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ABSTRACT: The urban effect on the lightning activity remains a controversial topic, beginning with
works in 90's and then followed by several studies in US, Europe and Brazil. Most of them speculated on
two factas to explain their findings: the increase of cloud condensation nuclei (CCN) due to
anthropogenic emission of particulate matter (jjMnd SQ, and the enhancement of the convergence
due to the urban heat island (UHI) effect. First works in Braaile fiown that the urban effect on
lightning activity canbe a combination of a thermodynamic effect (caused by the enhancement of the
sensible heat flux due to the UHI) and a microphysical effect (caused by a high concentration of
anthropogenic aerosol in tleégmosphere). In this paper, we have selected all major large cities of Brazil
(with more than 400,000 habitants) and looked positive ad/or negative cloutb-ground (and
intra-cloud) lightning anomalies based on data from two different detection syséelightning location
network that operate in VLF rangad an optical sensor on board of satellite. The analysis showed up
very interesting results where some large cities do not present any type of lightning anomaly while other
large cities revealegronounced positive CG lightning anomalies.

INTRODUCTION

The lightning urban effect is known as an enhancement of the number oftaigtaund (CG)
lightning flashes over a particular urban area compared to its surroundings, which is called positive CG
lightning anomaly.This effect remains a controversial topic, beginning with first publicationof
Westcott(1995) followed bymany othergpublicationsin Europe Asia, USA and Bazil (e.g Orville et al.
2001; Steiger et al. 2008oriano and Pablo 2@0Naccarato et al. 2003; Pinto et al. 2084y et al.
2007, Farias et al. 2009, 2012Yost of them speculated on a combination of two factors to explain their
findings: the increase of cloud condensation nuclei (CCN) due to anthropogenic emisdioh ©fm
particulate matter (PN andsulfur dioxide §0,), and the enhancement of the convergence due to the
heat island effecin general, all studiediscuss a particular topic related to CCN interactions with cloud
microphysics and/or the increase of parature in urban areawhat iscalled the Urban Heat Island
(UHI). The UHI is related to many physical differences between urban and rural areas, among them
absorption of sunlight, increased heat storage of artificial surfaces, obstructiamdfaten by buildings,
absence of plant transpiration, and differences in air circulg§@ke 1982; Steward 2011Yhe UHI
magnitude, defined as the difference between urban and rural temperatures, is influenced by the Bowen
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ratio of contrasting surfaces, synigptveather conditions, urban morphology, timing of temperature
observations and, categor i zat(Steward and Oké, R2Ql2Bg thed ar e a s
other hand, the influence of aerosols on the cloud microphysics, rainfall and clouificggotr has been
comprehensively studied and the effect of aerosol concentration on cloud electrification has been
discussed by a number of auth@sy. Rosenfeld 200@raf 2004;Rosenfeld et al. 200&ar et al. 2009;

Yuan et al. 201;1Mansell and Zigler 2013.

According to first workin Brazil (Naccarato et al. 2003jhe urban effect on lightning activity can be
a combination of a thermodynamic effect (the enhancement of the sensible heat flux due to the UHI) and a
microphysical effect (due to a high concentration of anthropogenic aerosol in the atmospheretal.

(2004) and Farias et al. (2009, 2012) supportedtiiomg positive CG lightning anomabyer large urban
areas in BrazilLater,Naccarato et a[2010 showed a light negative int@doud (IC) anomaly over large
urban areas in Southeastern BraBihto et al. (2004tonfirmed theprevious results showingdecrease

in the percentage of positive CG lightnimger Belo Horizonte urban area. Naccarato et al. (2003)
proposed that the anthropogenic aerosols could appreciably affect the charge sejpatagonrban
thundercloud by increasing the negative CG lightning activity. Thus, lightnimgencecan beenhanced

by changes in aerosol loadir@gusingchanges ireither amount or polaritgf CG lightning as the aerosol
concentration chang€Barias eal. 2009.

Another impact of the urban area over the lightning actigitthe weekly cycle (or weekend effect).

The probability to detect a weekly cycle in a climatic data is very low. However, such cycles exist within
urban centers and surroundiageas and their causes are attributed to anthropogenic a@@omndon

1994) In Brazil, it was found atrong evidence of thereekly cycle of the lightning activitySO, and

PM,o over Sdo Paulo citffarias et al. 2012)0ther evidences of the weekly cydeglightning activity

were also foundby Mullayarovet al. (2005)Bell et al. (2009) and, Stallins et al (2013)

In this paper we haveskected all major large cities of Brazil (with more than 400,000 habitants) and
looked for positive and/or negative CG lightning anomalies based on data from two different detection
systemsthe WWLLN global rangdightning detection systerandthe LIS optical sensor on board of
TRMM satellite. The analysis show up very interestinglltssvhere some large cities do not present any
type of lightning anomaly while other large cities revealed pronounced positive CG lightning anomalies.

DATA DESCRIPTION
Lightning data were obtained from the WokNide Lightning Location Network (WWLLN) red the
Lightning Imaging Sensor (LIS) as described below.

The WWLLN system

The WWLLN is a grounéased network consisting of 62 sensors installgdss thevorld, which
monitors very low frequency (VLF) radio waves from lightning (called sferitise network uses a time
of group arrival(TOGA) technique on the detected sferic waveforms to locate lightning to within ~5 km
| ocation accuracy an(@owded 6tels 2002)High peak currens strokestei o n
preferably detecteflay etal. 2004) The global detection efficiency ¥#/WLLN is estimated to be ~10%
(Abarca et al. 2010; Hutchins et al. 202&hich allowsit to ddect almost allightning-producing storms
More information about the WWLLN network can be founthiip://wwilln.net
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The LIS optical sensor

LIS is an optical sensor on board the Tropical Rainfall Measuring Mission (TRMM) satellite that was
launched in 1997 into a 3%nclination orbit (Christian et al. 1999; Christian 1999i nce t he sens
detection efficiency presents diurnal variation antdhe sampling time near the tropics is significantly
higher than over the equat@ue to satellite inclination),ada have to be corrected before the analysis as
comprehensively desbed by Naccarato et al. (200&dditional information about the sensor and the
TRMM satellite can be found attp://lightning.nsstc.nasa.gov/lis/

RESULTS AND DISCUSSIONS

Figure 1 shows a highesolution map (1x1km) of theloudto-ground (CG)lightning activity over
Brazil provided by WWLLN from 2005 to 2013 {@ear dataset). This map presents the number of VLF
lightning events and not the CG lightning flash rate. The CG lightning activity is-codlerd as low,
average, high and very high because the relative differences are actually important for the urban effect
characterization and not the absolute values.
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Figure 1i Hi-res. (1x1km) cloudo-ground lightning activity over Brazil provided by WWLLN (20@913)
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As described by Naccarato et al. (2008), the WWLLN presents a latieggndent variation of its
detection efficiency (DE) over South America. Thus, the netwdtkoer the Northern Brazil is higher
than over the Southern area. In order to roughly correct this effect, the LIS data over Brazil is used as a
reference. The LIS also has a latitteependent variation of its viewtime due to the polar orbit of the
satellte (£35°). Thislow orbit causes the sensor to image longer over the Tropics than over the Equator.
This effectwas correct as described by Naccarato et al. (2008jng the corrected CG flash rate map
from LIS (presented byNaccarato et al. 2011), theWLLN CG lightning activity map was divided in 9
latitude ranges (from 8°N to 37°S in 5° bins). The average lightning value of every range is then compared
from both maps and a correction factor was applied to the WWLLN map in order to better represent the
actual latitude variation.

Table 1summarizes the results from each large urban area in Brazil. Mainly the metjopolitan
areas of the country are thancipal citiesof eachBrazilian State. There are two exceptions: the Paraiba
Valley Metropolitan Aea (PVMA) and Campinas Metropolitan Area (CMA). The PVMA has about 2.5
million habitantdiving in 39 cities It is located between the two largest metropolitan areas of Brazil: the
S&o Paulo Metropolitan Area (SPMAhat has about 20 million habitar(isomposed oB39 citieg, and
Rio de Janeiro Metropolitan Area (RIJIMAhat hasabout 12 million habitanteccomposed of 21 cities)
The CMA has about 3 million people living in 20 citi#tss located about 100km northwest of SPMA.

Tablel1 Major urban areas in Brazil, excaptthe Northeastern Region

Urban Area / State Lightning Anomaly Figure #
BelémPA Well definedand verypronouncegdwith along displacement to southwes 2
MacapdAP No effect 2
Belo HorizontéMG Well defined,but notpronounced 3
Boa VistdRR Some evidence of urban effect, witklight displacemento southeast 4
Campo Grand¥S Not a clear effect, maydue to the higG lightning activityaround 5
CuiabdMT Some evidence of urban effect, witklight displacemento south 6
CuritibaPR No effect 7
GoianidGO No effect 8
BrasilidDF No effect 8
ManausMA Well definedand verypronouncegdwith along displacement toorthwest 9
Porto AlegréRS Some evidence of urban effect, witlklight displacemento northeast 10
Porto VelhdRO Some evidence of urban effect, witklight displacemento southeast 11
Rio BrancdAC Not a clear effect, may ldue to the low CG lightning activity around 12
Sao LUigMA Well definedand verypronouncegdwith along displacement tsouthwest 13
Sao PaulisP Well definedand verypronouncedver the area 14
CampinatsSP Well defined over the areaut not pronounced 14
Rio de JaneirRJ Well definedand verypronouncegdwith a displacement tonortheast 14
Volta Redonda RJ Well defined angronouncedwith a displacement to tfearroundings 14
S. JosédosCamposSP Well defined angronouncedwith a displacement teoutheast 14
VitorialES No effect 15
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Those four largesmnetropolitan areas (PVMA, CMA, SPMA, and RIMA) are shown in Figure XX.
For each metropolitan area, the CG lightning activity distributioshown in separate higksolution
(1x1km) maps (according to Table The urban areas are shown in magenta amtbffography is given
by the white isolinesThe major metropolitan areas of tidortheastern Regioof Brazil areexcluded
from the analysis because the CG lightning activity over that region is extreme(lgithwe 1) Thus, no
lightning anomalydue tourban effectan beanalyzed

Some largemetropolitanareashave beestudied e.g.,Sdo Paulo Metropolitan Area (Naccaratoakt.
2003; Morales et al.2010; Farias et al2008, 201®, Belo Horizonte Metropolitan AreaP{nto et al.
2004), Manaus Metropolitan AreaPifto Jr. et al. 2013), Campinas andoSJogé dos Campos
Metropolitan Areas (Naccarato et a003b) Those areas presemery pronouncedightning anomalies
(indicating a strong urbaeffect) that has been already detectey the regional lightning detection
networks. Naccarato et al. (2003a) and Farias et al. (2008, 2012)sddcims details the pabse
explanaion for their findingsover the SPMAThey concludel tha the urban effect cabe a combination
of a thermodynamic effect (caused by the enhancement of the sensible heat flux due to the UHI) and a
microphysical effect (caused by a high concentration of anthropogenic aerosol atmbsphere)s
plausible.On the other hand, Morales et al. 2010 preseswetkevidences thahe thermodynamieffect
is prevailing over the aerosabhicheffectis negligiblefor the SPMA.

Figure2i WWLLN cloud-to-ground lightning activity over Macaff&P (northwest) and BeléfRA (east)
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Figure37 WWLLN cloud-to-ground lightning activity over Belo Horizonte/MG.

Figure4i WWLLN cloud-to-ground lightning activity over Boa Vista/RR.



