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Abstract

O ambien¢ espacia sol-tera, tambén contecido
como geoespagoinclui a pare superio da @mosfera
terrestrea parte exter b camm geomagn&co e as
emissds solaresque afetan o meiao Pock ser
definido comoa regi® do espaco maiproxima do
planet Tara; suficientemerd proxima para afetas
atividades humana e pam se estudad a patir da
propria tera, porén suficientemerg distante pargue
poss se considerad parte d nas cdidiana Dessa
forma adefinicé de geoespag ndo inclia pare da
atmosfea mas préxima da superfice da Tera, a qual
€ objeb de estido da meteorologianen tampouco
inclui o espaco interplanetario qud é esudad pela
astronomiaenbora interap con anbos O geoespaco
estende-s desde apramadamerd 3 km acinma da
superfice da Teraa distancia ca orden de dezenas
de raie terrestres Nessa regi® ocaorem diversos
tipos ce interagde ente a atmosfer terreste e a
radiac@® solar ente G campos magnéticoadera e
do Sol e entre campo magnécos e particulas A
Geofisia Espacialé a parte d Geofisicague estida
0 geoespca Poce se tambén entendid conmo a
pare da Ciéncia Espaciaigjue estud a regia do
espag relevan¢ pana Tara.

O estido do geoespag cresca em importanca a
pattir da década de 6@an o advento d era espacial,
em virtude ¢ swa influénca ns novos pralutcs do
engenlo humam que nek esté imersos conb por
exempb satélitesveicul® espaciais tripuladpsndas
eletromagniécas e telecormnicacdes etc. A ejecao
de ma&s coronaria transformas en fortes
perturbacée b campo magrito denominadas
tempestade magnéticasas quas freqlientemente
provocan interupcdes na tekconunicacds via
satélite danos as veza irreversiveisde instrumentos
de bordb de satétes, black-outsem sistema urbanos
de distribuic® de energia etc. Nbo caso ds vdos
tripulados paticulas e ale energia pde an riso a
vida des astronautas principalmené dento das
corentes awulares que se formen a0 redo da Tera
durane as tempestademagnécas A regié ionizada
da alla @amosfera a ionosferarepresera outa regido
do espag once poden ocarem fendmens tais como
as bolhas ionosféricastipicos ca regi@d tropical, e
que abalan fortemeng & tekeconunicacdes.

Exatamert nesta mesan décad & 6Q mais
precisamerg en 3 de agosh de 1961 o Brasi iniciou
oficialmente sua atividades neat area através da

criac® de um Grupo de Organizagd da Camissao
Naciond de Atividades Espacia (GOCNAE),
subordinad a Conselho Naciohade Peguisas
(CNPq) que fa o embrido d atud Instituto Nacional
de Peguisa Espaciais(INPE). A CNAE, como
passa a se conkecida a Ingituicdo que mas tarde
deu origen a INPE iniciou sua dividades com
atribuicbes que incluian coordenagdo egimulo e
apob ac trabalho® estdcs relacionade & espaco,
formac® de un nlcle® de peguisadore capacitados
para desewolverem projet@ e peguisas espaciais e
0 estabeldmentb da moperacd can nacds mais
adiantadasAs dividades e peguisa executadana
sece da ONAE eran bascamen¢é mo camm das
ciéncias espacia e amosféricas na areaque €hoje
conhecida cono geofisia espacialEran redizadas
medida do camm geomagnética patir do solo para
estude geomagntcos recepca de sinas ce satéte
para estidcs ionosféricoe estides da alia @mosfera.
Além dcs euipaments ¢ sob eran realizados
experiments cientificos pp meio de carga Uteis
levada a bordb de foguetes lancados parti da base
da Barreia d Inferng em Natal- RN.

Hoje @& pesguisad en geofisia espaciano Brasil

Hoje & pesguisa en geofisia espaciano Brasl sédo

bem mab abrangentee engbbam pratcamene todo

o rd das rela¢ds sol-terra Estida- a transferéncia
de energa b Sd para 0 meb interplanetan (vento

solar, ejecd de mas coronériaclima espacial) o

acoplamerd ente 0 meb interplanetdn e a

magnetosfex terreste (tempestade magnécas,

nuvers magnécas clima espacial) o acoplamento
entre a magnetosfex terrestre ® sistena ionosfera-
termosfea  (tempestade ionosféricas bolhas

ionosféricas spread-B; as variagfes @ campo
geomagnétic associada a corrents elétrica na
ionosfea e na magnetosfa  (pulsacdes
geomagnéticash dindnica e afotogumica d alta,

méda e baia atmosfea e sa relacionamemt can a

radiac® solar inclusive mudanca glbas m alta
atmosfera a camad ce 0z6ndo e a eletricidade
atmosférica.

O ambien¢ espacia brasleiro apresenta
caracterfgcas Unicas par estidcs dos fendmenague
ocarem an regide troprais O eletrojad equatorial
abrang@ uma vast regi® do teritdrio bradeiro,
estendendoes desé o oese b estado do Mato
Gros® a€ o nordest b Brasil mas precisamente,
proximo a cidaé ce S® Luis — MA. Ess intensa
carene elétri@ que flui na dtura de
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aproximadamente 100 km e os efeitos a ela
associados afetam grande parte do geoespaco acima
de nosso territorio.

Outro aspecto peculiar a regido brasileira é o alto
valor da declinagdo magnética, a qual atinge um
maximo global no leste do Brasil. Como
consequéncia, a interacdo termosfera-ionosfera-
campo magnético apresenta comportamento bastante
distinto daqueles observados em longitudes onde a
declinagdo é baixa. Portanto, os estudos e modelos
desenvolvidos para outras longitudes nao sédo validos
na regido brasileira, tornando necessario o0
desenvolvimento de nossos proprios modelos.

Outro ponto peculiar a regido brasileira é a existéncia
da anomalia magnética do Atlantico Sul, a qual é
caracterizada por um minimo global na intensidade
total do campo magnético terrestre. O centro dessa
regido de campo magnético minimo esta localizado
na costa sudeste do Brasil. Devido a essa anomalia
no campo magnético terrestre, as particulas
energéticas dos cinturdes de radiacdo que circundam a
terra atingem altitudes mais baixas na regido
brasileira, podendo sofrer colisdes com a atmosfera
mais densa, perdendo energia e se precipitando na
ionosfera.

Além do INPE, outros grupos de pesquisa estdo

surgindo no  Brasil, contribuindo para o
fortalecimento dessa area de pesquisa no pais.
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Abstract

In this paper a spectral analysis of the aa geomagnetic
index (aa) and of the sunspot number (SSN) time
series during the period 1868-1998 is made. The
spectral method used was the multiple taper method.
The main periods found were related to the 11 year
solar cycle and its harmonics. The aa spectrum shows
in addition a period of 4.4 years, which is caused by
the dual-peak distribution of the aa time series. The
cross-correlation for all the periods indicates that aa
lags SSN by 1 year, however the correlation is
decreasing and the lag is increasing with time. Using
averages of 23 years, cross-correlations calculations
show that the correlation coefficient decreases from
0.76 to 0.35 and the lag from 0 (1868-1890) to —3
(1960-1982).

Introduction

The solar modulation of geomagnetic activity and its
corresponding effects on the Earth's atmosphere is a
fact well known (Gorney, 1990; Kivelson and Russel,
1995; Gonzalez et a., 1999). The 11-year solar cycle
and the associated variability that it causes on the
eletromagnetical environment of Earth — the geospace
— has been largely studied (Gorney, 1990; Kivelson
and Russel, 1995; Gonzalez et al., 1999).

The sunspot number (SSN) has been largely used to
infer about the long term variability of the solar
activity (Kivelson and Russel, 1995; Hoyt and
Schatten, 1997). The longest time series of
geomagnetic activity is the 3-hour antipoda activity
index aa (aa), which was defined by Mayaud
(1972;1973). The available records are from the
observatories of Melbourne in Austraia and
Greenwich in England. The dlight changes that
occurred in the sites of the antipodal geomagnetic
observatories (Menvielle and Berthelier, 1991) have
not affected the time series. The observatory locations
were: Northern Hemisphere, Greenwich (1868-1925).
Abinger (1926-1956) and Hartland (1957); Southern
Hemisphere, Melbourne (1868-1919); Toolangui
(1920-1979) and Canberra (1980). Similar to Kp
determination, 3-hour values are calculated first, and
a daily value is then obtained for each station. The
combination of both stations results in the aa index.
The invariant magnetic latitude of the antipodal
observatoriesis about 50°.

In this paper a spectra analysis using modern
approach is made on SSN and aa time series. The
correlation decrease between SSN and aa is aso
analyzed.

Spectral Analysis Methods

In spectral analysis, the use of a single taper in atime
series reduces much of the bias due to spectra
leakage in the spectral estimator, however, it aso
reduces the sample size and causes information to be
lost (Jenkins and Watts, 1968). Thomson (1982)
introduced the idea of using multiple tapers to recover
the information lost while still maintaining acceptable
bias. The method is known as the Multiple Taper
Method — MTM. The MTM uses orthogona windows
(or tapers) to obtain approximately independent
estimates of the power spectrum and then combines
them to yield an estimate. This estimate exhibits more
degrees of freedom and alows easier quantification
of the bias and variance trade-offs, compared to
conventional Fourier analysis. The MTM has the
ability to detect small amplitude oscillations in a short
time series without the necessity of filtering the
signal. It has also an interna satistical F-test (F
distribution) to obtain the significance level of the
periodicity found (Thomson, 1990).

The parameter that controls the compromise between
low variance and low bias is the product
time* bandwidth (NW- number of windows or tapers).
This is a resolution parameter directly related to the
number of tapers used to compute the spectrum. As
NW increases, there are more estimates of the power
spectrum and the variance of the estimate decreases.
However, the bandwidth of each taper is also
proportional to the NW, so as NW increases, each
estimate exhibits more spectral |eakage (wider peaks)
and the overall spectral estimate is more biased. For
each data set a specific value of NW must be used
(Thomson, 1982; Thomson, 1990).

Results and Discussion

In Figure 1 the time series of aa and SSN are shown;
the very well known behavior is easily seen. The SSN
has a cyclica variation with minimum of a cycle
reaching the same levels than the minimum of the
preceding cycles, while aa shows an increasing trend
in both minima and maximum values of the cycle
(Gorney, 1990)

Other well known feature in the aa time-series is the
dual-peak structure (Gonzalez et al., 1990; Gorney,
1990), showing a peak near sunspot cycle maximum
and other in the descending phase. This second peak
is caused by geomagnetic disturbances due to coronal
hole fast streams, which are more frequent in this part
of the solar cycle (Kivelson and Russel, 1995).
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Figure 1: The Sunspot Number and the geomagnetic
index aatime series— 1868 —1998.

In Figure 2 a cross-correlation spectral analysis is
shown for aa and the SSN. The highest correlation
coefficient (r=0.66) was found for the lag of 1 year,
which means that on average, the aa maximum lags
the SSN maximum by ayear.

lag(years) r \ AA index X Sunspot number
-1 0.66

064 o

0.59

1868-1998

Cross-correlation

Lag (years)

Figure 2: Cross-correlation between the aa and SSN
time series, 1868-1998.

A better correlation is obtained by using the 11 year
average of aa and the SSN. The 11-year running
averages are shown in Figure 3 and the long-term
trend in the solar and geomagnetic activity is easily
seen. The correlation coefficient is 0.94 with alag=0.
This result indicates that on a large time scale the
solar and geomagnetic activity have a very good
correlation, because both are affected by the long-
term component in the solar activity.

Spectral analysis results

In Figure 4 the aa and SSN MTM spectrum are
shown. The MTM was applied with NW=5.5. Only
periods at confidence level of 95% are shown in
Figure 5. It is seen that the 11 year solar cycle is
noticed in both series (10.92 years), with a strong
amplitude and that some lower periodicities,
harmonics of the 11-year signal, are also observed.
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Figure 4: Multiple Taper Spectrum for aa and SSN,
1868-1998.

The aa spectrum shows in addition a peak near 4.4
years, which is not present in the SSN spectrum; this
peak is believed to be caused by the dual-peak
maximum in the aa (Clua de Gonzalez et al., 1993),
because the distribution of intense storms has a
separation between the two peaks of 3-4 years
(Gonzalez et a., 1990). These results are coherent
with other works; Clua de Gonzalez et a. (1993), for
example, found 10.3 yearsin SSN and Ap time series
(1932-1982) and a period of 4.4 yearsonly in the Ap.

Longer periods in the SSN time series are found by
applying spectral analysis to the full range of data,
1700-1998. Applying the same conditions, NW=5.5,
95% confidence level, to SSN in the interval 1700-
1998, the most significant periods were 100, 21.4,
11.1,10,5.8,34,3.2,3.1,29,28and 2.2 years.

Decrease of solar-geomagnetic correlation.

In order to study the solar-geomagnetic correlation
evolution, averages over a period of 23 years of aa
and SSN were determined and cross-correlation was
calculated. This period was chosen because shorter
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intervals could cause distinction due to even and odd-
number cycles (Kishcha et a., 1999). The intervals
used to calculate cross-correlations were: 1868-1890,
1891-1913 ,1914-1936 ,1937-1959, 1960-1982. The
period 1983-1998 was not used because it has only 16
years. The results of cross-correlations are shown in
Figure 5, the lag between SSN and aa time series, the
correlation coefficient (lag=0) and the correlation
coefficient for the given lag of each period.
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Figure 5: Evolution of correlation aa -SSN Upper
panel, lag; lower panel, correlation coefficients.

It is clearly seen in Figure 5 that the correlation is
decreasing with time and the lag is increasing, which
indicates that aa maximum are occurring more in the
descending phase than in the period of maximum of
the 11 year solar cycle. The results are coherent with
those found by Kishcha et al. (1999) who calculated
23-year running-window correlations. They observed
a superposition of a quasi-periodical fluctuation of
40-50 years and a linear decreasing trend in the SSN-
aa correlation. Their results show correlation
coefficients decreasing from 0.8 in 1880 to 0.2 in
1980. In our results it is observed that the lag changes
to 0 in the first period (1868-1890) to —3 years in the
period (1960-1982). The correlation coefficient of lag
0 varies from 0.76 to 0.24 in the same period and
correlation coefficient associated to the lag of each
period changes from 0.76 to 0.35.

The physical cause of the decrease in correlation was
explained by Kishcha et a. (1999) as follow: the
geomagnetic activity has two components, the
sporadic, associated to the sunspot cycle, and the
recurrent, associated to high speed streams of solar
wind, emitted by coronal holes (Gorney, 1990;
Gonzalez et al., 1990; Gonzalez et a., 1999). The
maximum in the recurrent component is out-of phase
in relation to the sunspot number cycle maximum
because the open magnetic configurations in the solar
corona are more stable during the declining phase in
the sunspot cycle. Thus, it was proposed by Kishcha

et al., (1999) that the decrease in correlation and
increase in lag between aa and SSN would be
connected to the stability of open magnetic
configuration in the solar corona; a long-term
variability in the large scale solar magnetic field
could be causing a change in the open magnetic flux,
and in the solar wind conditions.
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Figure 6: Fraction of days with solar wind Vg, peak >
500 km/s and Sunspot Number.

In order to better understand the solar wind variations
and its relation to sunspot and geomagnetic activity, a
study of aa, SSN and solar wind conditions was
made. From Omni database, 1964-1998, the fraction
of days per year with solar wind velocity peak > 500
km/s (Fpk) was determined and compared to aa and
SSN variability. In Figures 6 and 7 the histograms of
solar  wind velocity are shown. A  good
correspondence is observed between Fpk and aa. The
maximum number of dayslyer with solar wind
disturbed conditions occurs in the descending phase
of the sunspot cycle.

Cross-correlation analysis between aa and Fpk
resulted in a lag of 0 year and a coefficient of 0.67,
while the cross-correlation of Fpk and SSN resulted
inalag of -2 years (Fpk 2 years later than SSN) and a
correlation of -0.48.

These results show clearly, similarly to previous
works (Gosling et a., 1976), that geomagnetic
activity is much more affected by solar wind than by
the sunspot cycle, in terms of annual averages. The aa
variation is caused by the solar wind condition
variability, as may be observed in Figures 6 and 7.
The solar wind variability is not in phase with the
sunspot cycle. Solar wind parameters measured in the
last years are not varying in phase with SSN. Both
dynamic and static pressures are observed as reaching
maximum values in the declining phase of the
sunspot cycle (Nakai and Kamide, 1994).
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Figure 7: Fraction of days with solar wind Vg, peak >
500 km/s and aa index.

Conclusions

The results of applying spectral analysis to aa and
SSN time series in the period 1868-1998 show that
the solar 11 year cycle is amain characteristic in both
time series. In addition it is observed in the aa
spectrum a period of 4.4, which is caused by the dual-
peak structure of the geomagnetic activity. The SSN
and aa have a variation out of phase, which may be
caused by predominant role of solar wind fast streams
from coronal holes in the descending phase of the
sunspot cycle. Thus geomagnetic activity has a peak
in the solar maximum and other during the
descending phase.

The decrease in the correlation of aa and SSN was
confirmed in this work. It was proposed by Kishcha
et al. (1999) that a long-term variability in the open
magnetic field configurations, in the solar corona,
could be the cause of the trend to aa and SSN become
less correlated.
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Abstract

A study of the annual variations of the negative
cloud-to-ground (CG) lightning flash characteristics
in the southeast Brazil is presented. The study is
based on about 10 million flashes recorded by a
Lightning Position and Tracking System (LPATS)
lightning detection network from 1989 to 1995. The
data setan be considered as the longest data set ever
obtained in the tropics with a constant network con-
figuration and provides a unique opportunity to study
the annub distributions of the number, intensity
(peak current) and multiplicity of negative CG
flashes. The distribution of number of flashes is
shown b follow local meteorological features. The
distribution of peak current seems to be influenced by
a large-scale tropical meteorological feature. The
distribution of multiplicity seems to be influenced by
instrumental effects.

Introduction

In Brazil, the use of lightning detection networks to
study cloud-to-ground (CG) lightning characteristics
at lage scales begun in 1988 [Diniz et al., 1996a, b],
at that time concentrated in the state of Minas Gerais,
in the southeastern part of the country. The first re-
sults ofthis network were published by Pinto et al.
[1996] and Pinto [1997]. From 1989 to 1995, the
network operated with a same configuration formed
by four Lightning Position and Tracking System
(LPATS) sensors. In 1996, the network changed to
the new APA-2000 system, including then Impact
sensors. At present, there are three different networks
that ae being integrated in only one large network,
which will be formed by 23 sensors (6 Impact and 20
LPATS) and will cover about one forth of Brazil.

The soutleastern region of Brazil is known to have a
large lightning activity associated with local and
large-scale meteorological conditions. Among the
large-scale conditions, lightning has been found to be
related to the occurrence of fronts, the South Atlantic
Corvergence Zone (SACZ) and the Bolivian High
[Solorzano et al., 1999]. Also, it has been suggested
that the convection in this region may be related to
the El Nifo Southern Oscillation (ENSO) [Caval-
canti, 1996], the Atlantic Ocean sea-surface tem-
perature [Diaz and Studzinski, 1994] and the Madden
and Julian Oscillation (MJO) [Kousky and Kayano,

1994], whch may have a combined action. At same
time, the number of flashes increase with local condi-
tions associated with deep convection, as expressed
by the wetbulb temperature, the equivalent potential
temperature and the Convective Available Potential
Energy (CAPE) [e.g. Williams, 1992; Williams and
Renng 1993; Watson et al., 1994].

In this paper the results of the analysis of about 10
million negative CG lightning flashes with first stroke
peak current larger than 15 kA recorded by a light-
ning detection network in the southeastern Brazil
from 1989 to 1995 are presented. The analysis was
done interms of the annual distributions of the num-
ber, intensity and multiplicity of the flashes. The data
after 1995were no used in this study due to the fre-
guent changes in the network configuration. The
results are discussed in terms of local and large-scale
tropical meteorological features and instrumental
effects.

The lightning network in the southeast Brazil

Figure 1 shows the region of interest (geo-
graphic coordinates 1622° S, 42- 48 W) and the
location d the lightning sensors. From 1989 to 1995,
the network consisted of 4 LPATS-Ill sensors, lo-
cated approximately 350 km from each other, and
synchramized by a satellite signal.
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More details about the network can be obtained in
Pinto et al. [19994, b].

Results and discussion

Figures 2 shows the annual variation of the number of
negative flashes from 1989 to 19%. The data from
1989 to 19% shows a clear biennia oscillation. To
investigated the origin of this oscillation, we have
computed the average annual wet-bulb temperature
and equivalent potential temperature for the region of
study, based on data provided by the Brazilian Na
tional Ingitute of Meteorology (INMET). They are
shown in Figure 3a together with the average annudl
sea surface temperature (SST) at coast of Brazil at 20
S. The SST values are provided by the Climate
Analysis Center from the National Weather Service.
This temperature has been recently suggested to be
related to the lightning activity in the southeastern
Brazil, athough no evidence has been published.
Also, we have calculated the annual total number of
frontal systems and the number of South Atlantic
Convergence Zone (SACZ) events affecting the
southeastern region of Brazil during the period of
interest, based on data provided by the Center for
Weather Forecasts and Climate Studies (CPTEC).

ANNUAL VARIATION OF
NEGATIVE FLASHES

2000
1500
1000

500

NUMBER OF
FLASHES
(thousands)

89 90 91 92 93 94 95
YEAR

Figure 2 - Annual variation of the number of
negative flashes in the region of interest from
1989 t0 19%.

The SACZ is typicaly seen as a cloud band at least
four-days enduring in satellite imagery. The number
of fronts and SACZ events are shown in Figure 3b,
together with the southern oscillation index (SOl).
The SOl is based on the mean sea level pressure dif-
ference between Tahiti, French Polynesia and Dar-
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win, Australia and is a measure of the strength of the
trade (tropospheric) winds. The SOI isreated to the
El Nifio/La Nifia phenomena [Deser and Wallace,
1987. The impact of El Nifio (La Nifi@) on the
weather in the southeastern Brazil has been predicted
as an increase (decrease) in the average temperature
(see Climate and Global Dynamics Division of the
National Centers for Environmental Prediction
(NCEP) for details). In fact, except for the SOI, the
other variables in Figure 3 were calculated not con-
sidering the period from May to August, since at
these months the number of flashes is very low. This
procedure was adopted in an attempt to have a better
correlation with the number of flashes. Unfortunately,
no upper—air soundings are available in the region
and period of interest to estimate CAPE values. Fig-
ure 3a shows that all temperatures have a similar
variation through the period of study, presenting a
small decrease in the 19901992 period. Figure 3b
shows that the annual number of fronts have two
peaks in 1991 and 199, whereas the annual number
of SACZ events shows a quas biennial oscillation. In
turn, the SOI in Figure 3b shows that the period of
study begin with stronger than norma trade winds
and La Nifa conditions, followed by an unusual long
event of weaker than normal trade winds and El Nifio
conditions (from 1991 to 1994 indicated by a de-
crease in the SOI during this period. In summary, the
only variable in Figure 3 to present a amost biennid
oscillation was the number of SACZ events. The role
of the SACZ events in the number of flashes in the
southeastern Brazil has been investigated in the past
[Solorzano et al., 1999]. They found that during
SACZ events the number of flashes tends to increase.
So, in principle, it is possible that the biennial oscil-
lation in the number of negative flashesis aresult of
its modul ation by the number of SACZ events.

BWETBULB
DOEQUIVALENT
BssT

il

Figure 3a- Annual average wet-bulb and equivalent
potential temperature for the region of interest and
sea surface (SST) temperature at coast of Brazil at
20 Sfrom 198910 19%.
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Figure 3b — Total number of frontal systems and
SACZ events in the southeastern Brazil and the
southern oscillation index (SOI) from 1989 to
1995

Figure 4 shows the annual variation of the average
negative peak current from 1989 to 1995 in the region
of interest. It can be seen that the average peak cur-
rent shows a significant (at a 1% significance level in
the F test) decrease during the period from 1991 to
1994 recovering to the previous value in 1995. It is
interesting to note that this decrease is also evident in
the SOI in Figure 3b, not appearing in any other vari-
able in Figure 3. A correlation between El Nifio and
lightning activity has been recently reported [Good-
man et a., 2000]. The authors, however, not shown
information about peak current. These variables are
wdll correlated, with a high correlation coefficient of
0.97. To explain this correlation, we have investi-
gated the monthly distribution for each year. We
found that during the 1991-1994 period of El Nifio
the ratio between the number of flashes in the period
from May to September (correspondent to the period
of lower peak currents — see Figure 5) to that in the
other months of the year (correspondent to the period
of higher peak currents — see Figure 5) is 0.45 againgt
0.40 in the other years. As a direct consequence of
this fact, the annual average peak current during the
1991199 period tends to be lower, explaining the
decrease seen in this period in Figure 4. The reason
for the variation in the ratio described above is be-
lieved to be the changes in the temperature produced
by ElI Nifio. El Nifio events are known to produce
higher temperatures in the cold season than La Nifia
eventsin the southeastern Brazil [Caval canti, 1996.
Figure 6 shows the annual variation of the percentage
of negative single flashes from 1989 to 19%. No
apparent relation was found between the percentage
of single flashes and the variables in Figures 3. It is
almost constant, except for 199%, when an increase is
observed. This increase is apparently related to the
increase in the number of sensorsin thisyear.

ANNUAL VARIATION OF
NEGATIVE PEAK CURRENT

50
45

40
35
30

89 90 91 92 93 94 95
YEAR

CURRENT
(kA)

Figure 4 - Annud variation of the first stroke
peak current of negative flashes from 1989 to
1995

AVERAGE PEAK CURRENT OF
NEGATIVE FLASHES 1989-95

PEAK CURRENT
(kA)

Figure 5 - Monthly variation of the average peak
current of negative flashes from 1983 to 1995.

Conclusions

In this paper, a study of the annual variaion of the
number, intensity and multiplicity of negative CG
flashes with first stroke peak current larger than 15
kA was presented. The study is based on about 10
million CG flashes recorded in southeastern Brazil by
a LPATS lightning detection network from 1989 to
December 199%. The main conclusions were:

- The annud variation of the number of

negative flashes shows a clearly biennial os-

cillation. The oscillation may be related to
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the total number of SACZ events in the
warm season.

- The annud variation of the average
negative peak current shows a significant
decrease from 1991 to 199A4. The decrease is
not related to the meteorological conditions
investigated, except to the SOI. The varia-
tion is apparently a result of the annua
modulation of the temperature and thunder-
storm activity by the El Nifio .

- Theannud variation of the average per-
centage of negative single flashes shows
small variations not related to the meteoro-
logical conditionsinvestigated.

ANNUAL VARIATION OF NEGATIVE
SINGLE FLASHES

80
75
70
65
60
55

PERCENT

89 90 91 92 93 94 95
YEAR

Figure 6 - Annual variation of the percentage of
negative singleflashesin theregion of study from
1989 t0 19%.
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An algorithm for the assessment of the sky cloud fraction by using digital image processing

of ground data.
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Abstract

This work describes a new method for the
routine assessment of the sky cloud fraction by
using digital images collected at the ground by
a low-cost CCD digital camera. The aim is to
produce a more consistent and time reliable
data set for the cloud cover index for several
applications.

Introduction

On afirst order basis, clouds are characterized
by high reflectance, predominantly white color
with hues from the blue to red and constitute a
short time-scale dynamic system of chaotic
nature. Clear skies on the other hand, are
predominantly blue during daytime with hues
from green to red. It is a rather deterministic
dynamic system insofar as the solar zenith
angle is concerned, but can be considered static
for short time intervals such as the time
duration of a CCD snapshot (Schaefer, 1981,
Salby, 1995). The deterministic nature of the
clear sky radiation intensity is related to the
well known equation describing the time
variation of the solar radiation intensity that
reaches the top of the atmosphere (Igbal,
1983):

lo=lscEp(sindsinf +cosd cosf cosw; )

@

Where:

lo = Intensity of the solar radiation at the top of
the atmosphere;

I = solar constant in energy units,

Eo = eccentricity factor (ro/r)?

d = solar declination angle

f =latitude

w; = hour angle

r = Sun-Earth distance

ro = average Sun-Earth distance (1 astronomic
unity 1UA = 1.5 x10°km).

Therefore, any method intended to determine
the cloud cover index must take into account
not only the relative variation of the severd
wavelengths in the picture but also the total
available intensity (IEA, 1992).

The visual inspection of clouds performed by
field observers is rather subjective and thus
bears intrinsic uncertainties and bias that may
lead to unreliable results on the long-term. For
the study of climate change and for validation
of satellite methods the cloud fraction data
generated by this visual observation method is
objectionable (Blair, 1964). This work presents
a new method for cloud screening that am at
to provide a more consistent and time reliable
data set.

Instruments and M ethods

The PIXERA model PCS20232 digital camera
was employed in this work for its good cost-
effectiveness factor. It has a user-friendly
interface with any persona computer and can
be remotely operated by software. Standard
used resolution is 516 (H) x 492 (V) pixels.

In the first step of the method the standard
RGB color system used by the CCD camerais
converted to the HSI system. Thus, instead of
dealing with the red, green, and blue colors we
deal with image attributes of intensity, hue and
saturation (Gonzales and Woods, 1992
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Richard, 1995). In the RGB system the colors
can be represented by the scheme of Figure 1.
The diagonal of the RGB cube is known as the
achromatic line and represents the HSI system
(Figure 2).

taganta
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#
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¥

R®
Figure 1. Colors cube shows diagonal achromatic

Whine

Ieteeaty
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L}

Figure 2. (a) HSI color triangle; (b) HSI color solid

This transformation was made based on the
fact that saturation levels for clouds are
substantially lower than for clear sky,
regardless of the solar intensity lp. Clouds have
a larger reflectance than clear sky and present
pae colors, characteristic of a mixture of
various wavelengths. In contrast the sky
displays a much higher saturation of colors in
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the visble range of the spectrum. This is
critical to the extent that both the sky and
clouds cannot be uniquely characterized by any
defined sets of colors. Figure 4 illustrates this
fact by showing the evolution of the saturation
level in one arbitrary scan line of the image
shown in Figure 3

The cloud screening process consists of
applying a trained algorithm, based on
selecting thresholds pixel-by-pixel in the
picture mosaic of saturation levels, taken from
carefully selected case images for clouds and
clear sky, for several solar declination angles
d. The intersection between thresholds for
these two subsystems does not intercept,
within the uncertainty of this process. Once
defined the characteristic threshold, the process
can be repeated over to images with unknown
sky condition to determine the level of cloud
contamination in each image pixel.

Figure 3. CCD test image taken at S&o José dos
Campos, 09/23/98

Saturation

9858855

0 & 1B 12 X 30 B34 M8 5§52 56 640

PdNa

Figure 4. Evolution of saturation parameter of the
scan lineindicated in red in Figure 3.

Results and Discussion

Figure 5 shows the process applied to an
arbitrary picture taken of the sky. The upper
panel is the observed image from the CCD
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camera. The middle panel represents the image
of the saturation levels taken for each pixel of
the same image. The lower panel is the false-
color representation algorithm’'s  output
showing the cloud contamination level pixel-

by-pixd.
Fy g

-
B ¢,

Figure 5. From top to bottom, these illustration
depicts, (a) the original CCD image in RGB, (b) the
mage of pixel saturation, and (c) map of false colors

generate by the algorithm.

The agorithm was validated by applying this
method in severa sets of CCD pictures
representing images of clear skies and overcast
skies previoudy selected by visua inspection.
All these groups were tested within the at
confidence level of 99.73%.

Tests were performed on a set of CCD pictures
representing several states of sky conditions.
The pictures were previously classified by
visual inspection made by skilled field
observers. The method was considered
successful for clear sky, overcast sky, and for

partialy cloudy sky with well-defined cloud
borders.

For partidly cloudy sky with fuzzy cloud
borders, results with a higher content of pixels
classified as “undefined” by the method, as
expected. But here, the visual classification is
also rather subjective and it is not possible to
claim that the method failed in these cases.
Further development of the method is on
course in order to better classify pixels with
undetermined levels of cloud contamination by
including the time series analyses of each
pixel.

Conclusion

The algorithm was developed to classify each
pixel according to a decision process. This
process was derived from empirical methods
used by the meteorologists to classify the sky
according to its cloud cover status. The method
transforms the image attributes from the RGB
space to the Intensity — Hue — Saturation (HSI)
space. This alows the identification of the
pixel contamination by clouds by using the
information of the saturation (S) component of
the HSI space. The classfication results
obtained by applying this new methodology
are adequate for the aim of this project, which
is the automatic determination of the cloud
fraction index from stand alone ground station.
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Resumo

No periodo de 6 de julho a 30 de agosto de 2000, o
Laboratério de Oz6nio do Instituto Nacional de
Pesquisas Espaciais instalou um Espectrofotdmetro
Brewer em Sdo Paulo (23,56°S, 46,73°0) para analise
do efeito da poluicdo urbana sobre o didxido de
nitrogénio — NO, atmosférico, comparando estes
dados com os obtidos na estagdo proxima e
relativamente limpa de Cachoeira Paulista (22,68°S,
45,00°0). Encontrou-se em S3o Paulo uma coluna
total média de NO, de quase o dobro do valor da
coluna média de Cachoeira Paulista, enquanto que 0s
valores das colunas estratosféricas de NO,, obtidos
pela técnica de twilight zenith-sky, sdo muito
proximos. Credita-se a diferenca nas colunas totais
das duas cidades aos altos valores do NO,
troposférico devido a poluicdo na cidade de Séo
Paulo.

Introducéo

O diéxido de nitrogénio — NO, representa um
importante papel na quimica da baixa e média
atmosfera (troposfera, estratosfera e mesosfera) por
ser altamente reativo e por participar ativamente na
producdo e destruicdo de ozénio. Nos Ultimos anos, a
descoberta da influéncia do NO, na quimica das
regides polares, principalmente regido Antartica, deu
uma maior énfase ao estudo do diéxido de nitrogénio
atmosférico (Solomon, 1999; WMO, 1999).

Devido ao acoplamento fotoquimico entre o Oxido
nitrico (NO) e o didxido de nitrogénio (NO,), a soma
de suas razdes de mistura sdo normalmente tratadas
como uma simples varidvel, a qual é designada por
NO,. As reatividades quimicas que estdo associadas a
estes compostos levam a escalas de tempo que variam
de minutos a meses, dependendo dos processos
fotoquimicos e da regido da atmosfera que se estd
analisando (Bradshaw et al., 2000).

A principal fonte de NO, na estratosfera e mesosfera
é a reacdo do Oxido nitroso (N,O) com o oxigénio
atdbmico excitado, enquanto que as principais fontes
na troposfera sdo o0s processos de combustdo
(combustdo de combustiveis fosseis e queima de
biomassa) e o0s processos de nitrificacdo e
denitrificacdo do solo, os quais ocorrem na superficie

da Terra, e a descarga de relampagos (Bradshaw et
al., 2000; Warneck, 1988).

O maior mecanismo de remogdo de NO, € a
transformacdo para acido nitrico seguida de deposicéo
Umida ou seca, que ocorre principalmente na
troposfera e baixa estratosfera, e a fotodissociacdo
que ocorre na alta estratosfera e mesosfera (Warneck,
1988).

A partir do trabalho de Crutzen (1970), foi
determinada a influéncia dos 6xidos de nitrogénio
(NO,) no contelido do ozbnio estratosférico, sendo
este um dos principais mecanismos cataliticos de
destruicdo do 0zdnio na estratosfera. J& na troposfera,
0s NO, sdo componentes chaves em dois importantes
ciclos de producdo de ozo6nio troposférico, o que
envolve o mondxido de carbono (Kirchhoff, 1984) e o
que envolve os hidrocarbonetos na formacgéo do smog
fotoquimico (Seinfeld, 1986).

A medicdo da coluna total de um gas atmosférico
(como O3, SO, e NO,), efetuada por instrumento
instalado na superficie terrestre, baseia-se no
principio da absorcdo da radiacdo incidente sobre
uma quantidade de matéria.

Quando se utiliza a atmosfera terrestre como uma
célula de absorcdo para a luz solar, determina-se, a
partir da intensidade de radiacdo incidente na
superficie, a quantidade total de moléculas do gas
atmosférico no caminho do feixe solar a partir da Lei
de Beer (Igbal, 1983). Esta Lei, em termos gerais,
descreve a extingdo de radiagdo eletromagnética em
uma dada faixa espectral por um meio, através do
qual a radiacdo atravessa, e determina a quantidade de
matéria presente neste meio.

O diéxido de nitrogénio tem uma banda de absorgéo
forte na regido do visivel e ultravioleta préximo de
430 a 460 nm. Esta banda permite calcular a coluna
total de didxido de nitrogénio atraves da Lei de Beer,
de forma similar ao calculo da coluna total de 0zdnio
utilizando os Espectrofotdmetros Dobson ou Brewer.
As técnicas de DS (Direto ao Sol) e ZS (Céu Zénite)
podem ser utilizadas para calcular a coluna de diéxido
de nitrogénio. Além disto, com medidas de zénite
feitas ao amanhecer e ao por do Sol pode-se obter a
coluna de NO, troposférica e a coluna de NO,
estratosférica, utilizando a técnica de twilight zenith-
sky.

O primeiro trabalho a utilizar esta regido de absor¢éo
de NO, com estas técnicas foi desenvolvido por
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Brewer et al. (1973). Outros trabalhos importantes
sdo: Noxon (1975), Noxon et al. (1979), Syed e
Harrison (1980), Kerr et al. (1982), Solomon et al.
(1987).

Metodologia

Segundo Kerr (1989), o Espectrofotdmetro Brewer,
instrumento  aceito  internacionalmente  como
referéncia para medidas de ozonio, foi modificado em
1985 para poder medir também a coluna de NO,
utilizando a banda de absor¢do da molécula entre 430
e 450 nm. Os cinco comprimentos de onda utilizados
pelo Brewer para medir NO, sdo: 431,4; 437,3; 442,8;
448,1; 453,2 nm. Os coeficientes de absor¢do da
molécula de NO, nestes comprimentos de onda foram
obtidos por H. S. Johnston e P. Graham em 1976
(Kerr, 1989) e séo dados na Tabela 1.

TABELA 1: Coeficientes de absorcdo de NO,.

Comprimento de onda | Coeficiente de Absorcéao
(nm) (*10™" cm?)
431,4 6,127
437,3 4,749
442.8 4,226
448,1 6,610
453,2 4,612

A Figura 1 mostra uma foto do Espectrofotdmetro
Brewer #081, usado na campanha de 2000, instalado
no topo do prédio do Instituto Astronémico e
Geofisico da Universidade de Séo Paulo.

Figura 1: Espectrofotc“)metr Brewer #081 instalado
no topo do prédio do IAG/USP.

A intensidade da radiacdo solar, nestes comprimentos
de onda, medida no instrumento, ap6s passar pela
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atmosfera e ser absorvida pelo NO, e fracamente por
0zbnio, pode ser calculada por uma variante da Lei de
Beer (Kerr, 1989; Syed e Harrison, 1980):

logly=loglg-Bam -0y NO; u-vy, Oz W @

onde I, representa a intensidade da luz medida no
comprimento de onda A; lg a intensidade da luz
extraterrestre no comprimento de onda A; () 0
coeficiente  de  espalhamento  Rayleigh no
comprimento de onda A; m o comprimento do
caminho éptico para espalhamento Rayleigh, “massa”
de ar calculada a 5 km; a, o coeficiente de absor¢éo
da molécula de didxido de nitrogénio no
comprimento de onda A; NO, a coluna total de
dioxido de nitrogénio; 1 a “massa” de ar Optica da
camada de diéxido de nitrogénio calculada a 22 km;
ya 0 coeficiente de absor¢do da molécula de 0zdnio no
comprimento de onda A; Oz a coluna total de ozbnio;
M a “massa” de ar Optica da camada de ozbnio
também calculada a 22 km.

O termo do lado esquerdo da equacdo (1) representa a
intensidade da radiacdo no comprimento de onda A
medido pelo espectrofotdmetro; o primeiro termo do
lado direito representa a intensidade da radiacdo no
comprimento de onda A que seria medido fora da
atmosfera terrestre; o segundo termo do lado direito
representa a atenuacdo da intensidade da radiacéo
neste comprimento de onda devido ao espalhamento
Rayleigh; e os dois dltimos termos sdo devido a
absorcéo da radiagdo pelas moléculas de didxido de
nitrogénio e  ozbnio,  respectivamente, no
comprimento de onda A.

De forma semelhante ao calculo da coluna de ozbnio,
as intensidades da luz nos cinco comprimentos de
onda de NO, também sdo pesados através de uma
combinacdo linear de forma a retirar os efeitos do
espalhamento Rayleigh e da absorc¢do pelas moléculas
de ozonio dos calculos da coluna.

N=Ng-Ada NO, u-AyOs 0’ - ABm 2
onde
N=0,1logl;-0,59logl,+0,11 log I3+ 1,2 log |4
-0,821log s 3)
No = 0,1 log lgp; — 0,59 log lg, + 0,11 log lgs + 1,2
log los — 0,82 log los 4)
Aoa=010,-059%90,+0,110;+1,20,-0,82 a5
®)
AB=01B3;-0,59B,+0,11Bs+1,2B4,-0,82 35
AB=0 (6)
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Ay=01y-059y,+0,11y3+12y,-0,82y=0
)

Os valores dos coeficientes ponderados 0,1; - 0,59;
0,11; 1,2; - 0,82 séo obtidos de forma a zerar a
combinacédo linear dos coeficientes de espalhamento
Rayleigh na equacdo. Além disto, estes coeficientes
ponderados fazem com que a combinacdo linear de
uma funcdo inversamente  proporcional ao
comprimento de onda seja nula (Kerr, 1989). Esta
Ultima condigdo faz com que os efeitos do
espalhamento Mie sejam reduzidos e possam ser
desprezados. O ozbnio absorve fracamente nesta
regido espectral e, com os coeficientes ponderados
dados acima, a combinacéo linear dos coeficientes de
absorcdo de 0zbnio aproxima-se de zero.

Os valores de a sdo determinados aplicando o
espectro de absorcdo do diéxido de nitrogénio as
fungdes de fenda do Brewer (fungdes de transmisséo
da mascara). O valor de N, chamado pelo
equipamento de constante extraterrestre, é calculado
colocando o aparelho na ilha de Mauna Loa, Havai —
Estados Unidos, e fazendo uma regressdo linear de N
contra i até encontrar a massa de ar nula (Kerr,
1989). Isto s6 pode ser feito em uma regido onde a
atmosfera é estavel e sem efeitos de poluigdo.
Portanto, todos estes valores sdo dependentes de cada
instrumento. As constantes extraterrestres podem ser
sujeitas a correcfes com o tempo refletindo mudancas
instrumentais devido principalmente ao
envelhecimento de componentes.

Assim, a coluna total de NO, é determinada apenas
pela equagdo (8):

N -N,

NO, =
Ao u

®)

onde o sinal negativo da inversdo da equagdo é
incorporado por Aa. Deve-se lembrar que o valor de
Aa é determinado aplicando o espectro de absorcéo
do diéxido de nitrogénio as funcbes de fenda do
Brewer (fungbes de transmissdo da méscara).

Uma vez que os valores de Ny e Aa sdo conhecidos, é
possivel obter-se o valor da coluna total de diéxido de
nitrogénio, medindo-se as intensidades da radiacdo
que chega ao solo nos comprimentos de onda 1 a 5.

Resultados

De 6 de junho a 30 de agosto de 2000, o Laboratorio
de Ozénio do Instituto Nacional de Pesquisas
Espaciais instalou um Espectrofotdbmetro Brewer no
prédio do Instituto Astrondmico e Geofisico — IAG da

Universidade de S&o Paulo — USP em Sdo Paulo
(23,56°S, 46,73°0). Esta campanha teve como
objetivo o estudo do NO, atmosférico durante o
inverno numa das maiores e mais poluidas cidades da
América Latina, comparando os seus dados com 0s
obtidos na estacdo do INPE de Cachoeira Paulista
(22,68°S, 45,00°0), sitio livre de poluicéo.

Na Figura 2 pode-se observar a comparacdo dos
dados da coluna total de NO, DS de Sao Paulo e
Cachoeira Paulista. Em quase a totalidade dos dias, a
coluna em Séo Paulo foi maior que em Cachoeira
Paulista, sendo que as medidas em S&o Paulo
mostraram uma grande variagdo didaria, refletida nos
altos desvios padrdes diarios.

As diferengas entre as colunas das duas cidades pode
ser melhor observada na Figura 3.

A coluna total de NO, de S&o Paulo apresentou uma
média para todo o periodo de quase o dobro de
Cachoeira Paulista. Para Sdo Paulo a média foi de
1,58 + 0,68 UD (Unidade Dobson), enquanto que
para Cachoeira Paulista foi de 0,87 + 0,20 UD.

Como as cidades estdo extremamente proximas, estas
diferengas ndo podem ser creditadas apenas a
variacdo latitudinal e sim a altas taxas de NO,
troposférico e a poluicdo da cidade de S&o Paulo.
Quanto aos dados de NO2 estratosféricos, obtidos
pela técnica de Twilight Zenith-Sky, encontrou-se os
mesmos valores médios nas duas cidades, mais uma
vez mostrando a influéncia da poluicdo troposférica
na coluna total de NO2 em S&o Paulo.

4 —O—— Séo Paulo
——2A—— Cachoeira Paulista | ——

COLUNA TOTAL NO2 - DS (UD)

8 12 16 20 24 28 32 36 40 44 48 52 56 60
DIAS DOS MESES DE JULHO E AGOSTO DE 2000

Figura 2: Comparacéo das colunas totais de NO,
atmosférico — técnica DS, dadas em Unidades
Dobson, das cidades de S&o Paulo (em preto com
barras de erro em vermelho) e Cachoeira Paulista (em
azul com barras de erro em azul).
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DIFERENGCA ENTRE BREWERS SP - CP (UD)

8 12 16 20 24 28 32 36 40 44 48 52 56 60
DIAS DOS MESES DE JULHO E AGOSTO DE 2000

Figura 3: Diferencas em UD das colunas totais de
NO, de Sao Paulo menos a de Cachoeira Paulista.

Conclusdes

Durante a campanha de medidas de julho e agosto de
2000, observou-se maiores valores da coluna total de
dioxido de nitrogénio em Sdo Paulo do que em
Cachoeira Paulista. Além disto, encontrou-se 0s
mesmos  valores médios das colunas de NO,
estratosférico nas duas cidades. Isto evidencia a alta
producdo de NO, troposférico na regido de S&o Paulo,
visto que uma das maiores fontes produtoras de NOy
atmosférico é a queima de combustiveis fésseis, uma
das principais causas de polui¢do urbana.
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Abstract

Comparou-se medidas de Radiacdo Ultravioleta
Solar obtidas por um Radiémetro UV-B ( Eko
Instruments — MS210W'), em operagdo continua no
Observatério Espacial do Sul (OES/CRSPE/INPE),
Lat. 29,44°S - Long. 53,82°0 ( Schuch N.J. et 4,
1997), e dados de satélite da Coluna Tota de
Ozobnio, afim de verificar o aumento na intensidade
de Radiacdo UV incidente provocado por reducdes
na quantidade de Ozbnio atmosférico. Devido a
dependéncia sazonal da Radiagdo UV, foram
utilizados apenas dados de Radiagdo em Unico
angulo solar zenital, de forma que a Radiacdo
pudesse depender apenas da quantidade de Ozbnio
atmosférico. A fim de contornar o efeito de
atenuacdo da Radiagdo pelas nuvens aplicou-se um
método de filtragem de dados. Dessa forma,
confirmou-se a anticorrelacéo existente entre Ozoénio
e Radiacdo Ultravioleta.

I ntroducdo

Medidas de Radiacédo Ultravioleta do tipo B e da
Coluna Totd de Ozbnio vém sendo efetuadas
continuamente na regido central do Rio Grande do
Sul, mais especificamente no municipio de S&o
Martinho da Serra, no Observatério Espacial do Sul
(OES/CRSPE/INPE), Lat. 29,44°S - Long. 53,82°0,
onde estdo instalados diversos equipamentos para
monitoramento de parémetros atmosféricos. Dentre
estes equipamentos encontram-se aqueles dedicados
a0 Programa de Monitoramento do Ozbnio
Atmosférico — PMOA.

A reducdo na concentragdo de Ozbnio que vem
sendo observada nas Ultimas décadas atraiu maior
atencdo da comunidade cientifica para o possivel
aumento da Radiacdo UV incidente, em particular na
faixa de 280-315 nm, normamente chamada UV-B
(Roy C. R. et al, 1994). A Radiacdo Ultravioleta do
tipo B € a que apresenta maior interagdo biologica
(KaneR. P. et a, 1997; Paul, N. D., 1999).

O Ozbnio é o principal agente atenuador de
Radiacdo Ultravioleta. Uma reducdo de 1% em

Oz6nio pode provocar um acréscimo de 1,31% ha
intensidade de Radiagdo UV globa incidente, na
faixa do UV-B, em angulo solar fixo de 50°, e 1,34%
em angulo solar fixo de 60° ( Kerr, J.B. et al, 1994).
Outros fatores, como a concentragdo de aerossois e a
presenca de nuvens podem influenciar na quantidade
de Radiagdo que atinge a superficie, apresentando
papel atenuador relevante.

A intensidade da Radiacdo UV varia ao longo do
dia, e apresenta também, uma dependéncia sazonal. A
fim de tornar a Radiacdo uma funcdo dependente
apenas da concentracdo do Ozbnio atmosférico foram
utilizadas taxas de energia obtidas em um Unico valor
de angulo solar zenital. Ap6s um estudo dos angulos
solares para 0 ano 2000, escolheu-se vaor de 55°
(anterior a0 meio-dia local), por ser o menor angulo
solar com ocorréncia a0 longo de todo ano. Este
comportamento pode ser observado na Figura 1, que
apresenta 0os menores angul os solares de cada dia para
0 ano de 2000.

Angulo Solar Zenital (graus)

T T T T T T T
0 50 100 150 200 250 300 350
Dias Julianos do Ano 2000

Figura 1: Menores Angulos Solares Zenitais para o
ano de 2000.

As medidas de UV-B (280-315 nm) foram obtidas
a partir de um Radibmetro (modelo MS-210W da
EKO Instruments), instdado no Observatdrio
Espacia do Sul, através de uma cooperagdo entre o
Ingtituto Naciona de Pesquisas Espaciais (INPE) do
Brasil e a Takushoku University do Jap&o. Dados de
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Overpass do Espectrémetro TOMS (Total Ozone
Mapping Spectrometer) instdlado no satélite Earth
Probe da NASA (National Aeronautics and Space
Agency) foram utilizados para a obtengdo das
medidas de Coluna Total de Ozonio.

M etodologia

O Radiémetro utilizado neste trabalho foi 0 UV-B
Radiometer da Eko Instruments, modelo MS-210W,
com faixa de medida entre 280 e 315 nm, cuja
resposta espectral é mostrada na Figura (2.a). Este
instrumento é especidmente desenvolvido para
medicBes de cardter meteoroldgico (espectro nao-
ponderado). O Radiémetro consiste em um sensor
associado a uma sé&rie de estagios Opticos
envolvendo: difusores, filtros de interferéncia, lentes
fluorescentes e filtros de bloqueio, e que podem ser
observados na Figura (2.b).

1.2
Muve| uvB UV-A

o —
= 1.0

E 0.9+

£ o5 (2.3

1 1 1 1 1 1 1 1 I
260 280 300 320 340 360 360 400
Comprimento de Onda (nm}

ﬂ]} omo de Quartzo

Difusor

Filtro Interferfncia

Fluorescencia

(2.b)

Filtre: de Blosueio

Sensor
Fonte DC

g, Temp 100 Vac

Comp.

Figura 2 - Resposta espectral para o Radidmetro
MS-210W da Eko Instruments
[http://mww.eko.com.jp ] (2.8) . Estégios que compde
0 sistema de medicdo do UV-B Radiometer modelo
MS-210W [ Manual do Radiometro] (2.b).

A saida do sensor, nivel de tensdio DC
proporcional a intensidade de radiacéo UV-B global
incidente no difusor é acoplada a um sistema para
aquisicdo de dados de alta resolucdo (16 hits) e com
capacidade de armazenamento de dados de
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aproximadamente 23 dias. Apls este periodo, os
dados sdo transferidos a um PC e convertidos em
arquivos no formato ASCII, para posterior andlise. A
taxa de amostragem dos dados € de 1 minuto.

Com a findidade de obter as poténcias de
radiacdo UV em angulo fixo, foram observados os
horérios de cada dia em que ocorreu o angulo solar
zenital de 55° (+ 0,5°), extraindo em seguida o dado
do radiémetro registrado no mesmo horéario.

O Total Ozone Mapping Spectrometer , atualmente
a bordo do satdlite Earth Probe da NASA, mede a
Coluna Total de Ozbnio ao longo de toda a superficie
da Terra, provendo um continuo mapeamento da
distribuicdo do Ozénio no globo. O dado de Ozbnio é
obtido de forma indireta, aravés da técnica
Backscatter Ultraviolet (BUV) , baseada na medida da
Radiacdo Ultravioleta retroespalhada na direcéo do
satélite pelo ozonio atmosférico, em determinados
comprimentos de onda. Os dados diarios de Oz6nio —
TOMS, tilizados neste trabaho, foram obtidos via
Internet através da webpage do Programa TOMS da
NASA- http./fjwocky.gsfc.nasa.gov .

A cobertura por nuvens pode acarretar uma
reducdo significativa na intensidade da Radiacao UV
medida na superficie, como observado em estudos
anteriores (Blumthaler, M. et a, 1994). Dessa forma,
para o conjunto de dados utilizado neste trabalho, que
corresponde ao ano de 2000, a presenca de nuvens
ocasiona ruido excessivo, dificultando a andlise dos
mesmos. Como o objetivo basico do trabaho é a
comparacdo entre Oz6nio e UV, torna-se importante a
eliminagdo do efeito de atenuacéo das nuvens.

Apl6s um estudo sobre o conjunto de dados,
verificou-se que para 0 ano de 2000, as maximas
variagdes de dia para dia nos dados de Ozénio, foram
da ordem de 14%. Partindo de que uma variacdo de
1% em ozbnio acarreta variagdes em UV-B, naordem
de 1,31% em angulo solar de 50° e 1,34% em angulo
solar de 60°, adotou-se que a méxima variacdo em
UV-B de dia para dia deveria ser da ordem de 20%.
Elaborou-se um agoritmo utilizando como pardmetro
variagBes, com a finalidade de filtrar os dados
de Radiacdo Ultravioleta, e efetuar a andlise apenas
em dias em que a cobertura de nuvens ndo acarretasse
reducdo maior que 20%. Nas Figuras 3.ae 3.b pode-
se observar 0 conjunto de dados de Ultravioleta
brutos e filtrados, respectivamente.

Andisando as Figuras (3.@) e (3.b) pode-se
verificar o melhor comportamento dos dados de UV
filtrados, quando em comparacdo com os dados
brutos do Radidmetro. Evidenciase também pela
Figura (3.b) a tendéncia contréria entre as curvas de
poténcia de Radiacdo Ultravioleta e Coluna Total de
Ozbnio, ao longo do periodo analisado.
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Figura 3: Graficos mostrando o conjunto de dados
de Ozbnio e Poténcia de radiacgo UV (280-315) na
formabruta (3.9) e filtrada (3.b).

Resultados

Procurando estabelecer uma relagdo entre os
dados de Radiacdo Ultravioleta do tipo B incidente
em angulo solar fixo de 55°, e de Coluna Totd de
Ozbnio atmosférico, as duas grandezas foram
comparadas em sua forma bruta. Ndo se obtendo
resultados sdatisfatorios, efetuou-se a filtragem dos
dados onde a anticorrelacéo Oz6nio x UV-B tornou-
Se mais evidente.

Na Figura 4, pode-se observar a tendéncia oposta
entre os dados da Coluna Total de Ozbnio em
Unidades Dobson (UD) e Poténcia de Radiagcdo UV-
B em W/m?, ao longo do ano 2000, sendo aplicada
uma média corrida de 20 pontos para suavizacao dos
dados.

Para uma melhor andlise dos dados apresentados
no grafico da Figura 4, foram caculadas as
variagbes  percentuais das duas grandezas
comparadas. Essas variagbes sdo  obtidas
relacionando os valores de cada dia com a média do
periodo em estudo. Isso pode ser melhor ilustrado
pelas relactes abaixo:

DOz()nio = ( OSDia_OSMédia)* 100/ OSMédia

DUV_B - ( UvDia_ UvMéjia )* 100/ UvMédia

Nestas expressdes, Doganio € Duv.s representam os
desvios diarios relativos a média para Ozbnio e
Radiagdo UV-B, respectivamente, em percentagem;
0;”? é 0 dado di&io do TOMS em Unidades Dobson
e UVP? é o dado did&rio do Radiémetro UV-B em
angulo solar fixo de 55° em W/m 2 e O"®42 e yyMéda
s80 as médias de Coluna Total de Ozbnio e Radiagcéo
Ultravioleta B, respectivamente, para o ano de 2000.
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Figura 4: Curvas de Ozbnio e Radiacdo UV-B (280-
315nm / SZA 55°% — Médias corridas de 20 pontos.
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A Figura 5 apresenta as variagbes percentuais
caculadas pelas relagdes mostradas, tendo sido
aplicada uma suavizagdo por média corrida de 20
pontos.
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Figura5: Gréafico apresentando as variagtes
percentuais de Ozonio e UV-B (280-315nm /55°).

Conclusdes

Reducbes de Ozbnio edtratosférico podem
acarretar aumento na incidéncia de radiacdo
Ultravioleta do tipo B, como observado em diversas
pesquisas, bem como neste trabaho. Para
exemplificar, no dia Juliano 240 do ano 2000, a
variacdo percentual de Ozonio em relagdo a média do
periodo foi de +10,38%, acompanhada por uma
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variacdo em UV-B de -13,72%. Para esse dig, em
particular, houve uma boa aproximacdo com o0s
dados disponiveis na literatura.

Veificou-se ainda, a grande influéncia da
cobertura de nuvens sobre o conjunto de dados,
levando a filtragem dos mesmos, bem como a
dependéncia sazona da Radiacdo Ultravioleta,
fazendo com que fossem tomados dados de UV-B
em angulo solar fixo.

Com a finalidade de avdiar a qudidade da
anticorrelacdo existente entre as duas grandezas, foi
caculado o coeficiente de correlagdo. Outros
estudos semelhantes foram realizados por Basher
R.E. et al, 1994, Kerr J.B. et al, 1993; Bojkov R.D.
etal, 1995; Kirchhoff et al, 2000.

Com a utilizagdo de um angulo solar fixo (SZA —
Solar Zenith Angle), que €limina o efeito da
geometria de observacdo do Sol, e da filtragem de
dados, que diminui o ruido provocado pelas nuvens,
possibilitaran um aumento no coeficiente de
correlacdo, de aproximadamente R= -0,2, para 0s
dados brutos, a R= -0,67 para os dados reduzidos. O
sind negativo evidencia o comportamento de
anticorrelacdo.

Na Figura 6 pode-se observar a relagdo oposta
entre as duas grandezas andisadas e o vaor do
indice de correlacao, representado por R.
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Figura 6: Gréfico Ozonio (UD) vs. Fluxo UV-B
(W/m? — 280-315nm — SZA 55°)
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ESTUDO DA INFLUENCIA DO TIPO DE SOLO SOBRE OS RELAMPAGOS

NA REGIAO SUDESTE DO BRASIL

Maria Aurora S. S. Gomes, Osmar Pinto Jr., lara Regina C. de Almeida Pinto — INPE

RESUMO

O objetivo deste trabalho € verificar se existe
alguma evidéncia da influéncia do tipo de solo
sobre os relampagos. O trabalho consiste na
andlise das caracteristicas dos reldmpagos
detectados, durante um periodo de oito anos
consecutivos, na regido sudeste do Brasil,
delimitada pela latitude variando de 18° a 21° S
e longitude variando de 43° a 47° W. Para efeito
de estudo essa regido foi dividida em 1728
pequenas regides de 9 km x 9 km , onde
predominam 14 tipos de solos diferentes. Na
literatura cientifica sdo poucos os trabalhos
publicados a respeito da influéncia do solo
sobre o comportamento dos reldmpagos, e
geralmente sem base cientifica consistente. O
resultado da andlise dos dados, revela um
aumento considerdvel na quantidade de
relampagos negativos detectados no tipo de solo
latossolo ferrifero (LFE), conforme fig. 2. A
interpretacdo  cientifica do aumento da
quantidade de relampagos negativos nesse tipo
especifico de solo continua sendo investigada.

INTRODUCAO

Este é o primeiro estudo realizado no Brasil
sobre a influéncia do tipo de solo no
comportamento dos reldmpagos. Na literatura
cientifica pertinente a influéncia do solo sobre
os relampagos, Kindermann (1997), sugere que
a intensidade dos relampagos pode depender da
condutividade elétrica do solo, porém a
dependéncia dos parametros dos relampagos
com a condutividade elétrica do solo é matéria
controvertida. Fernando et al. (1998),
analisaram o comportamento de vdrias
tempestades ocorridas na Suécia durante 1997, e
concluiram que os relampagos gerados no mar
eram mais fortes em relacdo aqueles gerados na
terra. Mais tarde Galvan et al. (1999),
analisaram dados de tempestades ocorridas na
Suécia, no periodo de 1990 a 1997, e mostraram
que ndo existe diferenca entre os relampagos
gerados na terra ou no mar, quando aplicadas as
corregdes aos efeitos de propagagdo dos campos
de radiacdo dos relampagos de acordo com a

condutividade do meio onde se propagam.
Kamra e Ravichandran (1993) estudaram a
influéncia da resistividade do solo sobre o
campo elétrico atmosférico produzido pela
nuvem. Segundo Chauzy (1999) o efeito
diferenciado do solo sobre os valores dos
campos elétricos préximos ao solo, influencia a
quantidade de carga corona do solo que alcanga
a base da nuvem pelos processos de conducio e
conveccdo durante o tempo de vida da nuvem
de tempestade.

METODOLOGIA E RESULTADOS

A regido de interesse para esse estudo, Fig. 1.1,
foi escolhida de modo que a precisdo na
deteccdo e localizacdo dos relampagos, pelo
sistema Ligthtning Positioning and Tracking
System (LPATS) da CEMIG, fosse a maior
possivel. Para garantir uma andlise estatistica
confidvel dos resultados e permitir um estudo
mais discretizado, com condicdes
meteoroldgicas uniformes no decorrer de um
periodo de tempo de oito anos consecutivos, a
regido de interesse foi subdividida em 1728
pequenas regides de 9 km x 9 km.. Os
parametros caracteristicos  dos reldmpagos
foram analisados levando-se em consideragdo
vérias faixas de altitudes e foi constatado um
aumento da quantidade reldmpagos negativos
nas regides onde predomina o tipo de solo

latossolo ferrifero (LFE). A interpretagdo
cientifica desse resultado estd sendo
investigada.

CONCLUSAO

Os resultados indicam uma maior ocorréncia de
reldmpagos negativos em regides onde o tipo de
solo predominante é o latossolo ferrifero. Isso
sugere que esse tipo especifico de solo exerce
maior influéncia sobre os relampagos.
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Fig. 2 — Grafico do nimero médio de relampagos negativos em fung¢ao do tipo de solo para altitudes
entre 750 e 1.000 metros.
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Abstract

The unpredictaility of the poirt to be stroken by an
atmosphed discharg maks the understandg of
mary importart physicd processe a difficult task.
This is kecaus maty phenomea ma only ke inte-
pretad with the ad o measuremesttakae nearly the
lightning channel Fao example the interactio be-
tween the lightning curren and systers suf as ele-
trical networks a wdl as the induced tensiors may be
comprehend#® only unde analyss d data obtained
nea the striking point The stdy of properties and
effects relate to clos lightning kecane moe praci-
cd and dficient with the intradudion o techniques
for triggering lightning. Thoe method involve the
employmen of smal rockes attaché to cordudive
wires noving towards a thunderstom cloud. The
condutive wires mg be dther groundel a un-

grounded praducing different types d discharges.

The man objedive d this wok is 1o stdy the phy-
ics associat to triggere lightning, providing cond-
tions © a beter knowladge d the propeties d natu-
ral (spontaneoysatmosphed dischargesTriggering
method wee alreag employa in Frarce U.S.A,
CanadaJapa and China In Brazl the firg induced
lightning wee obtainel by the Amosphei Electric-
ity Graup (ELAT) in cdlaboraion with UNICAMP
from Brazil, CNRS/WPS fraon Frarce IREQ from
Canada ard the companie INDELEC from Frarce
and MAKER from Brazil.

Introduction

The atificial control d atmosphere discharge is a
technige increasingl employal to understad the
physicd processe responsild far the radiation
fields cloe © the lightning channelas wdl as the
effecs o thes fields an lightning proecion.

The firs swccessfliexperimens pralucing in-
duced atmosphed discharge with the rocket-and-
wire tetinique were coduced aoard a shp in
1960 Nowadayg the triggere lightning research
employs sSmilar methods bu the rockes are
launchel from platforrs locatel on earth The first
triggering over ground was acompished in 1973.
Atmosphere discharge mg be induced by means
of the fag introdudion o a cordudive wire in the
strorg ekectric field o a thunderstorm The two
method tha emplgy rockes fran which conductor
wires ae unsjpoled are cdled Classicd Triggering
and Altitude Triggering The firg involves a
groundel wire while tre later makes usag d a non-
groundel conductor.
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Classical Triggering

The Classica Triggerng is the mos effective
methd for triggerirg lightning The clow charg is
indiredly sensd by measurig the electric fietl at
ground In Brazil values fran -8 to 411 KV/m are
goad indicators d favorabke condiions far lightning
indudion. Howeve othe factors sut as the general
trend of the ekctric field and the frequeny of natu-
ral lightning are al® important In good conditions
for launchig the electric fietl mug na fluctuae o
rapidy and the accurence d naturd discharges
mud na be o freguent since the a@mospheric
electric field is likely to be reduced in the presence
of a naturd lightning befoe the rocke rises o a
height suficiert for inducing.

A postively chargel leade propagate upward
towards a thunderston cloud when tle rocket as-
cendirg & abou 200m/s reache a altitude d ap-
proximatey 300 m This discharg is causd by the
enharcemen of the electric fietl nea the tip o the
rocket The pogdtive leade vaporize the traling
wire ard estabshesa long-tem currentcdled initial
continuows curretn (ICC). This currem has the order
of hundred d Ampeéres and dfectively transports
negdive charge frm the charge centeof the claud
via the wire trace d the triggerirg apparatusAfter
the cessdion o the ICC thee isa no-currehinterval
followed by one a more downwad negative
leader/upwatt retun strole sguerces The ICC pe-
riod ard the retun stroke ae strongy luminous.
Figure 1 shovs the Classicd Triggering Figure 2
contairs a typicd currert signatue d lightning trig-
geral by this method.

Natural !
channel
{10
v mis
1

~100.000
mis

|

\
.
+ !
+

+

Wire- !

Copper | yrace |
200mlsl e | channel !
1

300m
fom, % -

128 (hundreds (tens of ms)
Ascending Upward of ms)  No-current Downward Upward
rocket  positive interval  negative  return
leader IcC leader stroke

——

Figure 1 — Classicd Triggerirg (adaptd from
Rakoy 1999).
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Figure 2 - Current signature of a classcal trig-
gered lightning (Rakov, 199).

The negative leaders and following return
strokes in classcd triggered lightning are smilar to
the same processes in natural discharges. However
the initial processes in natura lightning are re-
markably different. In spontaneous lightning occur-
ring between cloud and gound the first return stroke
precales a long-term current (continuous current)
and the no-current interval before the first stroke
does nat take place In discharges induced by the
classcal method the ICC comes before the first re-
turn sroke and there is a period of current zero be-
forethefirst return stroke.

Altitude Triggering

In Altitude Triggering the wire that is trailed by the
rocket is ungrounded. The rocket ascends at 200 m/s
releasing about 100 m of copper wire followed by
some hundreds of meters of kevlar (insulator) cable.
Thereis often a third intercepting conductor wire of
about 50 m, which has the function of “leading” the
discharge to the triggering facility. The lightning
may also go to the soil or to lightning rods, which in
this work were ingdled in the triggering site for
testing purposes.

A bi-dirediona leader characterizes light-
ning triggered by this technique. The upper leader
transports positive charges to the doud and the
lower leader caries negative charges downwards.
As the negative leader approaches the ground an
upward conneding leader is initiated either from the
soil or the triggering facility. Once the dtachment is
made the first return stroke isinitiated. As the return
stroke spedl is two o three orders of magnitude
higher than the bi-diredional leader spedl, thereturn
stroke soon catches up with the upper tip of the

positive leader (within about 10 microseconds). The
ICC follows the first return stroke and one or more
sequences of downward leader/upward return stroke
take place Thus the first return stroke and the sub-
sequent grokes are digtinct in dtitude triggered
lightning. This method provides lightning smilar to
natural cloud-to-ground atmospheric discharges in
initid gtages. This technique is often employed to
test lightning rods and transmisson lines shielding.
Figure 3 shows a schematic representation
of the eledric field deformation for bath techniques.
It can be noticed that the dedric field becomes in-
tensified in two distinct heights during the altitude
triggering, due to the ungrounded copper wire.

Classical

Figure 3 — Eledric field deformation rep-
resented for bath techniques.
Figure 4 represents the Altitude triggering.

Figure 4 - Altitude Triggering (Rakov,
1999.
The International Center of Cachoeira Paulista

The International Center for Lightning Research and
Testing (ICLRT) is a site dedicated to natural and
triggered lightning studes. It is located insde the
Nationa Ingitute for Space Research (INPE) campus
at Cachoeira Paulista (S22°41.2; W 44°59.0; altitude:
625 m). The ICLRT is congtituted besically by an
elevated platform with arocket launcher, with cgpac-
ity for 12 rockets, surrounded by a system of light-
ning rods. A laboratory is located a 50 m from the
rocket launcher which contains instruments for the
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obtention of parameters of the close lightning chan-
ne. Another laboratory within 1.250 m from the
platform contains more ingruments for large range
measurements. The methods employed for inducing
atmospheric discharges are the Altitude and Classcal
Triggering.

The main instruments are: cdibrated “field
mills’ to sense the DC eledric field a ground, an
antenna system to measure the eledric and magnetic
fields of the lightning, magnetic il s, resistive shunts
and magnetic cads to provide airrent measurements,
fast and VHS cameras and sound sensors. The CE-
MIG (Energetic Company of Minas Gerais) network
monitors the thunderstorms over the Brazilian South-
east anda TSS430 sensor provides information about
neaby storms. Figure 5 contains a schematic repre-
sentation of the triggering site.

@ Camera

Camera
Ejection
tubes with
" rockets

ﬂ I
w Launching platform
!

|

| e
50‘m

|

Laboratory

C I
[ Ze——

Generators

Camera @

Field D
ml | ©

Figure 5 - Schematic representation of the
ICLRT.

Preliminary Results

The firg induced atmospheric discharge in Brazil
happened on February 16 2000, during the summer
campaign of 19992000. During the summer cam-
paign of 2000/200L aher five lightning were trig-
gered. The dedric field at ground was measured by a
calibrated “field mill”. Twenty-one rockets were
launched thus the success rate was of about 35%.
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Figure 6 shows a photograph of a triggered lightning
achieved in Cachoeira Paulista by the Altitude Trig-
gering. The two typical paths produced by the tortu-
ous leaders can be distinguished. The straight part
corresponds to the vaporized wire.

Figure 6 — Triggered lightning, November
2000

The dedric field at ground is an important
parameter for making the dedsion of launching or not
one or more rockets. However the experiment may
be unsuccessful even if the static field is high, due to
instability of the field, high eledrical activity or me-
chanical probems. Table | shows the type of the
experiment (Classcd or Altitude), the dedric field
values for each experiment and the number of return
strokes of each triggered lightning. The return strokes
may be detected in current signatures as shown in
Figure 2. Figures 7 and 8 show a typical signature of
the DC dedric field when the experiment succeels.
Both Figures show the pergistence of the high field, a
condition necessary for launching. Figure 7 contains
the arve of the dedric field typically achieved when
the lightning is dtitude triggered. The etra increas
ing of the field due to the downward negative leader,
illustrated in Figure 3 can be dearly noticed. When
the dischargeisinduced, thereisafast deaease of the
field on ground (observable in bath Figures 7 and 8
owing to the discharge of the doud. The field usualy
recovers its high negative value, making either other
inductions or spontaneous lightning possible.



TABLE | - Some parameters achieved.

#

Triggered Lightning in Brazil

# | Altitude | DCE- | Triggered | Num
(A) or field (M/not | ber
Class- | (kv/m) | triggered | of
cal (C) (NT) strok

es

0 A -5.2 T 3

1 A -12 NT -

2 A -10 T 6

3 A -11 T 5

4 C -9 NT -

5 A -10 NT -

6 A -11 NT -

7 C -11 NT -

8 A -11 NT -

9 A -105 T 2

10 A -11 NT -

11 C -8.0 T 1

12 A -5.7 NT -

13 A -8.3 NT -

14 A -4.5 NT -

15 C -7.2 NT -

16 C -8.0 NT -

17 A -9 NT -

18 C -8.5 T 6

19 C -8.9 NT -

20 C -6.3 NT -

21 A -6 NT -

Figures 7 and 8 correspond to flights 3 (alti-

tude) and 18(classcal), respedively.

20 4
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54
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5 4
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Electric field at ground (field mill)
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due to
lightning <

15 4
-20
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due to
_neg.
— leader

Local Time

18:25:55 18:25:56 18:25:58 18:26:00 18:26:01 18:26:03 18:26:05

Figure 7 — DC eedric field.

FLIGHT #18
Hectric field at ground (field mill)

19154019 1557 19 1602 19 161219 1823719 1634719 1845 19 1655

time

Figure 8—DC eedric field.

Figure 9 contains the signature of the dedric
field of the lightning induced during flight number
18 This is a typical curve of a clasgcal triggered
lightning.

ELECTRIC FIELD -TRIGS

DT

T T 1

-50 50 100 150 2?0

E (V/im)

TIME (microsec)

Figure 9 - Eledric fidd o a classcal triggered
lightning.

Conclusion

The preliminary results of the first campaigns of
lightning induction lead to the @nclusion that the
ICLRT is adequete to provide very useful informa-
tion about natural and triggered li ghtning.
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Flutuacoes de Pressao e Umidade
em Salvador, Bahia: uma Analise Espectral
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Abstract

We study here the periodicity of pressure and hu-
midity in the city of Salvador, Bahia, Brazilian
northeastern.  The available time series have
monthly samples during a period of 30 years, thus
resulting in 360 samples. The spectral analysis in-
dicates a strong preference for the year basis vari-
ation (1 cicle per year) both for pressure and hu-
midity. The six month component is also strong (2
cicles per year).

Introducao

A variabilidade climatica interanual no Nordeste
do Brasil, tem sido abordada sob varios aspectos.
Markham (1974), registrou um periodo préximo
de 13 anos para precipitacao em Fortaliza, Ceara.
Hastenrath and Kaczmarczyk (1981), mostraram
que a variabilidade de precipitacdo no NE do Bra-
sil estava concentrada em diferentes regides e prefe-
rencialmente nas faixas de 2,5; 5; 10; e 13-21 anos.
Essa variabilidade era vista como resultado da va-
riacdo dos padrbes de circulagdo em grande escala
no Setor Atlantico tropical do Brasil. Kane (1998),
mostrou que as caracteristicas das chuvas no NE
Setentrional e Oriental eram préximas, mas dife-
riam consideravelmente das chuvas no NE Meri-
dional. O NE Setentrional apresentou periodicida-
des em 2,03 e 2,45 anos, enquanto o NE Oriental
periodicidade em 2,26 e 2,60 anos enquanto o NE
Meridional ndo apresentou oscilacdo quase-bienal
significativas. Kane (1998), acredita que a osci-
lacdo quase-bienal e as caracteristicas de precipi-
tacdo e humidade no NE do Brasil estejam relacio-
nadas & paradmetros do Atlantico (temperatura da
superficie do mar, pressdo e ventos). Em Bastos et
al. (1999) abordamos a andlise espectral da pre-
cipitacdo e da temperatura média para o mesmo
periodo de tempo.

Coleta e Analise de Dados

Foram utilizados no desenvolvimento desse traba-
lho dados coletados e de responsabilidade do Insti-
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tuto Nacional de Meteorologia (INMET). Eles fo-
ram adquiridos junto ao IV Distrito do INMET,
sendo coletados na Estacdo de Salvador, que se lo-
caliza a bl,41 m de altitude, e com as seguintes
coordenadas: 13° 01’ latitude sul e 38° 31’ longi-
tude oeste. Os dados disponiveis sdo: temperatura
(minima, média e méxima), precipitacdo, pressdo,
umidade relativa, insolacdo e evaporagdo. Nesse
estudo abordaremos os parametros climaticos de
pressdo e umidade. A Figura 1 mostra a curva de
pressdo (em hPa) em func¢do do tempo, num inter-
valo de 30 anos (1961-1990). A umidade (em %)
estd indicada na Figura 4 no mesmo intervalo de
tempo.

Analise Espectral

As séries temporais sdo analisadas no dominio da
frequéncia através da transformada de Fourier.
Sendo a série representada pela funcdo genérica
f(t), a sua transformada de Fourier é

+ o0

FLf®)} = F(w) = / (et dt.

— 00

As séries temporais disponiveis ndo sao
fungbes continuas e sim um conjunto de valores
discretos. Dessa forma faz-se uso da transformada
discreta de Fourier ou do ponto de vista computa-
cional da transforma rapida de Fourier ou FFT, do
inglés (Fast Fourier Transform).

O numero de amostras para o periodo de 30
anos é N = 360. Portanto cada ano tem 12 amos-
tras, ou At = 1/12 ano. O intervalo de freqiiéncia
é portanto

1

1
AF = NTAT T 360-(1/12)

=0, 0333 ciclo por ano,

sendo a frequéncia de Nyquist

11
2 At 2-(1/12)

= 6 ciclos.

fv =

A frequéncia de Nyquist, também chamada de
frequéncia de dobramento é a freqiiéncia cujo va-
lor é metade da frequéncia de amostragem. As
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freqiiéncias maiores que fy falseiam, isto €, se con-
fundem com as freqiiéncias mais baixas tornando-
se portanto ndo distinguiveis, caracterizando a si-
tuacdo de ambiguidade.

Aplicando a FFT na série temporal da Figura
1, obtemos a Figura 2, que é o espectro de ampli-
tude [A(w) = y/RealF(w)? + Imag.F(w)?], onde
é F é uma funcao complexa e a transformada de
Fourier da série temporal dada genericamente por
£(t).

Na Figura 2 vemos que existem duas compo-
nentes que se destacam: uma componente anual, de
1 ciclo por ano, e uma outra de menor intensidade,
de natureza semestral (2 ciclos por ano). A titulo
de tentativa os dados no dominio da freqiéncia fo-
ram filtrados por um filtro convolucional, eliminan-
do componentes espiirias. Aparentemente além das
duas componentes citadas nenhuma outra se desta-
ca.

Situacao semelhante se apresenta na Figura 5
que € o espectro de amplitude da Figura 4 (umida-
de). Vemos que as duas componentes de maior in-
tensidade sdo também de 1 e 2 ciclos por ano, equi-
valendo respectivamente a uma periodicidade anual
e semestral. No que tange a pressdo, além das duas
componentes j4 mencionadas verifica-se uma com-
ponente considerdvel em 0,067 ocorréncia/ciclo, o
que corresponde & uma periodicidade de 15 anos.
Note que a amplitude nessa freqiéncia, cujo valor é
43,50, é préxima da amplitude para a frequéncia de
2,0 ocorréncias por ciclo (periodicidade semestral),
cujo valor € 50,55. Esse iltimo evento ratifica a
observacao ja mencionada na literatura, de eventos
com periodicidade em torno de 14 anos.

Conclusoes

Os espectros de amplitude das séries temporais de
pressdo e umidade obtidas de dados fornecidos pela
Estacdo Meteorolégica da cidade de Salvador, para
um periodo de 30 anos (1961-1990) foram analisa-
dos resultando nos espectros apresentados nas Fi-
guras 2, 3, b e 6. Observa-se nos casos estudados
uma forte compomente anual dos parametros ana-
lisados, e em intensidade menor uma componen-
te semestral. Observa-se que no caso da pressdo
uma componente significativa para uma periodici-
dade em torno de 15 anos.
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Figura 1: Pressdo (hPa) em Salvador, Bahia, no periodo 1961-1990.
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Ionospheric Plasma Bubbles over South
America: Scientific Studies and Evi-
dences of their Interference in Telecom-

munications
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sa Espaciais S Jog dos Canpos Braal

Abstract

The large scaksize ionospheric plasma defss, or
plasna bibbles are naturbphenomea thd occu in
the lowlatitude nocturnhionosphert F-region They
severegy interfere in telecanmunicaions including
thos via satélite. The fad that thg are see to prac-
ticdly not occu outsice the intestropicd region
perhap mg explan why some d the teleconmuni-
caions companies frm abroa which operag in the
Brazlian teritory, ard tha sufered sevee sgnd
degradéon cause by the bibbles wer totdly un-
awae d the causs d their signd degradation The
ionosphert bwbbles ae genera® by a manete
hydrodyname instalility of the ionosphed plasma
namely the Raylegh —Taylor instablity . Ther occur-
rerce irtiates jug after sunse ard ther frequeng of
occurerce 5 highly seasonhand a fundion of the
sola adivity, as will be discissel later The iorp-
spherc bubbles hae be@& extensivel moritored
ove the Souh American region for more than two
decades through opticd tedhniques (Webe & al.,
1978 Sobrd et al. 1980a,h 1999 Sobrd and Abdu
1990 Sahai et aJ 2000 Fagundes & al., 1995) ra-
diofrequeny saundings (Woodman ard LaHoz
1976 Abdu & al., 1998 Sobrd et al, 1997 ard
rocke saunding (Abdu & al., 1991, LaBelle 4 al.,
1997) S alo the reviev pape by Abdu (2001) ard
refererces therein.

Figure 1 shove the geographidaextension of
the bibble sgnaturs on the A 630rm nocturné
airglov emssin layer This imag wa obtaine
through a CCD image operding & Cachoeia Pa-
lista ard the length scales o the area moaitored in the
sky are & explaind in the caregpondig figure ca-
tion. The enitting laye of the rel A\ = 630 nn)
atomic oxygen airglow is a laye of approximatey 40
km o heght range centere & an dtitude d ap-
proximatey 250 km Figure 1 shove tha the aea
coveral by the bubbles is qute extendd and n faa
the bibbles ae sea to occu over the enire Brailian
region The bibbles ae highly field-aligned and mg
read transequatorid dimensions The reasa why
the bbbles ae dignad with the geomgndic field
lines is tha the electrichconductivity along the field
lines is vey high.
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The whitish patern inside the smber circle is
the red O 630 mM airglov whose intengy typicdly
varies from a few ters © a couple 6 hundred o
Raylegh whee 1 Raylegh is equato 16 photors
cm? s'sterad’. The dak fingerlike stris insice the
circle are bbbles footprints in the airglav ermiting
layer.

Figure 1 - lonosphei plasma bhbles footprins in a
red image d the A 630 mMm nocturnaairglow ove
the region of Cachoeia Palista, Brazl, obtainal on
March 18, 1999 2330 LT, by a digtal (CCD
techique imager operatd by INPE The circke
shown in the image ha radits 1600 km ard repe-
sert areas & 250 kn of altitude, whee the airglov
emitting laye is approximatey located The airglov
appeass in the image a the whtish cola inside the
inner circle ard the ionospheric plasma bbles ae
the dak fingers insice the witish color. The iorp-
spherc plasma bhbbles ove the Brailian teritory
were detectd for the first time by the INPE iono-
spherc growp thraugh a A 630 M <canning plo-
tomete sydem in the 19761977time frame

The bibbles typcdly mowe eastwarsl ard ex-
pard upward as thg move reachnhg apexs (the
maximum hepght of a geomgndic field line) tha
may excead 1500km. They may las ove the ertire
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nocturnal period hut their occurrence is typicdly
more frequent between sunset and midnight. Their
occurrence is highly seasonal and dependent on the
level of solar adivity as it cen be dealy seenin Fig-
ure 2. This figure shows the frequency of occurrence
as afunction both of season and of low, high, and low
plus high solar adivity levels.
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Figure 2 - Frequency of occurrence in percentage, of
the plasma bubbles observed over Cachoeira Pauli sta:
(a) the ommplete 22-yea period, 19771998 with a
total of 934 nights of observation; (b) high solar
activity period, 19781982 19881992 tota of 442
days and average sunspot number 129.9; and (c) low
solar adivity period, 1977 19831987 and 1993
1998 total of 492 dhys and average sunspat humber
33.1.

The occurrence probability of the ionospheric
plasma bubbles is a relevant information for the
study of the post-sunset ionospheric dedrodynamics.
It is now well known that the sunset enhancement of
the zonal eledric field, that is, the pre-reversal elec-
tric field enhancement (PRE) is perhaps the most
basic of the anditions that determine the post-sunset
plasma bubble development. This arises from the
interadion of thermospheric wind with the longitudi-
nal gradient in ionospheric conductivity that exists

aaossthe sunset terminator. The degreeof alignment
of the geomagnetic meridian with sunset terminator
that vary with longitude and season can produce or-
responding modulations in the PRE and hence in
plasma bubble occurrence probability. In particular,
the geomagnetic field dedinations over the Brazli an
region, (~20° W) which is a global maximum around
the eath’s tropica region, causes sich alignment and
consequently sunset eledrodynamics conditions to be
digtinct from other longtude sedors, such as the
Peruvian sedor, with lower magnetic dedination
(~4°E). Significant difference in seasona pattern of
spread-F/bubble occurrence between Peruvian and
Brazli an longitude sedors was observed by Abdu et
al., (1981 that was attributed to the differencein the
pre-reversal enhancement eledric fields arising from
the different magnetic dedination angles that charac-
terize these sedors, which provided a first order ex-
planation for the longitude dependent seasonal varia-
tion in spread-F occurrence in the American longi-
tude sedor. Magnetic dedination control of the sea-
sonal dependence of irregularity occurrence on a
global basis, based on radiowave scintill ation data,
was $own by Tsunoda (1985. A detailed study on
the comparison between the frequency of occurrence
of the range spread-F in the Argentine (Tucumén) and
the Brazlian (Cachoeira Paulista - CP) sedors was
presented by Abdu et al. (1999. Batista & a. (1986
compared bah modeled and experimental results on
the PRE, during a solar maximum period, a two
South American stations, Huancayo in Peru and For-
talezain Brazil .

One of the main motivations for carrying out the
present study was the eistence of a large observa
tional data base of about 934 days aaquired during the
course of 22 yeas, or two complete solar cycle peri-
ods, of the aomic oxygen OI630 nm nocturnal air-
glow data over Cachoeira Paulista in Brazl. Another
motivation is that the 630 nm airglow is known to
present very clea bubbles footprints, or signatures, in
the drglow intensity, in the shape of depletion
patches in the dl-sky imaging data (Weber et al.,
1978, or valleys in the drglow profiles obtained
from anguar scan photometric measurements (Sobral
etal., 1980,b).

The occurrence of the bubbles depend also on
the magnetic adivity. Most often the bubble forma-
tion is inhibited during the occurrence of magnetic
storms because of the adion of disturbed equatorward
winds which subrotate & they travel equatorwards
becwming westwards at low latitudes and inhibiting
the adion of the eatwards winds that normally con-
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tribute to the formation of the plasma bubble. The
bubble can be also triggered by sudden rise in the
ionospheric F-ayer due to penetration electric fields
originated by magnetospheric convection process.
Figure 3 shows the dependence of the frequency of
occurrence of the bubbles as a function of the geo-
magnetic index Kp integrated over the local time
interval of 03-15h. This figure clearly shows a ten-
dency of frequency of occurrence decrease with the
magnetic activity index Kp.
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Figure 3. Frequency of occurrence of the plasma
bubbles over Cachoeira Paulista as a function of the
three-hourly Kp values summed over the time interval
of 0345 LT.
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Figure 4 - Same as Fig.3 except that the Kp time
interval here refers to 18-21LT.

The results of Figure 9 in which is considered
the magnetic activity occurring during the same local
time window (1821 LT) as that of the majority of
bubble occurrence. In this case for Kp > 5 there is a
positive dependence of bubble occurrence on mag-
netic activity. This aspect would suggest that the
effect of prompt penetration electric field is statisti-
cally to increase the occurrence of the post-sunset

1402

bubbles as discussed earlier. Cases of enhanced dis-
turbance eastward electric field that occur superim-
posed on the normal F-layer dynamo zonal electric
field has been reported by Abdu et al.(1995) as aris-
ing from magnetic disturbances (based on local mag-
netograms) occurring at sunset hours. Such cases
should cause enhanced bubble occurrence so that the
positive dependence of bubble development on mag-
netic activity seen in Figure 4 is consistent with such
results. Figure 4 shows for Kp < 5 a negative depend-
ence of bubble occurrence. These Kp values seem to
be continuations of the earlier magnetic activity so
that the disturbance dynamo electric field arising
from such activities produce negative effects on pre-
reversal zonal electric field (Abdu et al., 1995) and
hence on bubble development.

The degree of plasma depletion inside the bub-
bles is variable and may reach more than 90% deple-
tion. Figure 5 shows electron density profiles as ob-
tained by by rocket experiments in the Brazilian re-
gion.
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Figure 5 - Electron density profiles presenting elec-
tron density bubble bite-outs, or irregular decreases
on the electron density, as obtained from rocket ex-
periments at Alcantara and Natal, shown at left and
center of this figure, respectively. The right hand side
profile was obtained during daytime and conse-
quently does not any present bubble signature.

The interference of the bubble on telecommuni-
cations has been amply verified over the Brazilian
territory, but they are not as frequently reported in
scientific journals as their morphological and dynam-
ics aspects of the plasma bubbles are. Pinhel has
recently monitored radio scintillations in the Brazil-
ian satellite Brasilsat B2 (4GHz) or C-band.
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Lightning Characteristics in the Southeastern Region of Brazil: 1999-2000
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Abstract

Studies m lightning characterigcs hae bea pe-
formed in Brazl since 983 using lightning locton
systens (cdled hee SLT) In this wok the lightning
characteriscs in the southeastar region o Brazil
during summe ard wintg of 1999 ad 20® were
analyzed Ove a nillion amosphert discharge were
registerd by the SLT systen ownel by CEMIG
(Companha Energétia &¢ Minas Gerais) The main
objedive was b detemine the mean values far sum-
mer and winte of four bast parametersthe percetr
age d postive lightning, the pe& current the muli-
plicity, and the pe& current of single ard multiple
lightning dischargeslt was concldel tha the peak
currens d negatiwe lightning are less intene than the
pe& currens d postive dischargesHowever the
negdive lightning hawe a greate numbe of return
strokes with a mean valle d 1.74 while in postive
lightning the mea valwe d strokes is 105. Negdive
discharge terd to ke more intenseni summe with a
mean pe& curret of 36.9kA The correspondent
winter value is 29.9kA Pogtive lightning presenhan
invere behavio with a mea valle d 46.9KA in
sunme and 505kA in winter It was observe that
single lightning (oth postive ard negdive) were less
intene than the firg retun strole d multiple light-
ning.

Introduction

The greanumbe of lightning in Brazi - which in-
crease durng sunme - and the high deah rates
caused by lightning hae mdivated the development
of pioneea studies dou the geographic distrittion,
physicd and seasoracharacteriscs d the atma-
pheric discharge in this country Lightning locdion
systens provide informdion aou large continental
areas paticularly over populated regiors [Pinb Jr. et
al. 196, 1999 200Q Pint & al. 1999 2000} How-
eve the daa use in thoe earlie works wee aguired
when the S.T had a smal numbe of sensos without
the advance featurs availabé now Thos limitations
restrictel the wverag aread the Minas Gerais State
only and reduced the detetion dficiency ard the lo-
cdion precision o the system The SLT has recently
been upgrade with mary technologichimprovements
combinel to a significarn increag d the netwok cov-
erage beirg nav able o provice mud more accurate
dat within a mud large cortinentd area Thoe im-
provemens hawe mdivated the realizatio o new
studies d the characteristi d lightning in the soub-
easten regio o Brazi aiming © complementhe first
resuts achievd on eatier works.

Generally a lightnng locdion netwok is use to
deted the existewe d lightning discharge ard pre-
cisely identify the locdion whee the claud-to-ground
(CGQ) lightning ha struk the earth This is acan-
plished throudn the use & multiple, remoe sensors
tha deed the electromagrtec signas emittel by the
discharge and filter out the signas$ fram non-lightning
souices Ead sensodetcting a lightning evert sends
the data bou that evert to a centr& processirg sy
tem, known as Advarced Po#tion Analyze (APA).
The APA cdlect the daa fran eat sensarcompares
the ime the evem was recordel by ead senspto en-
sure thd the dad gplies o the sane evem and them
mathemégcdly conputes the precie locdion o the
CG lightning In addtion to the locdion, severaother
descriptive characterttcs d ead lightning evern like
pe& currert ard mutiplicity are recorded.

The SLT is compose by a hybrid netwok of 14
LPATS ard IMPACT sensos manufacture by Global
Atmospheris Inc (GAI) in USA The instdlation of
thee sens® was acompished by INPE, CEMIG and
FURNAS Centras Elétrica in 6 stats d the caintry
(Goids Minas Gerais S®& Paulg Parana, Ri de B
neiro and Espiito Santd as shown in Figure 1.

6,3(7S

INPE
CEMIG

O IMPACT

201
HBL0 o parsy

+ LPATSIII

Figure 1 - The SLT network area. The detached area
shows the limits of the studied region.

The LPATS sensa give informatian only on time
dat d the discharge ard the intengty of the electric
fields. The IMPACT sensorson the othe hand, are
alw abk o inform the diredion o the electromagrtee
radiation measumg the electrc field ard two ao-
thogon& componerd d the magngc field. All the
sensaos ae synchronize by GPS with a precisio of
abou 100ns The IMPACT anteanee al® hawe more
sophigicated criteria  far discrimination of non-
lightning evens ard intra-claud (IC) discharges.
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Lightning in Brazil: 1999-2000

Objectives and Methodology

The main objedive of the present work was to
verify the seasona variahility of lightning occurred in
the southeastern region of Brazil during the last two
years (199 and 2000, using data set of four distinct
periods. summer of 1999 winter of 1999 summer of
2000and winter of 200Q

In order to get data with a maximum grade of accu-
racy and quality, considering the intrindgc limitations
of the SLT, the analysis was limited to the aea inside
the network, which has approximately 965000 km?
and covers abaut the entire southeastern region, as il-
lustrated in Figure 1. This region has the densest and
most uniform distribution of SLT sensors providing
more predse and trustable information. The APA has
been set up with the most restricted configuration en-
hancing the qudlity of lightning information.

The physical parameters of lightning sudied were
multiplicity, percentage of positive discharges, and
peak current of positive and negative flashes, includ-
ing the single and multiple li ghtning separately.

Results and Discussion

Table 1 summarizes the CG lightning data in the
summer and winter seasons for 1999 and 2000. The
percentages of each polarity referring to the total num-
ber of events are highlighted in bdd. The number of
single and multiple flashes was aso computed to each
polarity. Table 2 contains the mean of the physical pa
rameters for bath periods.

Summer Winter

Single 539.430 | 61,09% 41.267 | 61,48%
Negative | Multiple | 343.603 | 3891% | 25.853|38,52%
Total 883.033 | 94,28% 67.120 | 77,01%
Single 51.280 | 95,66% 19.132 | 95,50%
Positive | Multiple 2.324 | 4,34% 902 | 4.50%
Total 53.604| 5,72% 20.034 | 22,99%
Total # of Flashes 936.637 | 91,49% | 87.154| 851%

Table 1 — Total number of cloud-to-groundflashes during
1999 and 2000.

Negative Positive
Summer | Winter |Summer| Winter
Mean Peak
Current (kA) -36.87| -29.91 46.89 50.50
Single Flashes Mean
-35.41 -28.48 46.35 49.68
Peak Current (kA)
Multiple Flashes Mean

-39.14 | -32.21 59.10 67.
Peak Current (kA) 777
Multiplicity 1.734 1.736 1.052 1.054

Table 2 —Means of physical parameters of CG lightning
for 199 and 2000.

Percentage of Positive Flashes

Table 1 shows that the percentage of positive
flashes is significantly greaer during winter reaching
23% againgt just 5.7% during summer (see Figure 2).
Those results agreewith Orvill e and Silver [1997] and
Orvill e and Huffines [1999], who presented data over
the @ntiguous United States from 19921995 and
19951997, respedively.

However Pinto et al. [1999 and Pinto J. et al.
[2000 have ohtained much greater percentages of
positive flashes in summer (about 30%) while the
winter values were doser (seeTable 1). Thereason for
these discrepanciesis the absence of IMPACT sensors
in the previous network resulting in a higher contami-
nation by intense IC discharges. The present system,
composed by a hybrid network with more modern sen-
sors and employing a more adequate @nfiguration of
the APA, achieved more accurate results in agreement
with the mean values of about 10% oltained by other
measurement techniques [Uman, 1987.

Peak Current

Table 2 shows that the negative flashes have an
18.9% more intense peak current in summer while the
positive flashes present an opposite behavior being
7.2% more intense in winter (seeFigure 3). Acoording
to Ogawa [1995] the negative flashes generally present
mean peak currents of about 30kA while positive
flashes tend to be stronger. Thereis dill no agreement
referring to typical values of peak currents for positive
flashes due to their great dependency on instrumenta-
tion, geographic location and season [Uman, 1987].

The results summarized in Table 2 are in partia
agreement with Orville aad Huffines [1999. In the
USA negative flashes do not show significant seasonal
variability over a year. The positive flashes, however,
present a greater variability with an intensity of about
34% greater in winter. The peak current mean values
in the USA are significantly lower for bath negative
and positive flashes. Negative lightning have a mean
peak current of 20kA and positive discharges have a
mean of 15.5kA in summer and 23.5kA in winter. This
can be eplained by the lower-latitude location of the
region studied in this work (22°S to 16°S) with resped
to the whole territorial area of the USA which is above
3C°N. Orville [199( and Pinto J. et a. [1997 have
shown that negative flashes tend to be more intense in
equatorial regions (between 30°S and 30°N) probably
due to geater cloud depths related to higher tempera-
tures.

The same behavior was already observed by Pinto
et a. [199, 2004 in Brazil but the mean values en-
countered presented some differences referring to 7a-
ble 2. Pinto e a. [1999 determined a higher mean
peak current of negative flashes in summer (42kA) but
a similar value in winter (29kA). Discrepantly the
positi ve flashes had the much lower mean peak current
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values of 22kA in summer and 19kA in winter. The
mean values calculated by Pinto et al. [2000] were
greater than those obtained by Pinto et al. [1999] but
still lower than the values shown in Table 2. Again the
lightning location network used by the latter suffered a
high contamination by IC discharges which are be-
lieved to be incorrectly classified as weak positive CG
discharges thus reducing the overall mean of positive
lightning peak current data.

Multiplicity

Table 2 shows that negative flashes have a greater
number of strokes (with a mean value of 1.7) in com-
parison with positive flashes (which have a mean
value of 1.05). The multiplicity does not present a sig-
nificant seasonal variation for both negative and posi-
tive lightning (see Table 2). Table 1 and Figure 4 also
shows a high percentage of single positive flashes
(about 96%) while the single negative lightning repre-
sent a lower percentage (about 61%). These results
agree with Pinto et al. [1997, 2000] considering both
seasonal behavior and absolute mean values.

However, using very accurate measurement tech-
niques, Rakov et al. [1994] demonstrate that the per-
centage of single negative lightning is of about 15%,
which is much lower than the results obtained with
lightning location systems. This fact also studied by
Pinto Jr. et al. [1996] and Pinto et al. [1999] reveals
the limitation of the SLT in determining precisely the
multiplicity of lightning flashes. Diendorfer et al.
[1998] have also obtained a high percentage of single
negative flashes (with a mean of about 40%) attribut-
ing this result to the deficiency of the SLT in measur-
ing the multiplicity. However this SLT limitation does
not significantly affect the data of positive flashes due
to their lower number of strokes. Diendorfer et al.
[1998] presented a lower percentage in comparison to
Table 1 due to a higher performance of the SLT em-
ployed in their work, which have a significantly better
efficiency on subsequent discharges detection.

Peak Current versus Multiplicity

The single lightning, both negative and positive,
showed a lower peak current than the first return
stroke peak current of multiple lightning, as shown in
Table 2. These results agree with Pinto et al. [1997],
where lower mean values were obtained. It was also
concluded that the multiple negative flashes tend to be
more intense during summer, which is in contrast with
Pinto et al. [1997] but in agreement with Pinto et al.
[1996]. Pinto et al. [1997] have explained these differ-
ences referring to the high altitude of the region stud-
ied in their work (Pico das Agulhas Negras, 2787m).
They have also concluded that further studies would
be necessary to lead to conclusive results.
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Conclusions

The percentage of positive lightning in southeast-
ern Brazil was sgnificantly higher in winter. However
recent works in the USA [Orville and Silver, 1997,
Orville and Huffines, 1999 have demongrated that
this physical characteristic depends largely on the geo-
graphic location and topographic oconditions of the
studied region due to their influence on the thunder-
storm clouds morphology. Therefore the results ob-
tained in this work are spedfic for the southeastern
region of Brazil and hence the extrapolation to ather
regions must be performed carefully.

The results of this paper show that the negeative
flashes present a higher peak current during summer
whil e the positive flashes are more intense in winter.
The mean pedk current values for negative lightning in
the southeastern region of Brazil were significantly
greder than the values in the USA. As the region
studied is located at low latitudes, these results agree
with the literature, which shows that negative flashes
tend to be stronger in equetorial regions.

Finally it was concluded that the negative lightning
have a greder number of strokes per flash than the
positive lightning, which presented a high percentage
of single discharges. There was no significant seasonal
variation of the multiplicity for bath postive and
negative lightning. However other works using Hgh
predsion measurement techniques reveal that the per-
centage of single negative lightning was much lower
than the values obtained by lightning location systems.
This ocaurs due to the limitation of the SLT in deter-
mining predsdly the multiplicity of the flashes, caused
by the low detedion efficiency of subsequent return
strokes. The data dso shows that the single lightning
tend to be wesker than the first return stroke of the
multiple flashes.
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Abstract

The statistics of lightning in towers recorded by direct
measurements in Morro do Cachimbo (MCS - Brazil),
Pretoria (SAF - South Africa), Mount San Salvatore
(SSS, Swizerland- two towers), and MakiJAP -
Japan) stations are presented in this paper. Typical
curves obtained at Morro do Cachimbo station are
shown and a new nomenclature for positive junction
lightning is suggested. The total number of lightning
analyzed is 1349 flashes divided among the stations
as: 53 (MCS), 66 (SAF), 967 (SSS), 118 (SSS) and
145 (JAP). The highest percent is of 59% for the
negative upward flashes, where SSS contributed with
732 events and the lowest percent is of less than 1%
for the rarest so-called positive downward flash. The
other percentage are: Negative downward flash with
25,9%, positive upward flash 10%, positive junction
flash 3,7% and unknown flash 1,3%. The mean flash
multiplicity confirms the tendency to increase with
decreasing latitude.

Introduction

Located at 4%8'26"W and 2000'39"S Morro do
Cachimbo station initiated its operation in 1985.
During the recording period from 1985 to 1998, about
79 flashes were recorded from which 53 were
evaluated statistically as shown in Table 1.

Table 1 - Lightning on Morro do Cachimbo From
1972 to 1977

In 1973 an insulated tower was erected on a low hill
near Pretoria at 28’ W, 25°50' S (Eriksson, 1978).
During the recording period 1972 to 1988 about 66
flashes were recorded as showed in Table 2
(Gedenhuys et al, 1989).

Mount San Salvatore station °(&7'W, 4559'N)
registered about 1600 flashes in 28 years (1946 to
1974) of direct current measurements. The Table 3
shows the partial recording period 1963 to 1974
where the total flash reaches to 967 records (Berger,
1977).

This data corresponds to the two towers in Mount San
Salvatore. In turn, Table 4 shows the data referred to
each tower separately, considering 118 flashes
recorded during the period 1961 to 1972 in Mount
San Salvatore.

Winter lightning striking an isolated meteorological
tower was observed at Maki near Niigata (Japan).
During the recording period 1976 to 1992 about 145
flashes were recorded as shown in Table 5 (Goto and
Narita, 1994).

Table 3 - Lightning In San Salvatore From 1963 To

Description

Quantity

Total quantity of lightning

53 (100%)

Negative downward lightning

29 (54,7%)

Negative upward lightning

10 (18,9%)

Positive upward lightning

11 (20,7%)

Positive downward lightning

Paositive junction lightning

1 (1,8%)

Unknown polarity lightning

2 (3.9%)

Table 2 - Lightning in South Africa Tower From
1972 To 1987

1974.

DESCRIPTION Quantity
Total quantity of lightning 967 (100%)
Average of lightning per year 4,33
Negative downward lightning 106 (11%)
Positive downward lightning 1 (<0,1%)
Positive upward lightning 102 (10,5%
Negative upward lightning 732 (75,7%
Paositive junction lightning 262 (75%)

Table 4- Lightning in Towers T1 and T2 in San

Salvatore from 1963 to 1971.

=

Description Tower T1 Tower T2
Total quantity of lightning 59 (50%) 59 (50%)
Negative upward lightning 6 (10,15% 2 (3,459
Negative downward lightning 42 (71,2%) 49 (839
Negative flash with a single stroke 29 (69%) 32 (659
Negative flash with multiple stroke 13 (31% 17 (35%
Positive downward lightning 0 1 (1,6%)
Positive upward lightning 6 (10,15% 2 (3,459
Paositive junction lightning 5 (8,5%) 5 (8,5%)

Description Quantity
Total quantity of lightning 66 (100%)
Average of lightning per year 4,33
Negative downward lightning 29 (44%)
Positive downward lightning -
Positive upward lightning -
Negative upward lightning 21 (32%)
Unknown registered flashes 16 (24%)
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Table 5 - Lightning In Japan Tower From 1976 To

1992

Description Quantity|  Percen{
Total quantity of lightning 145 100%
Positive upward or downward lightnirg 25 17,2%
Negative upward or downward 91 62,8%
lightning
Bipolar flash (positive/negative) 29 20%
Positive — Negative flash + - - 7 -
Negative — Positive flash - - + 22 -
Negative flash with a single stroke 52 36%
Positive flash with a single stroke 14 10%)
Negative flash with multiple strokes 39 27%)
Positive flash with multiple strokes 11 7%
Bipolar flash with multiple strokes 29 20%

Lightning Registered at Morro do Cachimbo
Station

The waveforms of lightning recorded at Morro do
Cachimbo are shown in the following figures.
Because the register time resolution change with time,
the data was classified in three groups of acquisition
and digitized in a unique time base.

Negative downward lightning: Figures 1 and 2 show
the typical negative downward first return stroke
current curve obtained at Morro do Cachimbo station.
Negative upward lightning: Figures 3 to 5 show the
negative upward flashes acquired on Morro do
Cachimbo.

Positive upward lightning: Figure 6 shows the
positive upward lightning acquired on Morro do
Cachimbo.

Positive downward lightning: During the period 1985
to 1998, when current measurements was carried out,
the Morro do Cachimbo station recorded no positive
downward lightning.
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Figure 1 - Negative downward lightning — first return
stroke
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Figure 2 - Negative downward lightning — first return
stroke
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Figure 5 — Negative upward lightning with return
stroke.

Positive junction lightning: First observed on Mount
San Salvatore by Berger (1967; 1977), this kind
represents the most severe lightning discharges. Also
observed in the Japan winter season when many
thunderstorms occur, it has been reported by Goto
and Narita (1994). We suggest this name to indicate a
special kind of lightning that also occurred on Morro
do Cachimbo station as shown in Figure 7. As
indicated by the field recorded by Berger (1977), the
leader begins to develop as a result of intense field-
changes, which are due to a preceding intra-cloud
discharge. The current waveform feature shows very
large amplitude and a “millisecond-scale” with
risetimes up to hundreds of microseconds (Berger,
1975; Rakov, 1998).
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Figure 6 — Positive upward lightning with positive
continuous current without any appreciable pulses
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Figure 7 — Positive junction lightning current curve
with impulsive current
Results
The Table 6 shows the data registered on Morro do
Cachimbo (MCS), South Africa (SAF), Mount San
Salvatore (SSS), total numbers and the towers T1, T2
separately and Japan (JAP) stations.

Conclusion

Lightning registered in direct measurements on Morro
do Cachimbo (Brazil), Pretoria (South Africa), Mount
San Salvatore (Switzerland) and Maki (Japan) have
been analyzed. Percentages of 1349 negative and
positive flash were compared. A new nomenclature
for a special positive junction flash was. In summary,
the main results are:

. — The percent of negative upward lightning on San
Salvatore station is higher than others stations due the
minimum amplitude current value adopted by Berger
(about 20A).

- The percent negative downward lightning: varies
from 40% to 60%, not taking into account the
percentage in SSS.

— The comparison among the average number of
strokes per lightning on Mount San Salvatore, Morro
do Cachimbo and South Africa confirms that the
multiplicity of the lightning increase with decreasing
latitude.

-The percent of positive downward lightning: is less
than 0,1% in the total, without register in Morro do
Cachimbo, South Africa and Japan.

— The positive junction lightning was recorded in
Mount San Salvatore, Japan and Morro do Cachimbo
stations.
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Table 6
Classification of Lightning in the Stations
LIGHTNING MCS SAF SSS | TOWERTOWER| JAP | TOTAL
DESCRIPTION T1 T2
Total lightning 53 66 967 60 58 145 1349
(100%) | (100%)| (100%)| (100%) | (100%) | (100%)| (100%)
Negative upward (NU) 10 21 732 6 2 22 793
(18,9%)| (32%) | (75,7%)| (10%) [ (3,45%)| (15%) [ (59%)
Negative downward 29 29 106 42 49 91 346
(ND) (54,7%)| (44%) | (11%) | (70%) | (84,6%)| (63%) | (25,9%)
ND with a single stroke 14 - - 29 32 - -
(48,3%) (69%) | (65%)
ND with multiple stroke 15 - - 13 17 - -
(51,7%) (31%) | (35%)
Positive downward (PD - - 1 1 - - 2
(£0,1%)| (1,7%) (=0,1%)
Positive upward (PU) 11 - 102 6 2 18 139
(20,7%) (10,5%)| (10%) | (3,45%)| (12%) [ (10%)
Unknown flash 2 16 - - - - 18
(3,9%) | (24%) (1,3%)
Positive Junction (PJ) 1 - 26 5 5 14 51
(1,8%) (2,7%) | (8,15%)| (8,6%) | (10%) | (3,7%)
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Introduction

To predict solar cycles we consider the predictor
tecmique which is very interesting for studies of
the relationship between Sun and Earth. This

method is based on correlations between
phenomena observed on the Sun or originating
from the Sun using geomagnetic disturbance
indices which are indicative of solar phenomena.
The solar and the geomagnetic activities are
measurd by sunspot numbers and the AA*
index. The above mentioned data are compiled
for 1868 to 2000 (solar cycles 9 to 22).
We also use the predictor technique to reobtain
the numler of storms happened during the solar
cycles 4 to 11. This information is considered to
have the spectrum of periodicities(Fig.1). Once
establshed, the series can be extrapolated to
generate a prediction of future cycles.

The pevious method indicates that the current
solar cycle ( N=23) would have a peak value of
137+ 65. This result agrees with prior results.

Solar activity and geomagnetic indices

The precursor method is a technique that can be
used to forecast the amplitudes of the solar cycles.
This methd is based on correlations between the
observed phenomena or those originated in the
sun during a solar cycle and the observations of
geomagnetic storms. Besides, it considers that a
sola cycle actually starts some years before the
minimum.

We apply this method in the present study so as
to forecast the amplitude of solar cycle number
23; to that effect, the AA* indices which
characteize geomagnetic storms are considered.
The average daily AA* index is obtained from
the aa index that has been utilized in previous
publicatins Silbergleit (1999 a and 1999 b). The
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index of the tri-hourly geomagnetic activity is
calwlated using magnetograms of two
observatories located in England and in Australia..
A historical advantage of using the AA* indices is
that such indices have been collected since 1868
up to the present time; in this way a long temporal
series of data is obtained. AA* indices are
calculated in a way similar to the Ap but the
available series are longer. Due to the difference
of units in which the Ap and the AA* indices are
measured, the values are different because
different reference values are taken for the
beginning and end of a magnetic storm.
Comparing the years when the values overlap, itis
shown that the relative frequency of storms per
year isthe same. It is interesting to notice that the
total level of magnetic disturbances per year has
substantially increased as from 1900. The mean
annual aa value is greater at the present than the
levels of maximum disturbance obtained before
1900.

The observation of annual distribution of the Ap
indices reveals maximum values where the values
of magnetic storms are high. The same
distribution is observed in aa indices.

In order to calculate it, aa indices are taken in a
three-hour period; when the average exceeds 60
nT a magnetic storm is regarded as being in
progress. Arbitrarily it is decided that such storm
continues until the mean value decreases from 60
nT. Themaximum value obtained is referred to as
AA*. Considering the average of 24 hours of
disturbance of maximum geomagnetic storms, it is
possibleto obtain tables of these indices in the
NOOA home page.

The precursor method has been used among
others by Thompson, 1992. The present paper
corsiders the observations of the activity up to the
present time also utilizing this new AA* index as
a measure of geomagnetic storms..



There exist different publications about the
forecast of the maximum amplitudes of the solar
cycle using the most diverse methods (see
Gleissherg, 1942 Josdyn et a., 1997 Silbergleit,
1998 Silbergleit and Larocca, 2000.

Description of the method
From the analysis of the magnetic data it is

inferred that the number of geomagnetic storms
during each solar cycle depends on the maximum

amplitudes of:
a) the solar cycle during which it is
observed, and

b) thenext solar cycle.

The data have been analyzed taking into account
this fact and considering the AA* indices of
geomagnetic  activity  (that  characterize
geomagnetic storms, the values of which exceed
60.10° Teda). Table 1 shows the maximum
amplitudes of each solar cycle for the same
period.
Using the linear relationship:

a=A+Bn+Cu (D]

By applying the method of the multiple linear
regresson to the series of data shown in the
previous table, the constant values equal to: A= -
33 £ 18, B= 0.74 £ 0.13 and C= 0.56 + 0.13 for
the Equation (1) are obtained, where a is the
number of magnetic storms, n the amplitude of
the current solar cycle and p the amplitude of the
next solar cycle.

The best adjustment indicates that:

o = (-30 £ 19) + (0.98 + 0.12) (0.74 1 + 0.56 1)
2

The coefficient of the linear correlation turned
out to be 0.977. The amplitude of a solar cycle can
be forecast usng Eq. (2). The a vaue it
represents the number of magnetic storms
observed up to the minimum of the solar activity,
previous to the beginning of the new cycle. A
better precision is achieved in the multiple linear

regression performed, by taking into account both
terms.

Thompson (1992 used the historical data to
verify the results obtained with this method. He
studied the maximum amplitudes of the solar
cycles ranging from number 12 to 22 included
considering Eq. (1).

We apply this method in the present study so asto
forecast the AA* indices which characterize
geomagnetic storms to solar cycles number 4 to
11 knowing the amplitude of these solar cycles.
Table Il shows the values of the solar activity
obtained using Eq. (2). With the information we
establish a spectrum of periodicities: a recurrence
tendency of seven cyclesis observed.

Two lagged values appear in amultipleregression
gusted to the solar cycle amplitude. One is
associated with the Glussberg period, also
observed in the maximum sunspot number and the
other is coincident with the periodicitiesin the C*
time record which is associated with solar activity
variation.

Using the multiple regression method applied to:

Am(N) =¢ + 3 Am(N-12) + 3Am(N-7) (3)

the constants are calculated and the values found

aree =285+65,3=-091 +049 06=-055+
0,32 Where Am(N-7) is the amplitude of solar
cycle number N-7, Am(N-12) isthe amplitude of
solar cycle number N-12 and Am(N) is the
amplitude of solar cycle number N.

The Upper Limit of the Maximum Solar
Activity for Cycle No. 23

Equation (3) allows us to make an estimate of the
maximum amplitude to be expected during solar
cycle number 23, it isfound that for the next solar
cycle its peak value would be (137« 65) sunspots.
Considering previous publications by:

a) Silbergleit (1998 who forecasts a value of
the maximum solar activity for cycle No. 23
of (173 £14) monthly average spots and

b) Josdyn et al. (1997 forecast a maximum
expected value of the solar activity of (160
30) monthly average spots.
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Conclusion

The present article presents a quick manner to
evaluate the upper limit of the maximum solar
cycle 23 by using Eq. (3). Considering these
resultsit is possible to verify the advantage of this
method within the limits of calculated error.

As the occurrence of magnetic disturbances not
only depends on the solar activity during the cycle
in which those disturbances are observed but also
on the previous cycle, it is important to take this
effect into account. Many applications of the
precursor technique only consider the final period
of the previous cycle.
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Table 1 Data from cycles 11 through 22.

Cycle B*n A*l B*n+ Storm (a)
A*p
11 1039 41.8 1458 87
12 55.2 492 1044 73
13 65.05 35.9 1009 86
14 475 59 1065 59
15 78 437 1217 83
16 57.8 66.7 1245 94
17 822 88 1702 149
18 1123 1127 224.9 170
19 149 619 2109 187
20 818 921 1739 154
21 1217 88.8 2105 189
22 117.3 209




Amplitude of Solar Cycle

Tablell Data from cycles4 through 11

SOLARCYCLE AMP. OF SOLAR NUMBER OF STORMS
NUM. CYCLE (AA¥)
4 1412 98+33
5 492 30+33
6 487 41+33
7 70.8 100£33
8 1469 141+33
9 1316 72+33
10 97.9 11533
11 1405 87+33

Fig.1 Spectrum of periodicities
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Multiplicidade de Raios Nuvem-solo Negativos no Sudeste do Brasil
Evandro de Carvalho Ferraz, O.Pinto Jr, I.R.C.A.Pinto, INPE, Brazil

Resumo

Neste trabalho € descrito um equipamento para medir
campos elétricos gerados por raios nuvem-solo, a
uma distancia de até 50 km. O equipamento possui
uma unicde analdgica de recepgdo e uma conversora
A/D, que salva essas informacdes digitalmente em
um PC, a uma taxa de 25000 pontos por segundo.
Foram medtios mais de 600 raios no veréo de 98/99 e
utilizando-se um software desenvolvido especifica-
mente para analise desses dados, obteve-se uma mul-
tiplicidade de 3,28 descargas de retorno por raio. Uma
avaliacéo criteriosa dos dados nos permitiu um maior
conheimento das caracteristicas dos relampagos que
ocorrem em nossa regido. A multiplicidade medida
na regido sudeste do Brasil ficou abaixo das taxas
encontradas na Florida (4,0) e na Africa do Sul(4,1).
O tempo médio entre as descargas de retorno obtido
por nds foi de 83 ms, o que estd dentro dos tempos
encontrados para a Africa do Sul(63 ms) e Flérida(90
ms). Com base nesse equipamento de medidas de
campo elétrico, estd sendo desenvolvido um outro
equipamento, para protecao contra descargas elétri-
cas atmosféricas, cujos resultados preliminares tam-
bém sa@presentados nesse trabalho.

Introducéo

Medidas da radiagdo eletromagnética produzidas por
raiosé o principal meio para o levantamento em larga
escalado comportamento de tempestades, visto que
medidas diretas, com equipamentos instalados em
torres, embora as medidas sejam mais precisas, sdo de
meror abrangéncia. Temos ainda a incerteza se a
descarga ocorrida na torre teria as mesmas caracteris-
ticas de multiplicidade e tempo entre descargas de
retorno, se a torre ndo existisse. Para medidas em
larga escala, temos no Brasil um sistema que cobre o
sudeste do pais, mas sua confiabilidade no que se
refere a multiplicidade é baixa. Para termos medidas
confiaveis, em larga escala, foi desenvolvido um
equpamento para deteccéo e analise de ondas eletro-
magnéticas geradas por descargas atmosféricas. A
patir desse equipamento esta sendo desenvolvido um
sensor de tempestades para monitoramento de segu-
ranca.

Descargas nuvem-solo envolvem um numero de
processos que produzem um campo eletromagnético
caracterigco. Neste trabalho, analisaremos dados de
campos elétricos gerados por varios raios com distan-
cias que variam de quildbmetros até dezenas de quilb-
metros. Enfase sera dada a multiplicidade e ao tempo
entre as descargas de retorno.
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Técnica experimental

Com o intuito de estudar os campos eletromagnéticos
gerados por descargas elétricas, desenvolveu-se um
equipameto no INPE, Instituto Nacional de Pesqui-
sas Espaciais, em S&do José dos Campos, SP. Esse
equipamento tem como funcao a detecgéo, conversao
analodgica/digital e armazenamento em PC de ondas
eleromagnéticas geradas por descargas atmosféricas.
Esse eqggamento detecta descargas que estejam
préximas, ou seja, num raio menor que 50km, geran-
do um sinal elétrico, com amplitude proporcional a
radiacdo recebida. Ele opera numa faixa de freqiién-
ciasdesde Hz até 200kHz, faixa esta onde se encontra
a maior poténcia irradiada pelas descargas. A Figura
1 mostra o diagrama em blocos do receptor.

Antenae | | ﬁ[llRLL: | _,| Filtros
Casador ficador
|
v
l-}mgll- | | Cenver- Micro-
ficador sor AID comput.

—

_| Indicador de
sinal

Retificador

_| Indicador de
"| Detecgao

Fig.1: Diagrama em blocos do receptor.

Estamos usando, para captacdo dos sinais elétricos,
umaantena de cobre, cilindrica, com 2m de compri-
mento euma area frontal, para qualquer direcdo, de
450 cnf, montada em uma local com pouco ruido
eletomagnético de fundo e uma taxa de amostragem
para digitalizacdo do sinal de ) o que é conveni-
ente para se detectar a multiplicidade e o tempo entre
desargas de retorno, que é o objetivo desse estudo.

Resultados

Foram processados 631 raios, na regido de Sao José
dos Campos, SP. Para andlise dos mesmos, foram
utilizados critérios com base na literatura, como por
exenplo, um espagamento de até 300ms entre as
descargas de retorno, para que fossem consideradas
do mesmo raio. As Figuras 2 e 3 resumem essencial-
mente todos os dados analisados.
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A Figura 2 mostra o histograma do nimero de des-
cargas de retorno de raios nuvem-solo negativos. A
multiplicidade média encontrada foi de 3,28 descar-
gas por raio, o que ficou abaixo das taxas encontradas
na Hérida (4,0), por Thomson et a. (1984), e na
Africado Sul (4,1), por Scholand (1956).

Com relagdo a média de multiplicidade, verificamos
que 35% dos raios possuem apenas uma descarga de
retorno, o que € um percentual maior do que os 20
encontrados na literatura (Pinto Jr e Pinto) 2000.

Multiplicidade

220 1=
200
180
160
140
120
100
80 1

60

40

= [

0 ! ! |‘|_|‘,_|‘|—|‘l_|‘l_|‘ ==,

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Numero de descargas de retorno por raio

Numero de raios

Fig.2: Multiplicidade das descargas negativas nuvem-
solo naregido de So José dos Campos - SP.

A Figura 3 mostra a curva de distribuicdo dos tempos
entre as descargas de retorno. Foi usada uma escala
logaritmica, base 2, para 0 eixo das abcissas, 0 que
nos leva a uma digtribuicdo gaussiana. O tempo mé-
dio entre os descargas de retorno obtido por noés foi
de 83 ms, 0 que esta dentro dos tempos encontrados
paraa Africa do Sul(63 ms) e Flérida(90 ms).

2501 . Dados: 631 eventos

0 amEuR snean

Numero de descargas  de retorno
=
3

T T T T T T T
2 4 8 16 32 64 128 256 512 1024

Tempo entre descargas de retorno

Fig.3 Digtribuicdo dos tempos entre as descargas de
retorno

Aproveitando-se do projeto do equipamento para
medida de campo eétrico, esta sendo desenvolvido
um detetor de tempestades, para ser usado na preven-
¢80 de acidentes pessoais e materiais, devido a des-
cargas atmosféricas. Ele foi projetado para detectar a
aproximacao destas, a uma distancia de até 50 km e
deve ser ingalado em areas abertas, tais como pétios
de escola e campos de futebol. Suafinalidade é dertar
pessoas, em regides de risco pessoal e usuarios de
equi pamentos sensiveis que possam ser desligados.

Antenae Ampli- Filtro

Casador | | ficador | ' Passa-Faixa
|

¥

Ampli- Retifica- Conversor

ficador | | dor I AD
|

v
Discriminador .| Processador de si-
de sinal "| nais e Sinalizador

Fig.4 Diagrama em blocos do sensor de tempestade.

A Figura 4 mostra o diagrama em blocos do sensor de
tempestades. A principal diferenca entre este e 0
medidor de descargas el étricas € que esse sensor ndo
tem como objetivo a medida exata da forma de onda
da radiacdo e étrica gerada pelas descargas, mas sm,
sua identificacdo, em detrimento dos tantos outros
sinais eétricos captados pela antena, e através desses
sinais, inferir uma distancia radial de onde a descarga
provavelmente ocorreu. Um aspecto importante para
um bom desempenho do sensor € a sua calibragéo.
Para tanto, radiacdes elétricas geradas por descargas
naturais, foram medidas simultaneamente por um
sensor calibrado colocado junto a €le. Esse sensor
calibrado possui 3 ranges de disténcia. Um aé 6 km,
outro de 6 a 20 km e outro para mais de 20 km. Obti-
vemos 60 ocorréncias para descargas até 6 km e cerca
de 90 descargas para digéncias entre 6 e 20 km.
Essas medidas de distdncia foram correlacionadas
com as amplitudes medidas pelo sensor desenvolvido
e sdo plotadas na Figura 5. Pelas curvas, podemos
perceber nitidamente um valor do limiar de 2 V, que
nos da um acerto maior que 90% para discriminacéo
de dois ranges de disténcias, um até 6km e outro
acima disto.
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Fig.5: Curvas de dispersdo das amplitudes por range.

Além das medidas coincidentes, levantamos também
as descargas que ndo foram detectadas pelo sensor,
mas que ocorreram dentro do range de 20 km e estas
estéo na ordem de 20%. Foram também medidos os
falsos alarmes, ou segja, detecgBes em casos em que
nao ocorreram descargas, e elas ficaram na ordem de
5%. Esse equipamento ainda esta em desenvolvi-
mento para melhor escolha de filtros, visando obter-
se um terceiro range de distancia. Uma separagdo em
20 km e consequentemente um novo range, Nos ga
rantiria um alerta da aproximacdo de uma tempestade
com antecedéncia.

Conclusdes

Pela primeira vez foram apresentados resultados so-
bre a multiplicidade dos raios no sudeste do Brasl
durante o vero a 1998/199, obtidos independente-
mente do sistema de deteccdo de raios que cobre o
sudeste . Os dados foram comparados a dados seme-
Ihantes obtidos para outras partes do mundo. As prin-
cipais conclusdes sdo:

A multiplicidade levantada (3,28) estd um pouco
abaixo da literatura (4,0), Thomson et a. (1984, e
(4,1), Scholand (1956);

O tempo médio entre descargas de retorno encontra-
do, de 83 ms, esta de acordo com a literatura, que o
apresenta entre 63 ms e 90 ms Thomson et al (1984);

Os resultados preliminares, do sensor de seguranca
apresentados, ja mostram a funcionalidade deste e nos
orientaram para as melhorias que estdo sendo imple-
mentadas.
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Sugere-se a instalagdo deste equipamento na regido
equatorial brasileira, para verificar se ha correlagdo
entre multiplicidade elatitude.
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Abstract

Observations of broadband UV-A and UV-B solar
radiation at 23°S, 45°W, in Taubaté and S&o José dos
Campos, Sdo Paulo State, Brazil, were made during
the period 1996-1999, near local noon. The seasonal
variations were studied, and it was found the annual
variability to be larger for UV-B range than for the
UV-A range, with summer/winter ratios of 1.4 for
UV-A and 2.3 for UV-B. Both UV-A and UV-B
variations are modul ated by the solar zenith angle, but
the UV-B range has a higher attenuation with the
increase in solar zenith angles, because of the larger
atmospheric optical path in this spectral range.

Introduction

The solar ultraviolet (UV) radiation in earth's
atmosphere is defined as. UV-A (320-400 nm), UV-B
(280-320 nm) and UV-C (wavelength <280 nm). The
UV-C range is fully absorbed in the atmosphere,
while the UV-B range is strongly absorbed by the
ozone layer, and the UV-A range reaches ground
level without much attenuation.

The UV-B-ozone relation is well known and several
studies have been made to correlate ozone variations
and UV-B (Frederick and Lubin, 1988; Bais et a.,
1993; Kerr and McElroy, 1993). Observations of
broadband UV-A and UV-B radiation are presented
for 23°S, 45°W in Brazil. Measurements were
obtained near Taubaté, from January 1996 to
December 1997 (Kirchhoff, 1997) and at Sdo José
dos Campos, from July 1998 to August 1999 (Echer,
1999).

Instrumentation

The UV data used in this work was obtained with a
hand-held UV-Meter manufactured by Solar Light
Co. Inc. The spectral response of this detector is 280-
320 nm for the UV-B channel and 320-400 nm for the
UV-A channel. UV-B measurements are weighted
with the Erythema Action Spectrum from McKinlay-
Diffey(1987). This detector has an estimated 5% of
cosine error for solar zenith angles larger than 60°.

UV measurements were made close to local noon, in
days when the Sun was not blocked by clouds. The
sensor was pointed directly to the Sun, measuring the

global radiation arriving on a surface normal to the
solar beam

UV-B measurements are given in units of MED/hr
(Minimal Erythemal Dosighr), the biologicaly
effective power that causes the erythema on human
skin. UV-A measurements are given in units of
mW/cm’,

Results and Discussion

Figure 1 shows UV-A and UV-B time series and the
solar zenith angle (sza) variability. It is easily seen
from Figure 1 the strong annual cycle of solar UV-A
and UV-B radiation, which is 180° out of phase with
the solar zenith angle variation. The solar angle is
indeed the main factor to modulate the seasonal
variation of solar UV radiation. Average seasonal
curves were calculated from the daily values from
1996 to 1999, for UV-A and UV-B radiation. In
Figure 2 are presented the 30 days running average of
the mean seasonal curvesfor UV-A and UV-B.

Table | shows the average for each season, Summer —
January, February and December; Autumn — March,
April and May. Winter — June, July and August;
Spring — September, October and November.
Seasonal ratios were also calculated and are presented
inTablell.

Solar Zenith Angle (°)

50

UV-A (mW/cm?)
8
Solar Zenith Angle (°)

0

L L I B B B B S B

180 270 360 450 540 630 720 810 900 990 108011701260 1350
1997 1999

1998
January/1996 to August/1999

Figure 1: Daily observations of UV-A and UV-B,
with solar zenith angle (sza) variations.
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Figure 2: Mean seasonal curve for UV-B and UV-A
radiation — 30 days running average.

Table | — Seasonal averages and standard deviation

Season UV-A UV-A uv-B uv-B
mean SD mean SD
(mwW/cm?) | (mwW/cm?) | (MED/hr) | (MED/hr)
Summer 5.61 0.06 3.96 0.12
Autumn 4.63 0.34 2.87 1.12
Winter 3.96 0.16 1.69 0.24
Spring 5.14 0.51 3.20 0.61

Table Il — Seasonal ratios

Seasonal ratios UV-A UVv-B
Summer/winter 141 2.34
Summer/autumn 1.21 1.37
Summer/spring 1.08 1.24

It is observed from Table Il that the UV-B radiation
shows a larger relative annual variability than the
UV-A radiation. The summer/winter ratio is 1.41 for
UV-A and 2.34 for UV-B. The solar zenith angle is
the main factor affecting UV radiation, UV-B being
more affected than UV-A, because radiation at lower
wavelengths is more scattered by air molecules and
has a stronger absorption by ozone. The relation of
UV-A and UV-B with solar zenith angle is seen in
Figure 3, where UV-A and UV-B were normalized to
compare the variability of each band with solar zenith
angle.
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Figure 3 : Normalized UV-A and UV-B amplitude
versus solar zenith angle.

Figure 3 shows that for low solar zenith angles (sza<
10°), the variation of normalized UV is similar for
UV-A and UV-B bands, but as the solar zenith angle
increases, the UV-B radiation decays faster than the
UV-A radiation. Thus, the relative values of UV-A
are larger than those of UV-B. Despite the relative
large bandwidth and a contribution from diffuse
radiation, a calculation using Beer's law for the
wavelengths 305 nm, representative of the UV-B
range, and 340 nm, for UV-A, is shown in Figure 4.
The calculation considers only Rayleigh scattering
and ozone absorption. Figure 4 shows the difference
in attenuation between UV-A and UV-B ranges,
caused by the different ozone and Rayleigh scattering
Cross sections.
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Figure 4: Theoretical calculations using Beer's Law
for UV-A (340 nm) and UV-B (305 nm) dependency
with solar zenith angle.
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It is seen in Figure 4 that for solar zenith angles < 10°,
normalized UV-A and UV-B radiation have similar
intensities. For larger solar zenith angles, UV-B
decays faster than UV-A, as it was observed in data
seenin Figure 3.

Conclusions

Observations of broadband UV-A and UV-B solar
radiation at 23°S, 45°W were analyzed. A strong
annual cycle is observed in anticorrelation with the
solar zenith angle. It was observed that UV-B has a
higher annual variability than UV-A radiation,
because UV-B radiation is more attenuated than UV-
A with increasing solar zenith angle, as expected, by
the absorbing and scattering effects of a larger
atmospheric optical path.
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Resumo

O pefil verticd da Camada de  Ozbnio
atmosférico, obtido por sondagens atmosféricas
realizadas durante o periodo de novembro de 1996 a
abril de 1998, no Observatério Espaciad do Sul, Lat.
29,44°S - Long. 53,82°0, do Centro Regiona Sul de
Pesquisas Espaciais — OES/CRSPE/INPE, em Sdo
Martinho da Serra, Regi&o Central do Rio Grande do
Sul é estudado. Foram andlisados dados de 34
sondagens. Um perfil médio do Ozo6nio atmosférico
foi obtido e periodos de méxima e minima
concentracdes de Ozonio foram analisados. Calculou-
se 0 Ozobnio total integrando-se os perfis obtidos com
as sondagens e utilizando-se 0 método da
Climatologia de McPeters, sendo que os resultados
foram comparados com o instrumento TOMS ( Total
Ozone  Mapping  Spectrometer) e com o
Especrofotdmetro Brewer # 081.

Introducédo

Perfis verticais de Ozonio atmosférico s&o
medidos em vérios locais usando Ozoniossondas com
Cdulas de Concentracdo Eletroquimica (ECC)
levadas por baldes [ Ditsch and Ling, 1973; Hoffman
et al., 1994]. Medidas do perfil vertica de Ozbnio,
bem como medidas da variacdo da temperatura da
amosfera em funcdo da altitude foram feitas no
Observatorio Espaciad do Sul, no periodo de
novembro de 1996 a abril de 1998. A mesma técnica
gue vem sendo utilizada em Natal, Rio Grande do
Norte, Lat. 542°S - Long. 35,6°0 usando
Ozoniossondas ECC [ Kirchhoff et a., 1991] foi
utilizada em S8 Martinho da Serra [ Schuch et a,
1997].

O perfil vertical da Camada de Ozbnio varia ao
longpo do ano. As concentragdes de Oz6nio
observadas normalmente apresentam valores muito
menores na troposfera do que na edtratosfera. A
concentracdo de o0z6nio apds cerca de 10 km em
média, aumenta com a atura, até atingir um valor
maximo. A atura do méximo depende da latitude e
das estacBes do ano. Apds este nivel, a concentracdo
diminui quase que exponencialmente com a altura, na
média e dta edtratosfera e na baixa mesosfera
[Whitten e Prasad, 1985].

1422

A dtitude da densdade méxima de Ozbnio
encontra-se entre 25 e 27 km nos trépicoseentre 13 e
18 km nas regifes polares, com vaores de pressio
parcia no pico maximo em torno de 140 nb nos
trépicos e 220 nb em latitudes polares durante a
primavera em condicbes normais, quando ndo ha a
ocorréncia do buraco de Ozbnio antartico [ Whitten e
Prasad, 1985].

A temperatura é o parametro usualmente utilizado
na divisdo da atmosfera em camadas, sendo que a
camada mais préxima da superficie terrestre é a
troposfera. Naregido tropical esta camada atinge 16 -
18 Km de altura. [ Kirchhoff, 1992] Na troposfera a
temperatura diminui com a atura, sendo que a
troposfera estende-se desde a superficie até a
tropopausa, local onde o gradiente de temperatura
nulo, ou sgja, neste ponto a temperatura comega a
aumentar com a atura devido a existéncia de uma
fonte de calor representada pelo Ozbnio da atmosfera,
gue transfere calor para os gases maoritarios apos
absorver radiagdo ultravioleta do Sol [ Kirchhoff,
1995]. A estratosfera € a camada logo acima da
tropopausa, sendo a tropopausa 0 ponto que separa a
troposfera da estratosfera.

M etodologia

Foram utilizadas ozoniossondas do tipo ECC
[Komhyr, 1969; Komhyr and Harris, 1971] que sdo
compostas por um sensor de Ozénio ECC, por uma
bateria que alimenta 0 motor da bomba de ar e uma
interface eletrénica que conecta 0 sensor de Ozbnio a
uma radiossonda meteorol égica para a telemetria dos
dados. Durante a ascensao do bal&o, os dados que sdo
transmitidos por telemetria para a estacdo terrena sdo
a pressio atmosférica, temperatura externa, a
umidade relativa do ar, Ozbnio, temperatura da caixa
ou da bomba e temperatura externa.

O pacote de instrumentacdo para sondagens de
Ozbnio W-9000/Microssonda Mark Il da Viz
Meteorologica Sytems Group da Sippican Inc.
Company, consiste de elementos de equipamentos e
software, que permitem ao usuario utilizar uma
Microssonda Mark 1l, especiamente configurada,
acoplada a uma sonda de Oz6nio Modelo Z ECC da
Companhia EN-SCI, para obter um perfil vertical de
dados de Oz6nio e temperatura durante e apds a
sondagem. [VIZ, 1996]
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Dados do Espectrofotdmetro Brewer # 081 [ Kerr,
et al, 1985] e dados de Overpass do Espectrdmetro
TOMS (Total Ozone Mapping Spectrometer)
instalado no satélite Earth Probe da NASA (National
Aeronautics and Space Agency)[
http://jwocky.gsfc.nasa.gov] foram utilizados para a
obtencdo das medidas de colunatotal de Ozonio.

Para comparar-se o valor da colunatotal integrada
da sondagem com o valor da colunatotal de Ozénio,
necessita-se determinar a coluna de Ozénio até o topo
da atmosfera, apés o ponto fina da sondagem quando
estoura 0 baldo [Salgado, 2000]. Ou sga, fez-se
necessario acrescentar o Oz6nio residua (como é
chamado o Oz6énio que ndo é medido pelas sondagens
justamente por elas ndo atingirem o topo da
atmosfera) ao encontrado naintegracdo da sondagem.

Um método para determinar o Oz6bnio residua, é
0 uso de uma climatologia baseada nos perfis do
SBUV (Solar Backscattered Ultraviolet) [McPeters,
et. a, 1997; WMO, 1998]. A climatologia de
McPeters considera tabelas de acordo com a latitude,
(de 10 em 10 graus) o més do ano e para 30 alturas, a
minima corresponde a 30 milibares e a méxima a 1
milibar [ Salgado, 2000].

Portanto, na comparacdo do Ozonio total, foram
anadlisadas as sondagens utilizadas cortando-se o0s
dados das mesmas a 13 milibares. Consultando-se a
tabela de McPeters, acrescentou-se o valor do Ozonio
residual referente a 13 milibares ao valor do Ozonio
integrado para cada sondagem.

Trabalhou-se com dados de 34 sondagens para
determinar o perfil médio da camada de Oz6nio e da
temperatura da atmosfera, utilizando-se um agoritmo
para fazer a reducdo dos dados das sondagens. O
algoritmo faz médias dos dados de pressdo parcial de
Ozbnio e da temperatura da atmosfera a cada cem
metros de dtitude, do lancamento até a altitude final
da sondagem.

Resultados

O perfil médio da Camada de Ozbnio e da
temperatura medidos no Observatério Espacia do Sul
na Regido Central do Rio Grande do Sul é
apresentado naFigura 1

Andisando-se a Figura 1 observase um perfil
vertical bem definido. O valor médio de pico para a
pressdo parcial de Ozonio fica em torno de 130 nb, a
uma altitude aproximada de 24,2 Km. Em estacdes de
observacdo com latitudes menores, tal como Natal,
RN, a méxima concentracdo ocorre entre 25 e 26 Km,
aum valor médio de 146,8 nb[Salgado, 2000].
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Figura 1: Perfil médio da Camada de Ozbnio e da
temperatura na atmosfera medidos no Observatorio
Espacial do Sul de 1996-1998.

Apbs os 15 Km ha uma tendéncia de crescimento
da pressdo parcial de Ozbnio mais ou menos
constante até cerca de 24 Km de atura. Apds esse
pico, a concentracdo de Ozénio diminui rapidamente.
Veificase ainda que a temperatura decresce quase
linearmente até 0 ponto em que a concentragdo de
Oz6nio comega a aumentar, quando ocorre a inversio
do gradiente da temperatura, isto €, na tropopausa.

Fez-se uma andlise estatistica da variacdo da
temperatura e da altitude da tropopausa. A média para
0 periodo analisado encontra-se em torno de -72,18
oC, tendo um desvio padr&o de 3,45°C, a uma atitude
de 17.205,5 m, com um desvio padrdo de 776,3 m. A
concentracdo de Ozbdnio nos periodos de minima e
maxima concentracdo, separados na dtura da
tropopausa, estd apresentada nas Figuras 2.a e 2.b.

Observaese que a concentracdo de Ozobnio
apresenta uma variagdo ciclica anual com minimos de
concentracdo nos meses de outono (Abril, Maio e
Junho) e maximos nos meses da primavera (Setembro,
Outubro e Novembro). O pico da concentragdo de
Oz6nio para os periodos de maximo ocorre a 24,2 Km
e corresponde a 140 nb, enquanto que 0 pico da
concentracdo de Ozbnio para 0s meses de minimo
ocorre a 26,7 Km, correspondendo a 130 nb, Figura
2a
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Figura 2: Pressdo parcial de Ozonio para os
periodos de minimo e maximo para a estratosfera
(2.9) etroposfera (2.b) na Regido Central do Rio

Grande do Sul, medida no Observatorio Espacia do
Sul — OES/CRSPE/INPE-MCT

Verificarse que os valores de pressdo parcial de
0Oz6nio sdo maiores no periodo de maximo para todas
atitudes, exceto para dtitudes acima de
aproximadamente 25 Km, quando os vaores séo
muito proximos para os dois periodos. As maiores
diferencas encontram-se entre a superficie e 4 km, e
da tropopausa até aproximadamente 25 Km. A maior
diferenca ocorre em torno de 21,2 Km, sendo de
42,73 nb, o que corresponde a 54,5% de diferenca
entre os periodos, Figura (2.a, 2.b).

Uma estimativa da coluna total de Ozobnio,
utilizando a Climatologia de McPeters, foi feita. Estes
valores foram comparados (Figura 3) com os dados
da coluna total de Ozbnio coletados pelo
Espectrofotébmetro Brewer # 081 e pelo instrumento
TOMS. Somente foram analisados dados dos dias em
0s trés instrumentos estavam operacionais. Esta
comparagao € apresentada no grafico da Figura 3.
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Figura 3: Comparacdo dos dados da colunatotal
de Ozbnio coletados pelo Espectrofotdmetro Brewer
#081, pelo instrumento TOMS e por sondagens na

Regi&o Central do Rio Grande do Sul.

Observa-se uma boa correlacdo estatistica entre os
dados. A maior diferenca entre os dados do TOMS e
das sondagens ocorre no dia 12 de novembro de
1996, 13 %. Comparando-se com os dadosdo Brewer
a maior diferenca ocorre no dia 18 de abril de 1997,
11%. Em ambos os casos, os valores obtidos com os
dados das sondagens s80 menores. O conjunto dos
dados andlisados mostra maior correlagdo dos dados
do Brewer com os dados das sondagens, com
diferenca média de 3,5%. Em relagdo aos dados do
TOMS, com os dados das sondagens, a diferenca
média é de 6%.

Conclusdes

Apesar do nimero de sondagens ainda ser
pequeno e por isso ndo permitir uma andise mais
profunda do comportamento da Camada de Ozbnio,
determinou-se um perfil médio para a Camada de
Ozbnio, na Regido Centra do Rio Grande do Sul.
N&o levou-se em consideracdo a Variagdo Quase
Biend na determinacdo do perfil vertical da Camada
de Ozbnio para a Regido, pois o periodo é muito curto
para que este fendmeno sga significativo. Existe a
necessidade de continuidade dos lancamentos de
balGes de sondagens de Ozbnio atmosférico, com o
objetivo de ampliar o banco de dados.

O pefil verticd de temperatura atmosférica
apresentou comportamento bem definido, permitindo
a determinagdo da altura da tropopausa para a Regi&o.
Verificou-se que a temperatura da atmosfera aumenta
com o aumento da concentracdo de Ozénio, conforme
esperado. A queda da temperatura até a tropopausa
sugere umatendéncialinear.
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A maior correlacdo encontrada com os dados do
Brewer devese a0 fato deste se tratar de um
instrumento de solo, situado no mesmo loca em que
as sondagens foram efetuadas. Deve ser levado em
consideracdo que o instrumento TOMS obtém dados
referentes a cobertura de uma grande regido
geogréfica (lat. 1,0° X long. 1,25°%, realizando
interpolacBes para determinar valores de Ozbnio total
sobre uma determinada area geogréfica.
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Study about the Lightning Flash Characteristicsin Brazil : preliminary results
Heloisa H. Faria;, Osmar Pinto Jr. and lara R. C. Almeida Pinto.

Abstract

The main objective of this paper is present prelimi-
nary results about the study of the characteristics of
the lightning flashes in Brazil, identifying, analyzing
and characterizing the associated storms. We try to
determine the existent relationships between the elec-
tric characteristics and the precipitation of the storms.
Two regions of Brazil were analyzed: Rondbnia, that
is located in the North, and the Southeastern Region.
The data were obtained by IMPACT sensors on
ground and by two sensors (Lightning Imaging Sen-
sor — LIS and Precipitation Radar — PR) on TRMM
(Tropical satellite Rainfall Measuring Mission) satel-
lite. The ground sensors belong to the BLDN (Brazil
Lightning Detection Network), located in Ronddnia,
and the SLT (Storms Location System) in the South-
eastern Region.

Introduction

The period of study was selected based on the period
of larger activity of lightning in Brazil. This period
congists of six months, from October of 1999 to
March of 2000. The limits of the region of study
were set in such a way that the efficiency of the
ground systems is greater or equal to 90%. In
Rondbnia, they were: latitude from -6.0 ° to -16,0°,
and longitude from -57,0° to -67,0°. In the southeast-
ern region they were: latitude from -14,0° to -25,0°,
and longitude from -39,0° to -52,0° (see Figure 1).
Due to a possible contamination of cloud-to-ground
flashes by intra-cloud flashes on ground data, only
flashes above 15 kA, for positive, and above 1kA, for
negative, were considered (Faria, 1998).
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Figure 1: Location of the lightning sensors and the
limits of the regions considered in the study.
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Instrument and M ethodology

Two lightning detection systems on ground were
used: the BLDN, which is composed by 4 IMPACT
sensors (Blakedee et al., 1999) and the SLT, which is
composed by 13 LPATS and IMPACT sensors
(Pintoeta.199ab, ).

The lightning sensor on satellite, LIS, is a sophis-
ticated instrument that detects and locates electric
discharges in the tropical and semi-tropical regions,
allowing to study the lightning flashes as a whole, the
distribution in the globe, or in regions specify. This
sensor is capable to detect all the types of electric
discharges, because al flashes produce optical pulses
that are visible of the space (Christian et al, 1999).
The sensor detect both day and night lightning
flashes, but is not capable to differentiate cloud-to-
ground flashes from intra-clouds flashes. LIS ob-
serves a point of 600 x 600 km for a period of 80
seconds. This time is enough to detect the discharges
in a storm (GHRC, 1999). With this sensor it can be
obtained information on the characteristics of the
clouds, the dynamics of the storms, and the seasonal
and annual variability of the storms.

Recent studies suggest that the activity of light-
ning flashes can provide empiric estimates for some
geophysical properties, as the rate of rains convecti-
vas and of rains no convectivas, the vertical structure
and the distribution of mass of the storm, the number
and the distribution of storms on the terrestrial globe
(Christian et a, 1999).

The precipitation radar, PR, is the first radar to be
placed on board a satellite. The width of the field of
vision of PR is of 220 x 220 km, operating in the
frequency of 13,8 GHz. PR measures the distribution
of rains on the continents and on the oceans, supply-
ing a three-dimensional distribution, being possible to
produce the vertical profile of the surface to an ap-
roached height of 20 km. The data are of the level 2,
2A25, giving the rain rate in the surface and the re-
fletividade (Goddard DAAC, 1999). In this study it
was used the precipitation profiles and the refletivi-
dade.

Preliminary Results

For a preliminary study, two days were chosen: 09
and 11 of April, 1999. In this article we will present
the results obtained for April 11, 1999. Figure 2 show
the BLDN data for 11/04/1999. The satellite orbit
cover from —2.0° to -20.0° of latitude, and from —
47.0°to -80.0° of longitude. The lightning activity
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detected by BLDN and LIS correspond to the area
from -2.0° to -18.0° of latitude and from -53.0° to -
68.0° of longitude. In this orhit, the time interval of
the passage of the satellite TRMM was 12min and
37s. In this period, the BLDN detected 177 cloud-to-
ground lightning, from which 143 (135 negative and
8 positive flashes) were on the field of view of LIS,
and 34 were out of the field of view of LIS (all nega-
tive flashes).

For the same interval LIS detected 409 electric
discharges, from which 266 were possibly cloud-to-
cloud and/or intra-cloud lightning. Most of 266 dis-
charges were close to the latitude of -14.0° and lon-
gitude of -56.0°.

[ )
TRMM.L1S.5C.04.0.1999.101.07884 Seee

Figure"zn: Orblt imaging for sensor LIS and the repre-
sentation of the lightning flashes detected by BLDN,
11/04/1999, orhit 07884.

We made two analyses: one for the area of larger
occurrence of cloud-to-ground lightning flashes and
another for the area of larger occurrence of intra-
cloud flashes. In Figure 3a and b, we have the repre-
sentation of the plane image given by the precipita-
tion radar and the vertical profile, respectively, for the
area of larger occurrence of cloud-to-ground lightning
flashes. In Figure 3a, the strip of PR cover from -8.0°
to -20.0° of latitude, and from -50.0° to -62.0° of lon-
gitude. The area of larger precipitation varies from -
11.0° to -16.0° of latitude, and of -56.0° to -61.0° of
longitude. The largest concentration of lightning
flashes detected by LIS and BLDN are coincident
with the maximum reason of precipitate rain, 20 to
100 mm/hr, close the latitude of -13.0° and longitude
of -59.0°.
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Figure 3: A) Image obtained by the precipitation
radar, PR, on 11/04/1999, orbit 07884, (precipitate
rain in mm/hr), and B) vertical profile for the area of
larger occurrence of cloud-to-ground lightning
flashes.

Figure 4a and b, show the plane image given by
PR and the vertica profile, respectively, for
11/04/1999, in the area of larger occurrence of intra-
cloud lightning flashes. In the area of the Figure 4a,
that varies from -14.0° to -16.0° of |atitude, and from -
56.0° to -57.0° of longitude, there are points of me-
dium precipitation, around 20 mm/hr. Comparing
with the areain Figure 2, we see that in this area there
was a great activity of lightning detected by LIS.
They are probable intra-cloud lightning flashes,

1427
2



#

Study About the Lightning Flash Characteristicsin Brazil : preliminary results

because the system BLDN didn't register the occur-
rence of cloud-to-ground lightning flashes.
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Figure 4. A) Image obtained by the precipitation
radar, PR, on 11/04/1999, orbit 07845, (precipitate
rain in mm/hr), and B) vertical profile for the area of
larger occurrence of cloud-to-ground lightning
flashes.

The activity of intra-cloud lightning flashes is
dominant in the initial and final phases of the life
cycle of convective clouds (Williams et al, 1989).
These phases are also characterized by smaller
amount of precipitaterain than in the mature phase of
thelife cycle.
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Finally, Figure 5 shows the monthly distribution
of flashes for the two regions of study from October
1999 to March 2000, indicating a larger activity on
Ronddnia during this period.
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200000+
150000+
100000+

50000+

Number of flashes

October/99 December/99 february/00 Average

H Rond6nia
O Southeastern Month

Figure 5: Monthly distribution of the total number of
lightning flashesin Brazil.

Conclusion

From this preliminary analysis, we can see that is
possible to identify the behavior of the cloud-to-
ground and intra-cloud lightning flashes, and compare
the lightning characteristics in these two different
regions of Brazil.
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Abstract

The impact of the four largest refineries of the south-
eastern Brazil on the lightning flash characteristics
has been investigated based on a recent finding by
Orville and Huffines (2000) of a significant effect
related to urban areas of Houston and Dallas, Texas,
and the refineries near Lake Charles, Louisiana. They
found an increase in the flash density by about a fac-
tor o two, which might be related to pollution
through an increase in the number of condensation
nuclei. The analysis was done to the refineries of
Presidente Bernardes, Henrique Lage and Paulinea, in
the stée of Sao Paulo, and Duque de Caxias, in the
state of Rio de Janeiro, based on the lightning data
obtained in the last two (2000 and 2001) summer
seasns. It was found no significant variation in the
total flash density in the regions near the refineries.
The same was found for flash peak current and per-
centage of positive flashes. However, comparing the
flashes that occurred in a circular region centered in
the rdineries with a radius of 10 km with those in a
the region delimited by the radii of 10 km and 20 km
from the refineries, it was found a small increase in
the flash density (from 154 to 2.02
flashes/kmi2.month) and in the percentage of posi-
tive flashes (from 2.7 to 3.6%). Even in this case, no
effectwas apparent in the flash peak current

Introduction

In a recent paper, Orville and Huffines (2000) have
found a significant effect on the lightning flash char-
acterstics apparently related to urban areas of Hous-
ton and Dallas, Texas, and the refineries near Lake
Charles, Louisiana. They found an increase in the
flashdensity by about a factor of two, which might be
related to pollution through an increase in the number
of condensation nuclei. This idea was first suggested
by Westcott (1995). To investigate the possible role
of therefineries on the lightning flash characteristics
in Brazil, we have analyzed lightning data for the last
two summer seasons for the refineries of Presidente
BernardesHenrique Lage and Paulinea, in the state
of SAo Paulo, and Duque de Caxias, in the state of
Rio de Janeiro. The data were obtained during the
summer season of 2000 and 2001 by the lightning
netwwork operated by the CEMIG, FURNAS and
INPE, and includes 14 LPATS and IMPACT sensors
located in the states of S&o Paulo, Minas Gerais, Rio
de Jaeiro, Espirito Santos and Goias. The lightning
data in he regions of the refineries have location
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accuracy of about 0.5 km and detection efficiency
around 80% to 90%. For additional information about
the lightning network in Brazil see Pinto et al. (1999a,
b). The results of this study are presented in this pa-
per.

Results

Figures 1 to 4 show the number of flashes in a 2x2
km gid around the refineries of Presidente Bernardes,
Henrique Lage, Paulinea and Duque de Caxias.
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Figure 1 — Map of the number of flashes arou
the refiney Presidente Bernardes (indicated t
star)

The maps show no significant variation in the total
flash density in the regions near the refineries. To
investigate minor effects that may not be evident in
thesemaps, we have analyzed the flash characteristics
considering all flashes around the refineries as a
unique data set. We compared the flashes that oc-
curred ina circular region centered in the refineries
with a radus of 10 km with those in a the region
delimited by the radii of 10 km and 20 km from the
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refineries. We found a small increase in the flash
density (from 1.54 to 2.02 flasheskm*2.month) and
in the percentage of positive flashes (from 2.7 to
3.6%). Even in this case, no effect was apparent in the
flash peak current.
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Figure 2 — Map of the number of flashes around
therefinery Henrique Lage (indicated by a star).
The scaleisthesame asin Figure 1.

Conclusions

Thiswork shows that the refineries may have a small
effect on the flash density and on the percentage of
positive flashes in the region around them. The effect
would be a small increase in these parameters in a
circular region centered in the refinery with a radius
of 10 km. No effect was found regarding the peak
current of the flashes. The possible effect of the
transport of the pollution by tropospheric winds will
be investigated in anear future.
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Figure 3 — Map of the number of flashes around
therefinery Paulinea (indicated by a star). The
scaleisthe same asin Figure 1.
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Figure 4 — Map of the number of flashes around
therefinery Duque de Caxias (indicated by a
star). The scaleisthe same asin Figure 1.
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Resumo

Descreve-se uma campanha de medidas de mondxido
de carbono (CO), a bordo de avido, para caracterizar a
distribuicdo das concentragdes numa regido em que se
observou um processo especial de transporte das
massas de ar, que pode levar o produto das queimadas
para regides de pouca queima. Para quantificar a
producdo local, foi feito um levantamento
quantitativo sobre os focos de queimada na superficie
com base em dados de satélite. Um programa de
cdculos de trgetdrias foi usado para informar o
padréo de circulagdo de massas de ar na érea de
estudo. As trgetérias em destague definem um
“corredor de circulagdo de massas de a”, onde o
transporte dos gases de queimada € privilegiado. Com
estas informacOes e os dados adicionais de medidas
de concentracdo de CO, obteve-se as proporgdes de
CO, transportadas para diversas regides na area da
circulagdo estudada. O caso mais intenso mostra que
na regido ao norte de Mato Grosso do Sul e sul do
Estado de Goias sdo injetados até 200 ppbv de CO
(da ordem de 70% do valor observado), na época
critica (més de setembro). JA ao norte do estado do
Parana, 45% do vaor observado de CO vem por
transporte das regides de maior indice de queima.

Introducéo

O Brasil apresenta grandes contrastes entre regioes
fonte e ndo fonte de queimada. Esses contraste séo
decorrentes de fatores climéticos (periodo de grande
estiagem) e regionais (predominio de atividades
agropecuarias), no entanto, nestas regides de pouca
gueima medem-se, as vezes, concentragdes elevadas
de gases trago de queimada, devido ao transporte de
poluentes das regifes fonte para as ndo fonte.

Por meio de cdlculos de tragjetérias de massas de ar
identificamos uma regido especial de transporte no
Brasil, corredor de circulagdo de massas de ar, em
baixas atitudes (cercade 0 a4 km), que favorece esse
transporte.

Assim os principais objetivos deste trabalho sdo:

1- obter medidas aéreas originais de CO na regido
influenciada pelas queimadas sazonais do Brasl
Central;

2- redefinir a regido de circulacdo especia de massas
de ar, usando célculos de trgjetoria;

3- usando dados de focos de queimada do
AVHRR/NOAA, definir a producéo local de CO;

4- determinar, finalmente, quanto da concentracdo
observada é produzida localmente e quanto entra por
transporte.

Area de Estudo

Durante o inverno ocorre o deslocamento para oeste
(em diregdo a0 continente) do Anticiclone do
Atléntico Sul (SASH) e o movimento para o norte da
Zona de Convergéncia Intertropical (ITCZ), que
produzem uma subsidéncia de larga escala tipica
sobre o0 Brasil Central e a Amazbnia, deslocando
umidade e nuvens para &eas remotas ao norte e
noroeste da AmazOnia. Esses fendmenos sdo
responsaveis pela escassez de chuvas sobre o
continente e pela definicdo da estagc@o seca no Brasil
Central.

O deslocamento do SASH em diregdo ao continente
favorece a entrada de massas de ar provenientes do
oceano, pela porcdo nordeste do Brasil. Estas massas
de ar, relativamente isentas de contaminagcdo, ao
entrarem no continente brasileiro, passam por regides
fonte de queimada no Brasil Central (bioma cerrado),
que por meio de um escoamento anticiclonico no
continente e da barreira topogréfica natural,
representada pela Cordilheira dos Andes, deixam o
continente pelaregido sul-sudeste.

Utilizando a técnica de cdlculo de trgetdrias de
massas de ar (modelo isentrépico), realizamos um
estudo para redefinir a regido de circulagdo especid
destas massas de ar. A Fig. 1 ilustra esses resultados.
Nesta figura destacamos algumas cidades, como:
Salvador - BA (12° S, 38° W); Palmas - TO (10° S,
48°W), Cuiaba- MT (16° S, 54° W); Campo Grande
-MS(20° S, 54° W) e Curitiba— PR (25° S, 4° W) a
fim de melhor caracterizar esse corredor de circulagéo
de massas de ar (Oceano Atlantico — Regido Central
do Brasil — Regid Sul — Oceano Atlantico) no
continente brasileiro, que define linhas de fluxo
concéntricas que a0 passarem por regides fonte de
gueimada sd0 enriquecidas por contaminantes
produzidos in situ, sendo entdo transportadas, em
geral, num curto intervalo de tempo (periodo da
ordem de 10 dias), para outras regibes ndo fonte.
Nesse trgjeto as parcelas de ar mantiveram em
atitudesentre 2,0 a3,5 km.
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Fig. 1 — Regido de abrangéncia do corredor de
circulagdo de massas de ar, determinada
por calculos de trgjetodrias de massas de ar.

Resultados e Discussoes
Medidas Aéreasde CO

No periodo de 18 a 21 de setembro de 1999
realizamos um v6o com o avido Bandeirante do INPE
a0 longo da &rea do corredor de circulagdo de massas
de ar onde foram realizadas medidas de mondxido de
carbono para atitudes entre 2,0 a 2,5 km (regi&o de
melhor definicdo desse corredor). Objetivamos com
essa campanha ter uma idéa do comportamento e
distribuicBo das concentragdes de monodxido de
carbono ao longo das linhas de fluxo de massas de ar
identificadas pelos célculos de trajetdria de massas de
ar. As medidas foram feitas durante os voos de ida
(trajeto Curitiba — Barreiras) e de volta (trgeto
Barreiras — Curitiba).

As amostras de CO foram coletadas em garrafas de
aco inoxidavel préprias para esse fim, para posterior
andlise, pelo méodo de cromatografia gasosa, no
Laboratério de Ozbnio do INPE. Ao todo foram
coletadas 30 garrafas ao longo da &rea de estudo.

As Figuras 2 e 3 mostram, respectivamente, as
concentragdes obtidas ao longo da area de estudo nos
trajetos de ida (Curitiba — Barreiras) e de volta
(Barreiras — Curitiba). As siglas utilizadas nas
referidas figuras correspondem aos nomes das
principais cidades ao longo do trgjeto. Assim, temos:
BA = Barreiras (BA); CB = Cuiaba (MT); CG =
Campo Grande (MS); CO = Corumba (MT); CR =
Curitiba (PR); UM = Umuarama (PR); PN = Porto
Naciona (TO) e PP = Ponta Pora (MS).

Com os resultados obtidos nesta campanha observou-
se um gradiente de concentragcbes de CO, com
valores maximos em torno de regides fonte de
queimada (Porto  Naciona/TO;  CuiabdMT)
diminuindo gradualmente no sentido de regifes ndo
fonte, evidenciando uma boa relaco entre aumentos
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nas concentragdes de CO e numeros elevados de
focos de queimada (dados de satdlite).
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Fig. 2 — Trajeto de ida ao longo do corredor de
circuagdo de massas de a e as
concentragdes de CO medidas. véo com
avido Bandeirante do INPE periodo de 18 a
21/09/1999.
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Fig. 3 — Tragjeto de volta ao longo do corredor de
circuagdo de massas de a e as
concentragdes de CO medidas. véo com
avido Bandeirante do INPE periodo de 18 a
21/09/1999.



Célculosdos Termos de Transporte

Nesta secdo apresentam-se o0s caculos para a
determinacdo dos termos de transporte de CO,
trazidos de regibes fonte para regides ndo fonte,
desenvolvidos a partir de um formalismo matemético
baseado na equacdo da continuidade e de dados
obtidos experimentalmente (medidas da concentracéo
de CO e dados de satélite de focos de queimada). A
fim de simplificarmos a andlise da area de estudo
gradeamos a regido de interesse em subdreas de
5° X 5° que chamamos de células, e identificamos
pelasletras D1, H, I, J, K, L e N, mostradas na Fig.4.
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Fig 4 — Subdivisio da regido de interesse do corredor
de circulacdo de massas de ar em células de
5 X 5.

Alguns fatores importantes que devem garantir a
eficiéncia da metodologia descrita para a andlise dos
termos de transporte sdo: o fato do gas traco CO
utilizado para esse estudo ser o resultado imediato da
gueima incompleta de biomassa e ter vida média
longa (cerca de dois meses na troposfera), o que nos
possibilita desconsiderar em nossa andlise o termo de
perda da equacdo da continuidade; o padrdo de
circulagdo climatica de inverno da &rea de estudo que
define um corredor de circulagdo de massas de ar
garantindo que haja um fluxo de massas de ar
continuo entre regides fonte e ndo fonte de queimada,
no periodo de queima de biomassa e 0 regime de
larga subsidéncia que favorece a ocorréncia de
gueimadas no Brasil Central e portanto a manutencéo
das fontes produtora.

Com base nos principios de continuidade,
determinamos a equacdo basica a ser aplicada em
cada cdlula para a determinagdo do termo de
transporte. Conforme pode ser demonstrado, a
concentragdo total medida num ponto é devida a
contribuicbes de trés termos. residual, producéo
regiona e a contribuicdo de transporte (isto &, a parte
gue vem de outras regides). Assim, temos:

Cm=Cb+Cr+Ct

#

Onde:

Cm = Concentracéo medida;

Cb = Concentracéo residua;

Cr = Concentracao regiond;

Ct = Concentracéo de transporte.

As concentragdes medidas (Cm) correspondem as
medic¢Oes feitas neste projeto, ao longo da regido do
corredor de circulagdo de massas de ar. Para as
medidas feitas a bordo do avido, usamos altitudes
entre 20 a 25 km. Nesta faixa de altitudes,
experimentos anteriores mostram que as razes de
mistura do CO variam pouco. O uso de avido
possibilita a obtencdo, praticamente simulténea, de
concentragdes de CO a0 longo da &rea de estudo.
Mesmo supondo que num dado loca ndo haa
producdo nenhuma de contaminantes e que n&o
estejam sendo transportados contaminantes de outras
regides, existe uma concentragdo minima denominada
deresidual, como indicado na Fig.5. Em nosso estudo
o termo residua corresponde a um valor médio de
concentragdes minimas observadas durante a auséncia
de queima de biomassa (periodo de chuvas). De
acordo com experimentos anteriores e dados da
literatura, concentragdes médias de CO entre 80 e 100
ppbv sdo valores médios tipicos da porgéo residual .

A Fig.5 mostra o esquema basico de nossa s mulacdo
da variagcdo anual dos contaminantes de queimada. A
curva mostra um vaor medido genérico de
concentracdo Cm, representado para 0 més de
méximo, setembro. A curva senoida representa a
variagdo temporal da contribuicdo regional (mas o
valor de fato é o observado pelo sensor a bordo do
satélite); o valor de base representa Ch, e o termo de
transporte (incognita procurada) esta representado por
Ct. Nota-se que no limite, quando a contribuicéo
regional é nula e o transporte também, o valor de Cm
se confunde com o de Ch. No presente caso, a regiéo
de interesse foi dividida em células, para as quais foi
obtido 0 nimero de focos de queimada.

>
Tempo (més)

Setembro Margo

Fig. 5 — Diagrama esguemdtico da variagdo temporal
da contribuicdo regional (Cr) e definicdo dos
termos Cm, Cb e Ct.
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Define-se o termo de contribuicdo regional, por
exemplo para o més de setembro, como sendo:

Cr=2NF
Onde:
N € o nimero de focos de queimada por célula;
e F é um fator de conversdo, dimensional, de focos de
gueimada para concentracdo de CO (ppbv).
Com base nos valores medidos de CO e por meio de
programa computacional desenvolvido, calculamos o
teermo de transporte Ct, e ainda testamos a
"convergéncia' do formalismo desenvolvido para o
cldculo do termo de transporte, variando o0s
parametros de entrada dentro de uma certa faixa e
[6gica. Objetivamos com isso testar a sensibilidade do
programa em funcdo da variacdo dos parémetros de
entrada. Assim, consideramos a gumas suposi ¢oes:
Trés casos de condi¢des de contorno paraacélulaD1l,
s80 apresentadas onde variamos por hip6tese o valor
do termo de transporte inicial, na primeira regido
(cdulaD1 da Fig.4 = regido de Tocantins), por onde
passam as massas de ar. Assim, temos os seguintes
desdobramentos. Hipdtese de que CtD1 = 0 (supondo
gue as massas de ar vindas do Oceano Atlantico estdo
isentas de contaminagdo, portanto iniciamente n&o
transportam contaminantes para a primeira célula);
Hipdtese CtD1 = 25 ppbv (supondo que as massas de
ar vindas do Oceano Atlantico transportam uma
pequena concentracdo de contaminantes para a
primeira célula); e Hipdtese C, CtD1 = 50 ppbv
(supondo que as massas de ar vindas do Oceano
Atlantico transportam uma concentracdo significativa
de contaminantes para a primeira célula). Os gréficos
comparativos entre os termos de transporte por célula
para as diferentes hipGteses sdo apresentados na
Fig.6, onde os trés panéis representam as trés
condicdes de teste:
Cb =100 ppbv; Cb = 80 ppbv e Cb = 60 ppbv.
As ordenadas na Fig. 6 mostram os valores de
concentracdo oriundos do transporte de CO (resultado
das hipGteses assumidas) e no eixo das abcissas
mostramos os 3 casos de condic¢fes iniciais da cdula
D1.
Verificamos na Fig.6 que os valores calculados ndo
variam muito, mesmo com a variagdo grande imposta
na condicdo bésica que é o valor de Cb (entre 60 e
100). Além disto, os resultados (as 3 barras) também
ndo variam muito com avariagéo de CtD1, que variou
de um fator muito grande (de 0 a 50).
Com base nesta validagdo numérica do modelo,
concluimos que o formaismo desenvolvido,
possibilita a determinagdo do termo de transporte,
uma vez que os resultados sdo convergentes, isto €,
mesmo variando bastante as condic¢fes de entrada do
sistema de célculo, os resultados ndo variam muito.
A partir destas condi¢es de contorno definidas para a
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célula D1 e para N (nimero de focos de queimada)
correspondente a0 més de setembro, obtém-se um
F=0,9 £ 0,2 ppbv de CO por 100 focos.
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Figura 6 — Comparativo entre os termos de transporte
para diferentes parémetros de entrada
considerando os focos mensal de
queimada/cédlula do més de setembro e Cb

=100, 80 e 60 ppbv, respectivamente.

CONCLUSDES

1- Medidas de CO a bordo de aeronave instrumentada
mostraram grandes gradientes de concentragdo, como
previsto. Os valores observados mostraram
concentragdes entre 100 (regibes ndo fonte) e 600
ppbv (em regides fonte).

2- Das condicbes de contorno obtém-se um fator
regional de producéo de CO de 0,9 + 0,2 ppbv por
100 focos de queimada.

3-Calculou-se (com base nas condigbes de contorno
da célula D1 e paa N nimero de focos de
gueimada de setembro) a propor¢cdo de CO que é
importada de regides fonte. Para aregido J, que inclui
o0 sul do Estado de Goiés e o norte do Estado de Mato
Grosso do Sul, isto significa, para uma regido com
muito menos queimadas gque o norte de Mato Grosso,
por exemplo, uma injecdo de até 70 % do valor local
observado de CO. Naregido do Parand, por exemplo,
quase 50 % do valor observado locamente é trazido
paraaregido viatransporte.
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Utilizagdo do Método de Andlise de Componentes Principais para Estudar a Climatologia das Descar gas

Atmosféricasem Minas Gerais

Ruibran Januario dos Reis, CEMIG - PUCMINAS, Brasil

Joao Alberto Pratini de Moraes, PUCMINAS, Brasil

Osmar Pinto Jr., INPE, Brasil

Introducéo

Anualmente caem em média cerca de 1 milh&o de
descargas atmosféricas em Minas Gerais. As chuvas
acompanhadas de ventos e de descargas atmosféricas
s80 as principais causas de ocorréncias de dediga
mentos ndo programados dos sistemas elétricos. Na
CEMIG - Companhia Energética de Minas Gerais, as
descargas atmosféricas representam cerca de 70% dos
desligamentos nas linhas de transmisséo e 20% dos
desligamentos nas linhas da distribuic&o.

A CEMIG estuda o fendmeno das descargas atmosfé-
ricas desde 1971, através do Departamento de Pesqui-
sas, Desenvolvimento e Normalizagdo Técnica, com
um programa de levantamento da atividade elétrica da
atmosfera no Estado de Minas Gerais, compreenden-
do os seguintes levantamentos:

Niveis ceraunicos (9580 postos de observacéo em
Minas Gerais e estados vizinhos), no periodo de
1971 a1995;

Densidade de descargas atmosféricas para terra
(rede com 43 contadores de descargas), no perio-
do de 1984 a 1994;

Dados de descargas atmosféricas registradas na
estacdo de pesgquisa da Serra do Cachimbo, no
periodo de 1985 a 2001;

Dados de descargas atmosféricas registradas no
Sistema de Localizacdo de Tempestades (SLT),
no periodo de 1989 a 2000.

O SLT da CEMIG foi implantado em setembro de
1988, com a configuracdo inicial de 4 detetoras (Trés
Marias, Ipatinga, Lavras e Volta Grande), contando
atualmente com 14 detetoras (Figura 1).

Paraa CEMIG o SLT é atualmente importante para o
acompanhamento das tempestades em tempo real e
para estudos de densidades de descargas atmosféricas
e avaliacdo e desenvolvimento de metodologias para
protecéo de instalagBes do sistema el étrico.

RIOVERDE
.TEES WARS

EMBITEIGI0 IRATIHGH
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& INFE
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Figura 1 — localizacéo das detetoras e entidade a qual
pertencem

O SLT fornece varias informagdes, em tempo redl,
sobre as descargas atmosféricas nuvem-solo, tais
como latitude, longitude, hora (com precisdo de nano
segundo), polaridade e intensidade.

O objetivo deste trabalho € de utilizar 0 método de
componentes principais nos dados do SLT, no perio-
do de 1989 a 2000, para andisar a climatologia das
descargas atmosféricas em Minas Gerais.

M etodologia

Vé&ios trabalhos ja foram publicados com informa-
¢Oes de descargas atmosféricas observadas pelo SLT,
todos eles tendo como objetivo a elaboragdo de uma
estatistica das descargas atmosféricas: Araljo, et al,
1990; Carvaho, et a, 1995; Diniz, et al, 1996; Pinto,
et al, 1999; e Naccarato, K.P., 2001.
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No estudo ora reportado, a quantidade de dados anali-
sados (periodo 1989 — 2000) foi suficiente tanto para
a utilizagdo de uma nova metodologia estatistica
como para o tratamento espacial das descargas em
Minas Gerais objetivando a compreensdo dos fend-
menos meteorol 6gicos rel acionados, seus causadores.

Conforme descrito em Prates (1994), uma grande
vantagem de se utilizar a andlise de componentes
principais é por garantir a ndo imposi¢éo de nenhuma
estrutura externa, ou sgja, ndo introduz idéias precon-
cebidas sobre a estrutura espacial dos dados.

A metodologia de analise de componentes principais
ACP, segundo Diehl e Silva (1992), foi introduzida
em estudos meteoroldgicos por Lorenz em 1956, e
por ele denominada de andlise de funcbes ortogonais
empiricas, parte de uma matriz de dados, com dimen-
sdes nX p condituida de p “varidveis’ medidas
sobre n “individuos’. A ACP procura fazer p com-
binacBes lineares das pvariéveistlxl,xz,...,pr,
tais que cada uma delas capte 0 maximo possivel da
variacdo da matriz de dados X e, simultaneamente,
cada sgja componente linearmente independente das
demais (Barroso e Abreu, 1980).

As componentes principais Y,Y>,...,Y,, podem ser
obtidas a partir das combinacdes lineares das varia-

./'Zj !

i=12,..,p (@D}

Onde Z = [zl,zz,...,zpj € a matriz das varidveis pa-
dronizadas a partir dos dados de X', e a; S0 0s au-
tovetores obtidos a partir da solucdo da equacdo ma-
tricial:

(R-11)a=0 )
Onde R é amatriz de correlagdo, | é o autovaor e
1 amatriz identidade.

Neste trabalho as variavels sdo as densidades médias
mensai s de descargas atmosféricas, periodo de 1989 a
2000, e os individuos sdo os 853 municipios de Mi-
nas Gerais.

A Figura 2 mostra a divisdo municipal de Minas Ge-
rais.
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ESTADO DE MINAS GERAIS
DIVISAC MUNICIPAL
252 MUNICIFIDS
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Figura 2 — Divisdo municipal (853) de Minas Gerais
Resultados

Na Tabela 1 pode-se observar que a primeira compo-
nente principal explica 58% da variancia. A primeira
componente mais a segunda explicam 67% da varian-
cia

i Autovalor | Percentagem | Percentagem
daVaridncia | acumulada

1 6,9394 57,82 57,82

2 1,1534 9,61 67,43

3 0,8847 7,37 74,80

4 0,8276 6,89 81,69

5 0,6122 5,10 86,79

6 0,4527 3,77 90,56

7 0,3177 2,65 93,21

8 0,2437 2,03 95,24

9 0,1988 1,66 96,90
10 0,1382 1,15 98,05
11 0,1152 0,96 99,01
12 0,1207 0,99 100,00

Tabela 1 — Autovetores e percentagens de variancia
explicada correspondente as densidades médias men-
sais.

A primeira componente esta associada ao periodo
chuvoso e a segunda ao periodo seco.

O Mapa 1 mostra os escores obtidos a partir da pri-
meira componente principal para cada municipio
“individuo” de Minas Gerais.

Note-se que o objetivo da andlise de componente
principal € de agrupar os “individuos’, sem levar em
conta 0 seu valor; o agrupamento ocorre em funcéo
da alta correlagéo entre as variavels.



Pode-se observar no Mapa 1 que existem dois padrdes
bem definidos: valores de escores abaixo de zero (-) e
acima de zero (+). Existem dois nGcleos com escores
positivos bem definidos. a primeira regido, que se
estende da Metallrgica para a Zona da Mata, abran-
gendo a regido metropolitana de Belo Horizonte,
Ouro Preto e Conselheiro Lafaiete, e outra, na divisa
das regides do Alto Sdo Francisco e Alto Paranaiba.
Observa-se também, que escores negativos agrupam a
maioria dos municipios de Minas Gerais (regido do
Tridngulo- divisa com Goiés, Sul, Norte, Nordeste e
Leste).
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Mapa 1 — Escore 1, referente a primeira componente
principal

Mapa 2 — Escore 2, referente a segunda componente
principal
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Conclusdes

O método de andlise de componentes principais mos-
trou-se interessante para definicdo dos municipios
mineiros que estéo sob a influéncia de determinados
padrdes de chuvas.

A andlise do Mapa 1, elaborado com os escores obti-
dos da primeira componente principal, mostra que o
padréo de descargas atmosféricas em Minas Gerais
ndo estd somente associado a mecanismos de escalas
sindticas e de grande escala, respectivamente, a Alta
da Bolivia e Frentes Polares (Maia, 1986; Prates,
1994). Portanto, os efeitos locais também sdo impor-
tantes para entender o padr8o das descargas. A pri-
meira componente refere-se ao periodo chuvoso,
outubro a margo, quando ocorrem frentes frias e chu-
vas convectivas com maior freqliéncia

O Mapa 2, por sua vez. mostra os escores obtidos a
partir da segunda componente principal, que se refere
a0 periodo seco - onde junho foi 0 més que apresen-
tou a correlagdo maxima. Fica evidente no mapa a
existéncia de dois grupos distintos decorrentes do
processo de formacdo das chuvas de inverno em Mi-
nas Gerais. As frentes frias que atingem Minas Gerais
durante o inverno ndo causam, necessariamente, des-
cargas atmosféricas, resultando dai um grande nime-
ro de municipios agrupados neste escore. Entretanto,
ocorrem descargas atmosféricas devidas a chuvas pré-
frontais em alguns municipios do Tridngulo Mineiro
e da regido Oeste. A segunda componente principal
mostra que as descargas atmosféricas que ocorrerem
em Minas Gerais no periodo seco (inverno) ndo estéo
associadas a mecanismos locais.
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Abstract

Solar UV observations are made by INPE at the
Brazilian Antarctic Station Comandante Ferraz (62°
S, 58° W) since 1996. In this paper a study on UV-
ozone anticorrelations is made for the year 1998,
using narrowband UV channels (305, 320 nm) and
the UV irradiance ratio (305/320). A large,
exponential relationship between ozone and UV
radiation is seen during the whole year. The
correlation is stronger in the spring compared to
autumn, when the ozone hole develops and there are
huge ozone variations. It is observed that the
utilization of the irradiance ratio improves the
correlation between ozone and UV, because of the
elimination of factors nearly independent of
wavelength, responsiblein part for the UV variability.

Introduction

The solar ultraviolet (UV) radiation in the earth’'s
atmosphere is classified in UV-A (320-400 nm), UV-
B (280-320 nm) and UV-C (wavelength<280 nm).
The UV-C range is fully absorbed in the atmosphere,
while the UV-B range is strongly absorbed by the
ozone layer, and the UV-A range reaches ground
level without much attenuation. Excess UV-B
exposure may cause strong biological damage on
living organisms (Madronich, 1993) while UV-A has
smaller biological effects.

The UV-B-ozone relation is well known and several
studies have been made to correlate ozone variations
with UV-B (Frederick and Snell, 1988; Kerr and
McElroy, 1993; Bais et a., 1993). In the Antarctic
region, the ozone hole development causes very large
0zone variations (Stolarski, 1988) in the spring, and
associated huge UV-B enhancements (Frederick and
Snell, 1988). In this paper a study of the UV (305 and
305 nm) and ozone anticorrelations is made for the
year 1998 at the Brazilian Antarctic Station
Comandante Ferraz.

M easurement Site

The National Institute for Space Research of Brazil,
INPE, has been operating UV and ozone measuring
instruments in the Antarctic region since 1992
(Kirchhoff et a., 1997a,b) with a special

interest in observing the Antarctic ozone hole using
ozonesondes launched on balloons (Kirchhoff et al.
1997c). One of the observing sites is the Brazilian
Antarctic Station Comandante Ferraz, located at the
the King George Idland (62° S, 58° W), near the
Antarctic Peninsula. UV observations started here in
1996, with the installation of a Ground-based
Ultraviolet (GUV) radiometer, model 511-C,
manufactured by Biospherical Instruments Inc.

Instrumentation

The GUV radiometer has 5 wavelengths channels, 4
in the ultraviolet region - UV, at 305, 320, 340 and
380 nm, and one channel in the visible, measuring
photosynthetic active radiation (PAR), at 400-700
nm. The irradiance collector has a teflon diffuser with
diameter of 2.1 cm. Cosine errors are less than about
5% for zenith angles below 70°. The instrument has
an insulated housing and an active interna
temperature stabilizer, which maintains a temperature
of 50.0(0.5)?C (Dahlback, 1996; Fuenzalida, 1998). It
is run by a PC which operates the observation
sequences and stores the data. In general, 5 min
averages are recorded. Calibration of the instrument
has been made originally a the factory, and
calibration checks are performed from time to time,
usually at every 2 years. The spectral response
characteristics of the GUV measurement channels are
presented in Tablel.

Table| - Spectral response characteristics of the UV
instrument (GUV).

Wavelength Band- Peak
(nm) width transmission
(nm) (nm)
305 7Q) 305 (1)
320 11(2) 320 (2)
340 10(2) 340 (2)
380 10 (1) 380 (2)
PAR 400 — 700

Daily average ozone data are obtained by the
instrument TOMS (Total Ozone Mapping
Spectrometer)/Earth Probe.
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Results and Discussion

To study ozone and UV-B anticorrelations, the
irradiance is taken at a fixed solar zenith angle (sza);
the sza variation has a large influence on the solar
radiation variability and in the Antarctic region the
seasonal variation of UV irradiance could be as high
as afactor of 1000, as observed in Ferraz at 305 nm
(PaesLemeet a., 2000).

In Figure 1 are shown the annual variation (1998) of
the dailly maximum UV (305 nm) and the solar
zenith angle. The anticorrelated variation of the UV
radiation and the szais clearly seen.
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Figure 1: Daily maximum UV at 305 nm and solar
zenith angle for 1998.

In polar regions, the solar zenith angle is usually
large; for this study we have chosen irradiance
observations at the solar zenith angle = 75° because it
is present during most of the year. The irradiances
observed near local noon, considered to be the daily
maximum, show little or no correlation with total
ozone, both at low and high latitudes (Kirchhoff and
Echer, 2000). Further, the utilization of an irradiance
ratio improves the correlation; using the ratio of a
wavelength strongly absorbed by ozone and another
one weakly absorbed is away to eliminate factors that
are nearly independent of wavelenght (Frederick and
Lubin, 1994; Kirchhofff and Echer,2000; Echer and
Kirchhoff, 2000).

In Figure 2 are shown the daily ozone (TOMS) and
the irradiance at 305 nm observed at Ferraz, a the
fixed sza= 75° for the year 1998.

In Figure 3 the UV irradiance ratio 305/320 is shown
as a function of total ozone for the whole year 1998.
A very good correspondence is observed, in form of
an exponential relation, between UV irradiance ratio
and total ozone.
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Figure 2: Daily average ozone (TOMS) and UV (305
nm) at sza=75° during 1998.

Irradiance at 305 nm (?Wem“nm’™)

The ozone and UV radiation have a strong day to day
variability, and in the period of spring (julian days
244-334) there are larger variations than in the period
of autumn. It is observed in some days that ozone
decreases abruptly, and UV radiation has some fast
and high increases. In these days the ozone hole is
extending over Ferraz station. The large ozone
variability from day to day in spring is caused
because the ozone hole does not stay all spring over
Ferraz, but the dynamics associated to it makes that
Ferraz sometimes is inside the ozone hole region and
for other days, outside. In the period from September
to November Ferraz is inside the ozone hole at least
40% of the days (Kirchhoff et al., 2000).
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Figure 3: UV ratio 305/320 versus total ozone for the
whole year 1998.

In Figure 4 the UV irradiance ratio 305/320 versus
ozone is shown for the period of spring (September-
November) and autumn (March-May) 1998.
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The large difference in the UV variation is caused by
the large ozone variability in spring, consequence of
the ozone hole development. In spring the relation of
ozone and UV is exponential, similar to the curve
obtained for the whole year, in Figure 3. In autumn,
however, the relation is more linear, with only a small
ozone variation. Total ozone variation (maximumn-
minimum) is 276 DU (Dobson Units) in spring and
only 111 DU in autumn period. It indicates that the
annual variation of ozone has its maximum and
minimum amplitudes in the period of spring, and the
exponential relation shown in Figure 3 during the
whole year is caused mainly by ozone and associated
UV variationsin spring.

To calculate the anticorrelations between ozone and
UV, take the natural logarithm (In) of the irradiance
ratio, and calculate the linear regression of In (UV) x
ozone. In Table Il, the correlation coefficients are
shown for the irradiance at 305, 320 nm and the UV
ratio for the whole year 1998, spring and autumn
periods.

Table I1- Correlation coefficients (r?) between UV
radiation and total ozone.

Channel/ 305nm | 320 nm | 305/320
period
1998 whole 0.43 0.13 0.70
year
1998 spring 0.67 0.22 0.87
1998 0.23 0.07 0.49
autumn

It is observed in Table 2 that the correlation
coefficients are much larger in spring than in autumn,
because of the strong ozone variabilitiy in spring. In
conditions of smaller ozone variations, other
atmospheric factors, such as clouds, have more
influence on UV levels (Frederick and Lubin,1994).
The irradiance at 320 nm has very low or no
correlation with ozone, while the channel 305 nm has
high correlation only in spring. The irradiance ratio
shows high (0.70) and very high (0.87) correlation
coefficients with ozone during the whole year and in
spring, as expected.

Conclusions

The relation between ozone and UV radiation at
Ferraz station was studied. It was observed that this
relation is exponential in form, as expected, with
lower values of ozone implying in much higher UV
intensities, making the anticorrelation very high. It is
observed that the correlation coefficients are high in
spring, the period of ozone hole development, with
large ozone variations, and smaller ones in autumn.
The irradiance ratio shows better correlation with
ozone than a single irradiance channel, because the
elimination of noise.
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Variabilidade espago- temporal daradiancia solar
incidente no oceano Atlantico Sul utilizando o
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Abstract. Due to the important role of phytoplank-
ton in the carbon cycle in the ocean, it is necessary to
understand the relationships between concentration
and distribution of photosynthetic pigments and
physical and biological features that are easily do-
tained. In this work, we use the BRASIL-SR radioac-
tive transfer model to estimate incident solar radiation
over the sea surface with the aid of GOES-8 data. The
estimations are weighed against the available cloud
cover and sea surface temperature data
(SST/AVHRR), and correspond to monthly means for
1998 and 1999. The area to be studied encompasses
the whole Brazilian coastline (34,5° to 55° W and 6
to 34° S). The main goal is to analyze the temporal
and spatial variability on the solar radiation, cloud
cover and SST data in order to identify oceanic e
gions along the Brazilian coast that present potential
characteristics for phytoplankton ocurrences.

Keywords: solar radiation, sea surface tempe-
rature

Introducéo

O estudo da producéo priméria e dos princi-
pais fatores que a controlam é uma érea de grande
interesse na oceanografia.. A caréncia de estudos na
area oceanica adjacente a costa do Brasil e a dificul-
dade de aquisi¢céo de novos dados “in situ”, nos ke
vam a buscar o desenvolvimento de novas metodolo-
gias baseadas em tecnologias como 0 sensoriamento
remoto. As imagens de satélite possibilitam tanto uma
cobertura sindptica como uma repetitividade adequa-
da para estudos de séries temporais, possibilitando
desta forma uma melhor compreensdo dos fenémenos
fisicos e bioldgicos em questéo.

A radiacdo solar incidente na superficie do
oceano nafaixado visivel é aprincipal fonte de ener-
gia para a fotossintese marinha. Tanto a distribuicéo
vertical da biomassa fitoplancténica como o supri-
mento de nutrientes para o interior da zona eufética
dependem do grau de estratificacéo da coluna d' &gua,
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e portanto, ligados as flutuagGes diarias do balanco de
calor oceano-atmosfera (Marra, et a., 1990), onde a
radiancia solar é a principal componente. Espera-se
entdo uma relagdo entre distribuicdo de biomassa
fitoplanctdnica nas camadas superficiais do oceano e
aradiagcdo solar incidente. Todavia, se considerarmos
a cobertura de nuvens como um agente modulador da
radiacéo solar na superficie, faz-se necessario conhe-
cer sua variabilidade no tempo e espago para que seja
possivel avaliar sua influéncia nos processos biol 6gi-
cos (Bishop et al., 1991).

O presente trabalho tem como objetivo anali-
sar avariabilidade temporal e espacial da cobertura de
nuvens e da radiacdo incidente na superficie, gerada a
partir do modelo de transferéncia radiativa BRASIL-
SR, juntamente com estimativas de temperatura su-
perficial do mar (TSM). Os mapas gerados para as
variaveis em questao serdo utilizados posteriormente
para estimar regides potenciais para a ocorréncia do
fitoplancton marinho.

Area de estudo e M etodologia

A &rea de estudo abrange a por¢do oceéanica
do Atlantico Sul adjacente a costa brasileira, entre as
latitudes 6° N e 34° Se aslongitudes 34,5° e 55° W.

O modelo de transferéncia radiativa utilizado
neste trabalho baseia-se no modelo alem&o desenvol-
vido por pesquisadores do Centro de pesquisas
GKSS. A versdo brasileira denomina-se BRASIL-SR
e vem sendo desenvolvida e implementada através de
uma colaboracdo entre o Instituto Nacional de pesqui-
sas Espaciais (INPE) e a Universidade Federal de
Santa Catarina (UFSC) (Pereiraet al., 1996).

O BRASIL-SR é um modelo fisico para o
cdlculo da radiagdo incidente a partir de imagens de
satélite geoestaciondrio GOES-8 no canal do visivel
(0,4 a 1,1 nm), e baseia-se na determinagédo da trans-
miténcia das diversas camadas atmosféricas (veja
Almeida, 1998 para detalhes). O modelo assume a
existéncia de uma relacdo linear entre o fluxo de

radiag&o solar incidente no topo daatmosfera (| 0 _)
e o fluxo de radiacdo solar incidente na superficie
i _), seguindo:

s

i, = |.neff Ciowa T (1' Ry clearJi o
(1)

onde 1, € o indice de cobertura efetiva de nuvens,

t clear
t,,.. éatransmitancia para céu totalmente nublado,

€ a transmiténcia para condi¢des de céu claro e

ambas derivadas do modelo pelo emprego do algo-
ritmo de transferéncia radiativa conhecido como
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modelo de dois fluxos, ou “two-stream” (Lenoble,
1985).

O modelo considera a cobertura de nuvens
como principal fator de influéncia sobre a transmitan-
cia atmosférica, € num primeiro momento, calcula o
coeficiente de cobertura efetiva de nuvens usando os
dados GOES. A radiancia incidente é entdo estimada
com a entrada de dados atmosféricos climatol gicos.

Os dados orbitais do satélite GOES-8 foram
adquiridos e armazenados na Divisao de Satélites
Ambientais do INPE/Cachoeira Paulista, com uma
resolucao espacial de 0,5° X 0,5 e resolugao temporal
de 3h (8h45, 11h45, 14h45, 17h45 e 20h45 GMT).
Essas imagens séo arquivadas no Labsolar da Univer-
sidade Federal de Santa Catarina (UFSC).

Os demais pardmetros de entrada no BRASIL-
SR sd0 a umidade relativa do ar, a presséo do ar ao
nivel do mar, a temperatura do ar acima da superficie
da &gua, juntamente com os dados médios de cobertu-
ra de nuvens e foram adquiridos da base de dados
DASILVA SMD94 climatology, que € uma compilago
do Comprehensive Ocean-Atmosphere data Set (CO-
ADS, veja http:/ ingrid.ldgo.columbia.edu/ SOUR-
CES/ .DASILVA/ .SMD94).

O banco de dados médios mensais de TSM
foram coletados pelo sensor Advanced Very High
Resolution Radiometer (AVHRR) a bordo do satélite
NOAA-14 e obtidos diretamente da NASA
(ftp://podaac.jpl .nasa.gov/pub). Utilizaram-se produ-
tos TSM dispostos em grades equidistantes de 54km
(Equador =55,60 km por pixel) contendo 720 colunas
por 360 linhas, para coincidirem com os dados de
radiag@o incidente gerados pelo modelo, consequen-
temente, uma grade de 0,5° x 0,5 (360/720 ou
80/360) em longitude e latitude. Foram extraidos os
valores de TSM referentes as coordenadas centrais da
grade do modelo visando a elaboracdo do plano de
informac&o (Pl) referente a esta variavel.

A organizacéo do banco de dados de radiacéo
utilizou programas em linguagem C para extracdo dos
dados do arquivo original de saida do modelo. Foram
calculadas as médias mensais para os horarios de 12,
15 e 18h GMT. A estimativa dos horédrios de 9 e 21h
foi feita através das equacbes a seguir:

Id :19 +112 +115 +118+121

Ki=—

0
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ke (12)=kr (9 Kt (18) =k (21)

1(12) _1(9 1(18) _1(21)
1,(12) 1,9 1,(18) 1,(21)
_ 1(12) _ 1(18)
1(9)=1,09 1(21)=1,(21)
1,(12) 1,(18)

1(9)=1,09K,(12) 1 (21) =1,(21)K¢(18)

onde: I, e ] sd0 as irradiancias medidas para o topo da
atmosferae paraasuperficieeK#(12), (9), (18) e (21)
correspondem aos indices de nebulosidade para os
horériosdas 12,918 21 UTC. O comportamento
médio diério foi obtido a partir da integragédo da radi-
acdo média em cada horario.

O banco de dados de nuvens e TSM foram
€elaborados a partir dos dados originais sendo necessa-
rio apenas a extracdo da matriz referente as coordena-
das deinteresse.

Foi feito o cdlculo das médias anuais para as
trés varidveis em questdo e suas respectivas varian-
cias.

"1, Iy
J.r"'.‘.i"jvd_,;"" rr.,_.:- f) }rt rl.,céf.zf x‘;. y g

R e gl \Ld .ii: 4'.l|= lj.dl f.‘ f.‘]‘ Y b
Resultados e discussoes

Figura 1 — Mapas médios mensais de radiagao solar
incidente, climatologia de nuvens e TSM.

A Figura 1 apresenta os resultados da variagdo mensal
de radiac@o solar incidente na superficie oceénica,
juntamente com o padréo climatoldgico de nuvens e
as respectivas médias mensais de TSM associadas.
Pode-se observar que os padrdes de radiagdo solar
para 0s meses de outubro a mar¢o mostram-se coe-
rentes com as variagdes mensais nos padrdes de TSM

de dezembro a maio. A resposta da TSM a variagéo



de radiacdo solar incidente apresenta uma defazagem
temporal, a qual pode ser explicada por ato calor
especifico dadgua.

Radisghio Solar

Muvens

hAddia

Nariancia

Figura 2 - mostra as médias e variancias temporais
e espaciais da radiacéo solar incidente obtidos pelo
modelo BRASIL- SR e os mapas associados de vari-
abilidade de TSM.

Os resultados apresentados na Figura 2 mostram uma
boa correlacéo entre os mapas de variancias da radia-
¢do solar e da TSM indicando que a relagé@o entre
estas duas variaveis ndo sofre muita influéncia das
varidncia anual de nuvens. Os maiores valores de
variéncia encontram-se na porc¢éo sul da érea de estu-
dos, o que poderia ser explicado pela influéncia lati-
tudinal navariabilidade anual.

Considerando que a dependéncia da luz para o
crescimento do fitoplancton e acimulo de biomassa é
bem conhecida, espera-se com estes resultados preli-
minares estabelecer regides de maior potencialidade
para o desenvolvimento do fitoplancton marinho e
posteriormente correlaciona-las com as imagens de

#

clorofila. Estes estudos adicionais deverao incorporar
andlises estatisticas de coreelagdes e tratamento dos
dados através de sistema de informagao geogréfica.
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A New LWD Directional Resistivity Tool for Geosteering
T. Hagiwara, Terry Research and Development, Houston, TX, U.S.A., terryh@pdqg.net

Abstract

A new LWD resistivity tool is proposed that
incorporates antennas tilted from the logging axis. In
horizontal drilling its deep depth of investigation
allows the tool to detect an adjacent bed from a
distance. Due to the tilted antennas, itsresistivity
measurement is azimuthally sensitive. Hence, the
direction of the adjacent bed can beidentified. Ina
vertical well, the tool can measure both horizontal
and vertical resistivities simultaneously.

Introduction

In geosteering operations awell isto be placedin a
targeted pay formation for maximum exploitation of
the reservoir potential. There are two major factors
that may affect the success of designed well
placement. Thefirst is the uncertainty in the 3D earth
model that defines the target pay formation in well
planning. The second is the error in execution of
directional drilling. Consequently wells often deviate
from the targeted formations. The well must then be
directed to re-enter the target formation.

The LWD measurements are used as a havigation
when wells are drilled. For example, conventional
LWD resistivity data can identify bed interfaces as
the tool crossesthem. However, the upward or
downward direction of interface crossing cannot be
determined. Some directional LWD measurements,
e.g., thedirectional gammalog and Bit-resistivity log,
can distinguish the direction of bed crossing.
However, their range of investigation is very shallow.
When the tool registers the bed crossing, the drill bit
is aready in the wrong formation. The bit hasto be
pulled back and re-oriented or the well hasto be
directed to re-enter the formation some distance
away. It isdesirable to have adirectional LWD tool
with adeeper depth of investigation. Then an
approaching bed interface can be detected at a
distance. The directional datawill provide guidance
for drilling navigation to avoid the approaching bed
interface.

This paper describes an LWD directional resistivity
tool that has an azimuthally senstive response (Ref.1).
In conventional LWD induction tools, transmitter
antennas and receiver antennas are wound around the
tool axis. The plane of the antennais normal to the
tool axis. The proposed new tool is also an induction-
type conductivity measurement tool. In thistool,
however, either the transmitter or the receiver, or
both, istilted at a certain angle with respect to the
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tool axis. Thistilted antenna placement breaks the
axial symmetry of the tool, and thus the tool response
isazimuthally sensitive (Ref.2). The depth of
investigation is controled by the transmitter-receiver
spacing. At 500 kHz, the adjacent conductive bed can
be detected from about 40-in. away for 40-in.
transmitter-receiver spacing. This azimuthal
sensitivity not only determines the direction of the
adjacent bed, but also helpsto identify the presence of
adjacent bed itself.

In order to evaluate the tool’ s proximity detection
capability, tool responses were examined for an
adjacent bed in a horizontal well for different
transmitter-receiver spacings (from 30 in. to 60 in.),
at two different frequencies (2 MHz and 500 kHz),
and for the tilt angles from 90 degrees to—90 degrees.
The difference between the tilted antenna responses
and corresponding conjugate responses were highly
sensitive to the presence of an adjacent bed for tilt
anglesin the range of 45- to 60-degrees.

In this new resistivity concept, either transmitter or
receiver has to betilted. Both the transmitter and
receiver may betilted. In LWD operation, the tool
rotates in the borehole. The conjugate response is
obtained when the tilted antennatool rotates by 180
degrees. Sometimes the tool slides asin particular
LWD operations or when incorporated into coiled
tube drilling bottom hole assembly (BHA). To obtain
conjugate response in such cases, a set of threetilted
antennas has to be used. Any tilt angle can be
reconstructed from the original responses from these
three antennas.

Directional Induction Conductivity Tool

PDr ES XD

P, P F P

conventional DRT DRT DRT-1
at conjugate
direction

Fig.1 Antennasin DRT
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