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Operational analysis of electric field mills agliging warning systems in
Colombia

Andlisis operacional de molinos de campo elécttmmo sistemas de alerta de tormentas
eléctricas en Colombia

D. Aranguren, J. Lépez, E. Pérez, J. Herrera, L. Aragén, HeJo

Abstract — Electrostatic field measurements taken in
Bogota, Colombia, during thunderstorms in November (the
rainy season due to inter-tropical confluence zonever central
Colombia) were used to study the performance of ansolated
electric field sensor and analyse its most importanoperational
characteristics. The distances from each flash tohé studied
sensor were obtained by using the Colombian lightng
location system. TheAE cf distance ratio led to defining a

1. INTRODUCTION

Electrostatic field sensors are among the most used
thunderstorm detection devices in lightning warning systems.
Such as EN50536 (EN50536 Std, 2010) and ACRP report 8
(ACRP, 2008) recommend electric field mills as thunderstorm
detection devices due to their ability to monitor the buildtip

charge model which could be used as a reference forthe local electrostatic field which precedes a lightning strike.

calibrating other electrostatic field sensors to beused as
lightning warning systems.

Keywords. thunderstorm, electric field mill,
analysis, lightning warning system.

operational

Resumen — Medidas de campo electrostatico realizadas en

Bogota durante episodios de tormenta en noviembreed2010
(tipicamente temporada de lluvias dada por el pasde la zona de
confluencia intertropical por el centro de Colombig fueron

usadas para estudiar y analizar las caracteristicagperacionales
mas importantes de un sensor de campo electrostaiaislado.

Las distancias de cada descarga nube-tierra con mscto al

sensor obtuvieron a partir de los datos suministrads por el SID

(Sistema de Informacion de Descargas). L&E en funcion de la
distancia permitieron definir un modelo de carga pede ser
utilizado como sistema de referencia para la calilacion de otros
sensores de campo electrostatico a ser implementaden sistemas
de alerta de tormentas eléctricas.

Palabras claves: tormenta eléctrica, molino de campo
eléctrico, andlisis operacional, sistemas de alertde tormentas
eléctricas.
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However many uncertainties related to the topography,
neighboring elements and local weather conditions affect their
measurements. Hence, more operational studies about electric
field mill's performance are needed for different latitudes and
meteorological conditions to improve thunderstorm forecasts
derived from such detectors.

Since 1914 many scientists have used ABkecf distance
curves to investigate electrical charges associated with
lightning flashes. Most studies have been carried out in
Europe (Wilson, 1916, pp.555-574; Wormell, 1939)utBo
Africa (Schonland et al, 1927; Schonland et al, 928l the
USA (Jacobson and Krider, 1976; Murphy et al, 1996)
almost no research has been done in tropical regions.
Uncertainty about field mill performance in the tropics
increase when it is taken into account that lightning
parameters in this zone present important differences
compared to those in typically studied regions.

This paper uses the same techniques applied by the
aforementioned experiments; however, the main objective was
not to find a charge solution but to develop a calibration
methodology for characterising electric field sensorsan-n
ideal installation conditions. Nine storm days in Bogota
Colombia, were used to characterise an experimental electric
field mill.

When theinter-tropical convergence zon@dTCZ) passes
twice a year in Bogota it leads to stormy seasons gurin
April-May and October-November. Thunderstorms in
Colombia are normally influenced by topographic conditions
The formation activity =~ of deep vertical development
cloudiness such as cumulonimbus related to lightning
flashes mostly originates in the orographic ascent of &tmoi
air mass as the result of warming differences due to solar
radiation. By contrast with what happens in other latitudes,
the origin causes a thunderstorm life-cycle to depend on local
features which have not been extensively studied so far, so
uncertainty in forecasts is high.
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Other kinds of thunderstorm forms are created by a drastic

directional change of wind from the north, bringing theish —

mass located in the Magdalena Valley; this interacts pebitiv [’/ . 5

with the updrafts caused by the strong difference in laed u % o+ ./

between the savannah and the city (density difference). This L + 7 - —

kind of formation does not depend on ITCZ location but ;_-Aczlg_, /

on local circulation. The storm episodes analysed inpidyier |-

were consistent with the second form of thunderstorm. /—( LA, 4:\+ :—‘

2. MODELS /
As it has been concluded by Wilson (Wilson, 1916, pp.555- ,/"'
574), Jacobson and Krider (Jacobson and Krider, 1976; Maier ’ He e
et al, 1986) and others, cloud to ground (CG) flashes can a0 o

generally be represented by a point charge model as described
in Figure 1. If the ground is considered as a flat condutter,

AE electric field change at ground level produced by a flash is ) .
given by equation (1) , wherQ is the precise charge change, Many studies such as (Krider, 1989; Murphy, 1996;

H is the charge heighk andy; are the distance differenced/iontanya, 2004) have found that the point charggeAQ
from the charge coordinates to the evaluation point. can be well represented by a log-normal distribuis given
in (2); whereyg is the median oAQ anddiyq is its standard

deviation.

Figure. 2. Bipolar charge model

In(AQ) = N(/JQ,aln(Q)j 2

Figure 3 shows the behavior of 600 simulated dt=éigld
changes at random distances, calculations were lopising
the point charge modelAEs shown in Figure 3 were
computed considering a log-normal distribution odirp
chargesAQ and taking into account a normal distribution of
the heightH. Median and standard deviation fAQ andH
were taken from results in (Krider, 1989) where rida
thunderstorms have been studied. Figure 3a (liseale for
¢y AE) allows observing the maximum expect®d values for
any distance from 0 to 30 km; Figure 3b (log sdaleAE)
shows the minimum and maximuki limits for any distance.

Dataset shown in Figure 3 is consistent with the
measurements taken by an electrostatic field seinstalled

2AQH in ideal conditions and in Florida. Therefore, tbensor's
AE = (1) external errors affect th&E vs distance relation, introducing
2 3/2 changes in the amplitudes or thE behavior as a function of

j the distance. A calibration method can be basedtodying
the AE vs distance relation at a given electrostatidd fie
measurement site and on comparing it with a givetiem

Murphy (Murphy, 1996) found that many CG flashes ard|str|but|on obtained from the thunderstorm comdis in the

+AQ .r

Fig. 1. Point charge model

2 2
47E‘0(H + xi + yi

better represented by a bipolar model by compacimarge region. 00
solutions derived from the electric field mill neid in .
Florida (31 sensors) and VHF detections given hyhtring woer
Detection And Raging (LDAR), as described in FigdreAn a0l
additional effect of a precise charge in the lowitiee charge E ool "
centre (LPCC) is included in this model; the elecfield P PR B
changeAE at ground level can thus be computed by adding 4000 "3{'_1-,'. .
theAEs related to each point charge. o0 f:é;!‘-’.":"'?.:"i— .
i "o‘ O 2,9
0 5.000 10.000 15.000 20.000 25.000 30.000
Distance (m)
a
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simulation showed that theoretical electric fieldpdification

100.000
due to the building gave a factor close to 9.6.eXperimental
10,000k sy ,* 4, amplification factor obtained from th&E cf distance curve is
E 1.000%‘*:{‘?{:'3“ L discusse,d .below.
S8 BN a4 Bogota is Iocated' 2,555 metres above sea IeveIIX'rtnas
e A '&* ] ¥ '5"’!?: o8 on a large flat region on the nearby savannah; c¢hisses
AR 1 ol experimental sensor not to be affected by complex
10 R " topographical effects and the charge models destridbove
' are applicable; a correction is only needed fotuale.
1 s 1000 1500 2000 25000 3000 Figure 4 shows the experimental field mill; it wiaserted
Distance {m) reduce measurement interference caused by raimearby
b storms.

Figure. 3. Electric field changédE cf distance for 600 simulated CG flashes,

considering log-normal distribution. a. normal gcll log scale.

3. MEASUREMENTSYSTEM

8

A thunderstorm electrostatic field was measured by using a i
field mill designed and built in the Universidad Nacional d \
Colombia (Aranguren et al, 2005, pp.184-189; Prsal,
1992). The main operational characteristics of the sensor are
summarised in Table 2; eight induction windows were

periodically shielded by a metallic helix rotating at 2,25®.rp

The output signal/y(t) could be computed by using equation

(3), wheregy was the air dielectric permittivityl\(t) was the
measurement surface area varying as time elapsédwasg

i

Figure. 4. Electric field mill

CG lightning location data was provided by thischarge

the sensor's variable capacitance a@hdwas the incident jyformation systerm(DIS) operatingn Colombia.

electrostatic field.
£y EA(t)
V() =

o™= "co ®)

The 320 Hz output signal was digitalised at 106sk&ing
14 bit resolution. Incident electrostatic field dimple and
polarity were computed by processing the digitalisgnal;
the latter process provided 5 samples per secontheof

4. DATA AND ANALYSIS

Table 2 presents the thunderstorm episodes measured
Bogota; 9 out of 16 measured thunderstorm days téed
obtaining 491 AE from CG flashes which were
unambiguously matched with lightning location spste
detection. A 0 to 30 km distance range was consdler

TABLE Il
THUNDERSTORM EPISODES STUDIED IBOGOTA

electric field being measured. The time stamp was

provided by a GPS Garmin 18 x antenna. Date (dd/mml/yyyy) Local time CG Flashes
04/11/2010 13:00 141
TABLE 15/11/2010 17:45 21
FIELD MILL CHARACTERISTICS 17/11/2010 1337 99
Parameter 19/11/2010 17:00 54
Sensitivity 500 pV/V/im 20/11/2010 12:05 38
Resolution 2,44 Vim 22/11/2010 15.08 14
Digital resolution 14 bits signed 25/11/2010 13:00 68
Maximum sample rate 140 MS/s 27/11/2010 13:45 37
Range +- 20 KV/m 28/11/2010 1328 11
Output signal +/- 10V Total _ 491
Motor Brushless
Time stamp Synchronized with a server o6t storms occurred on the savannah near Bogota as

isolated cells. Figure 5 shows CG lightning detectgiven

The measurement station was installed on a 12 rh hiy SID on November 17 2010. In this event, the storm was
building on the Universidad Nacional de Colombi&@ampus initially detected 140 km northeast of Bogota anoved to
(Figure 4); this introduced a site error which aifiged the the measurement point. Figure 6 gives a diagranfldsh-
electric field measured by the sensor. A finite neats sensor distancef time for the event on November™ 7The
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dots illustrate distance and time for each flash; the
continuous line corresponds to the instantaneous elexttoost
field measured by the sensor. Figure 6a illustrates théQast
km during the approach of the thunderstorm; note how
electric field measurement became affected when CG
lightning activity was closer than 20 km; in additi@an
polarity change could be detected when the storm-sensor

distance was close to 10 km.
6.0'N

55 N

50N

45N

40w 745 W 74.0°W 735 W 73.0°W 725 W

Figure 5. CG flash detection during the storm egéson November 17 2010
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Figure 6. Electrostatic field measurement andatitmiground lightning distances on November 17 @@l Approaching phase for 60 km. b. Storm agtivit
over the sensor site.

th understorm was closer and the measured electric field

Figure 6b shows the timeline interval when
g aving the highest values. Each detected CG lightninkestri
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had anAE related electric field change. Note how strikes Table 3 presents the point and bipolar charge solutions

from the same flash shared the same electric field change.for the 491AE measured in Bogota. The point charge solution
In Figure 6b, pi and pf denote the initial and final poirﬂe'ght was .9'658 masl; as dISCUSSGd. by Murphy (Murphy,

for eachAE. 199_6); solghons based only on a pqmt charge tend to be

vertically displaced towards higher altitudes. The altitude of

All storm episodes presented small time errors betwegje obtained point charge solution seemed to be higher than

the time stamp given by the synchronisation server in éfhe fi expected

mill system and the strike time given by the lightning The bipolar charge solution was -22 C at 8,414 masl and

location network. Table 2 presents the storm episodesgii8 C at 6m316 masl; latter values were consistent with

which the time error could be unambiguously identified Welprevious studies carried out in Florida, such as that by

intense episodes having high lightning rates were neglestedviurphy (Murphy, 1996).

the time error was not calculable.

Table 3. Charge solutions for the nine thunderstepisodes in Bogota

5. RESULTS Model H (m)* AQ (C)
The storm episode on November™@resented thE cf | Point charge 7103 -15,4
distance distribution shown in Figure 7. Most storreesain Bipolar charge 5862, 3761 -22,6,8

Table 2 behaved as isolated cells similar to the episode
November 1%; AE cf distance patterns were similar in all
cases. In general terms, storm events analyzed in Bogota' .,

O8Regarding local terrain altitude (2555 masl)

consistent with previous studies with isolated field srdlich i DE
as Wormell (Wormell, 1939), Jacobson and Krider (Jamobs 12000 - Modelo de carga puntual
and Krider, 1976) and others. — = Modelo de carga bipolar
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Figure 7. Electric field changésE cf distance for cloud-to-ground flashes — mt""“\._.,
during the storm episode on Novembe?' 17010 ‘5 { S Ao
Electric field changes)E cf distance distribution for the 4 5. 0 s Bl 5 .
complete dataset of the nine storms in Table 2 is showr
Figure 8; note how the data for the complete dataset 104 =
. . . . . . delo d |
consistent with the theoretical curve described in seétion :q"’:l" d° e Ef‘”’l“a
. . . . . - . . — — iodelo de carga bipolar
Distribution in Figure 8 was fitted by using point ohar 1 . : ; ; ;
and bipolar models (section 2). The solutions were obtair 0 5000 10000 15000 20000 25000 30000
by applying non-lineal least square optimisation; (4ggithe Distancia (m)

L . 2 . . . Lo b
objectlve functionC” in which AE; is the electric field Figure. 8 Electrostatic field change& cf distance distribution for the nine

change, computed on unknown parametersind AQ (or  thunderstorm episodes shown in Table 2. a. Lineslbsdistribution b. Log

H,, Hs, AQ; andAQ; if the bipolar charge model were used), scale distribution
AE.,; was the electric field change measured and N was the
total number of measureik; in this case 491. Figure 8 presents the point and bipolar charge model

curves obtained with the solutions listed in Table 3. Aslma

) N ) noted, the two models agreed regarding distance, ranging fr
C"= Z (AEci (H,AQ) - AEmi) (4) 3 to 30 km; there was a great difference for shorter diegan
i=1 High errors are normal in the 0-5 km range due to

H and AQ; an iterative process based on the Marquargjig for representing the cloud charge region neutraliseal by
Method led to obtaining the model parameters that best fit mﬁnning flash. Lightning location error is also more

measured electric field changes by minimizing func@n noticeable at short distances.
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The results given by Table 3 are significant for knowéedg 6. CONCLUSIONS
about thundercloud electrical structure in the tropics. Poinh, electrostatic field mill station in Bogotéa, Colombia
chargesAQ were ambiguous due to the site error of the sengLiaq at 2 555 masl on flat terrain
involved. Despite the obtained point charges being ConSiSFgfgrence distribution for AE mea,surements Nine
with p'reV|ous research in other cguntnes, some uncerta{ﬂw derstorm episodes during 2010 were analysed to obtain
was introduced because the site error was compute

. . a cf distance pattern formed by 491 CG flashes. As a
theoretically not experimentally. By contrast, tHeparameter o . .
. X ) . result, the measured distribution fit a bipolar charge model
was unambiguous and reliable; the way thie cf distance . .
. . having 8,414 height, at 6,316 masl and -22 and 6.8 C
curve decayed had a unique solution for helgland was not
dependent on thAE solution. In may thus be stated that ﬂ%garg(;s. hvsical ¢ b q ‘ ;
cloud charges during CG flashes in the studied episodes we?euC p y_S'CE‘_ parame grs can g use .as a re.e.rence or
located at mean heights of 8,414 and 6,316 mas! (for f{m@g_ elegtrlc field mills in other installation conutms._
negative and positive charges, respectively). Despite different causes for the thunderstorm formations

The latter results are relevant to a “scientific degree” ffserved in Bogota, all storms present the same
cloud electrical structure research; however this paper fdracteristics and the charge solutions tend to be similar,
focused on an “operational degree” study, aimed at obtamirfp described in previous sections. Most storms in central
calibration pattern for electrostatic field sensors instiliin Colombia are orographically created and are similar to those
non-ideal conditions and in a tropical zone. studied in this paper.

Regression analysis for the dataset in Figure 8 was darrieA regression analysis showed the statistical patterrhéor t
out to find a statistical pattern for tisE measured by themeasured AE for any distance. Calibrating any given
experimental field mill. Due to the charge chanfye) had a electrostatic field sensor installed in other conditions in
log-normal distribution; theAE was also log-normal for acentral Colombia would mean that it is possible to
given distance and therefore log conversion & was compare datasets’ mean values and dispersion.
needed. The independent variable was distathoghereas

log(AE) was the dependant one. 7. ACKNOWLEDGEMENT
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