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Ahstract

Total QOzone Mapping Spectrometer (TOMS) instruments have been flown on NASA/GSFC satellites for over 20
years. They provide near real-time ozone data for Atmospheric Science Research. As part of preliminary eftorts
aimed to develop a Lidar station in Nigeria for monitoring the atmospheric ozone and aerosol levels, the monthly
mean TOMS total column ozone measurements between 1979 to 1999 have been analysed. The trends of the
total column ozone showed a spatial and temporal variation with signs of the Quasi Biennial Oscillation (QBO)
during the 20-year study period, The values of the TOMS total ozone column, over Nigeria (4-14°N) is within the
range of 230-280 Dobson Units, this is consistent with total ozone column data. measured since April 1993 with
a Dobson Spectrophotometer at Lagos (3°21’E, 6°33'N), Nigeria.
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1. Introduction

Characterisation and parameterization of the
profiles of liquid aerosols, solid particles like
dust, and atmospheric gases (O,, CO,) are im-
portant for weather forecasting, climate model-
ling and environmental monitering. Quantify-
ing the anthropogenic contribution to the cur-
rent problem of ozone depletion can be difficult
due to the periodic injection of aerosols from
volcanic eruptions, global transport and the in-
teracting reservoir of aerosols (Barnes and Hof-
mann, 1997).

Several workers (Fishman and Larsen, 1987;
Fishman and Watson. 1990; Andreae ¢t af., 1992)
have reported the existence of high levels of
tropospheric ozone and aerosols in the tropics.
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This has been linked to photochemical ozone
production through biomass burning (Fishman
and Larsen, 1987; Andreae et al., 1988; Cros
et al., 1988; Fontan er al., 1992, Kundu and Jain,
1993). It should be noted that in West Africa
(longitudes 20°W-20°E, latitudes 0°20°N), most
of the precipitation and associated thunderstorms
is recorded during the monsoon months of April
to September. It had been snggested (Cros et al.,
1988; Randriambelo et al., 1999) that signifi-
cant convection, lightning, in addition to fires,
can be potential contributors to ozene produc-
tion by generating NO, in the middle and upper
troposphere. Since the atmospheric chemistry
over the tropics is greatly influenced by tropical
rainforests which have great biomass activity
coupled with the Savannah where large-scale
bush burning incidents are prevalent, real-time
atmospheric measurements need to be under-
taken. Atmospheric ozone and aerosol levels in
West Africa are sparse and discontinuous. Of
the 26 African stations in the World Ozone and
Ultraviolet Radiation Data Centre (WOUDC)
archive (http://www.lor.ec.gc.ca/woudc), only
one of them, Lagos. Nigeria (3°21'E, 6°33'N,



10 m above sea level), is located in West Africa.
The measurements ol the total ozone column
ozone with the Dobson Spectrophotometer, start-
ed at the site in April 1993,

Nigeria, a country of over 100 million peo-
ple with a land mass of about 900000 kn', is
located between latitudes 4-14°N and longi-
tudes 2-16°E, with diverse climates, ranging
from equatorial in the coastal areas, tropical in
the centre with semi-arid climates in the north-
ern part bordering Lake Chad (about 15°N, 14°E)
and Sahara desert (about 20-25°N, 10°E). Re-
garding the terrain, there are southern lowlands
merging into central hills and plateaus and moun-
tains in the south-east bordering Cameroon. The
poorly-studied Cameroon mountain which has
an altitude of 4100 m is located around [0°E
and 5-8°N, modulates the ozone and aerosol
levels over West Africa through its frequent
volcanic eruptions. The most recent volcanic
eruption was between March 28-June 10, 1999
(http://www.boh.org). Since Nigeria is a micro-
cosm of West African weather and climates,
monitoring its ozone and aerosol levels will not
only contribute to global atmospheric research
but help in sustainable regional planning.

Related studies have been done elsewhere in
Africa. Cros ef al. (1988) presented seasonal
trends in tropospheric ozone measured in Con-
g0 (4°20'S, 15°20°E) between 1983-1986. They
noted that emission of precursor gases from
biomass burning lead to high ozone values in
the boundary layer especially during the dry
season. In the tropics, ozone is transported from
the upper troposphere to the lower stratosphere
due to the fountain effect caused by cumulo-
nimbus thundercloud columns (Kundu and Saha,
1987), presence of excess CO_and NO, from
agricultural activities like biomass burning (Cros
et al., 1988, Kundu and Jain, 1993, Randriam-
belo et al., 1999). Kalicharran et al. (1993) had
noticed a dominance of Quasi Biennial Qscilla-
tion (QBO) while analysing TOMS Nimbus 7
satellite data over South African stations. In this
paper, we present the TOMS satellite total col-
umn ozone levels over West Africa for the peri-
od 1979 to 1999 measured with the Nimbus 7,
Meteor 3 and Earth Probe satellites, This work
concerns some features of QBO in the ozone
data over West Africa. This study can be consid-
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ered a baseline for our long-term goal of design-
ing a Lidar station for monitoring tropospheric
and stratospheric ozone and acrosol levels in
Nigeria. The site, located at Imo State Universi-
ty, Owerri (5°29'N, 7°12°E, and 35 m above sea
level), will consist of a DIAL (DIfferential Ab-
sorption Lidar) ozone system and Rayleigh-Mie
Lidar (Masci, 1999). This project could be de-
veloped within a collaboration between the
University of L’Aquila, Istituto Nazionale di
Geofisica and Imo State University.

2. Data and methodology

Total Ozone Mapping Spectrometer (TOMS)
instruments were flown on four NASA/GSFC
spacccraft: Nimbus 7 (November 1978 - May
1993), Meteor 3 (August 1991 - December 1994),
ADEOS (September 1996 - June 1997) and Earth
Probe (July 1996 - present). In this study, the
Nimbus 7, Meteor 3 and Earth Probe TOMS
zonal monthly mean total column ozone data for
the years [975-1999 were analyzed using Grid
Analysis and Display System (GRADS) solt-
ware (http://www.grads.iges.org). The ADEOS
data that completely overlaps the Earth Probe
was not used. There were no TOMS data for
the year 1995 and between January-July 1996,
The TOMS data for each day are gridded into
| degree latitude zones by 1.25 degree longi-
tude zones. Latitudes go from —90) degrees (the
South Pole) to 0 degrees (the equator) to +90
degrees (the North Pole) in 1 degree steps, s0
there are 180 latitude zones. On the other hand,
the longitudes go from —180 (west longitude)
to (0 (Greenwich, England) to + 180 (east longi-
tude) in 1.25 degree steps, so there are 288
longitude zones. Other details about the TOMS
instruments like orbital characteristics, instru-
ment and measuring techniques can be found
on the NASA TOMS web page (htip://jwocky.
gsfe.nasa.gov/).

For the purpose of this work, West Alrica is
taken as the region of Africa between latitudes
(-20° north and longitudes 20° west to 20° east.
This was done to take the modulators of the
local weather and climate over the region into
consideration. They include Cameroon moun-
tain (around 10°E, 5-8°N) which is a known



source of volcanic aerosols, tropical rainforests
and associated biomass burning in the Sahel
region, gases arising from [ossil fuel burning
and UV-absorbing aerosols from dry areas near
Lake Chad (around 15°E, 15°N) and Sahara
desert near 20°N. Such dry areas contain lots of
fine particulate matter that can be easily trans-
ported by winds. There are also thousands of oil
wells in Nigeria with the associated gas (lares
since the late 1960’s. Regarding the climate of
the study area, most of the rainfall is recorded
between the months of April-October. while the
main dry months are October-March. The peak
cases of biomass burning are between Decem-
ber-March while the lightning discharge is pro-
nounced during the wet monsoon months. Ear-
lier workers (Fishman and Larsen, 1987; Cros
et al., 1988; Fishman and Watson, 1990; Andre-
ae ef al., 1992: Kalicharran er «f., 1993) had
noted that biomass burning and lightning dis-
charges affect the tropospheric ozone levels in
the tropics.

3. Zonal moenthly mean ozone levels over
West Africa between 1979 and 1999

The zonal mean TOMS total column ozone
data for the years 1979 to 1999 over West Africa
(0-5°N. 5-10°N, 10-15°N. 15-20°N latitude
bands) are presented in figs. | and 2. No meas-
urements were available for the months of June
1979, March, June, July and October 1993 and
January, February, August, September and De-
cember 1994, all 1995, and from January to July
1996.

The minimum values of the TOMS ozone
data (figs. 1 and 2) are recorded in the months of
December to February when the lower atmos-
phere over the region contains dust particles
from the Sahara desert. This period is also char-
acterized by biomass burning, which signifi-
cantly affects the photochemical production of
ozone in the lower atmosphere (Cros er al.,
1988; Kalicharran et ai., 1993). This is contrast-
ed with the higher values during the wet season
(April-September), with the peak amounts ob-
served between July and September, when thun-
derstorm and lightning activities, as well as dy-
namical convection, are enhanced.
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A simple analysis of TOMS ozone data maxi-
ma and minima show that similar values occur
in about 24-months. This is more evident in
0-5°N, 5-10°N bands (fig. 1). We further inves-
tigated the QBO signatures by plotting the dit-
ferences between the total ozone columns and
the monthly climatological mean (figs. 3 and 4).
In the 0-3°N band of West Africa. the QBO fea-
tures are quite evident along the whole data sel.
The QBO seems still to be present in 5-10°N
band, but with a reduced amplitude.

In table I, we present the zonal statistics of
the TOMS satellite total ozone column meas-
urements over West Africa concerning the
20-years period. We report the yearly average
values, minima, maxima and standard devia-
tions. Most ol the maxima are in the July-Sep-
tember period, when biomass burning activity is
lower than lightning effects. Between 0-5°N,
the lowest value of the total ozone was 234.8
DU (February) in 1987 (El Nino year). The
0-5°N 1987 data also have the highest value of
standard deviation. The data for the other El
Nino years (1982 and 1983) show similar fea-
tures. Generally the data show that the total
ozone column increased from the equator in-
wards. The standard deviation of the TOMS
satellite ozone measurements are higher between
latitudes 5-20°N, where the elfects of biomass
burning can be more pronounced.

4. Discussion and concluding remarks

In this preliminary work, we analysed the
zonal mean TOMS total column ozone data
measured by three of the NASA/GSFC satel-
lites (Nimbus-7, Meteor-3 and Earth Probe)
between January 1979 and December 1999. The
duration is long enough to make some observa-
tions about the Quasi Biennial Oscillation trends
over West Africa. The dry season (January-
March), which also marks the northmost ascent
of the Intertropical Convergence Zone (ITCZ),
recorded the lowest [evels of ozone, while dur-
ing the wet season, the highest amount of total
ozone was observed, The West African ozone
levels may be modulated by lightning discharg-
es, the more evident increases appear in August,
during the southmost descent of the ITCZ (Cros
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Fig. 1. Zonal mean TOMS total column ozone levels over West Africa between 1979 and 1999 in the months of

January to December for latitudes 0-5 and 5-10°N.
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Fig. 2. As fig. | for latitudes 10-15 and 15-20°N.
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Fig. 3. Differences between the zonal mean and monthly average (1979-1999) TOMS total column ozone levels
over West Africa between 1979 and 1999 in the months of January to December for latitudes 0-5 and 5-10°N.
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Fig. 4. As fig. 3 for latitudes 10-15 and 15-20°N.
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et af., 1988: Kundu and Jain, 1993, Randriam-
belo ef al., 1999). A detailed analysis of photo-
chemical processes involved in catalytic ozone
destruction in the lower atmosphere will proba-
bly shed more light on this. Some {eatures of El
Nino Southern Oscillation (1982, 1983 and 1987)
evidently influence TOMS satellite measure-
ments. The role of the El Nino Southern Oscil-
lation phenomenon, especially on the tropospher-
ic ozone amounts, needs to be investigated with
altitude resolved measurements (i.e. Lidar).

The TOMS observations in the 5-10°N band
agree with the measurements of a Dobson spec-
trophotometer located at Lagos, Nigeria.

In the months of July to September when the
greatest frequency of precipitation is recorded
in the region, the incidence of lightning and
associated released NO, gases is greatest over
West Africa. The values of the TOMS satellite
total column ozone measurements were lowest
during the months of October-February, when
the incidence of biomass burning and convec-
tive atmospheric current arising from lightning
discharges is lowest. According to Winterrath
et al. (1999), the convective zones, which are
normally associated with biomass burning in-
duce vertical mixing thereby affecting the ozone
concentration in the lower atmosphere,

The measurements made at Brazzaville, Con-
g0 had provided evidence for large-scale photo-
chemical ozone production in West Africa (An-
dreae at al., 1992). These results agree with
those of Cros et ¢l. (1988), Fishiman and Watson
(1990) and Andreae er al. (1992).

Since the long term goal of this work is the
establishment of a lidar station for monitoring
ozone and aerosols in the troposphere and strato-
sphere over Nigeria, the results presented in
this paper and those of earlier workers (Cros
et al., 1988; Kalicharran ef al., 1993) over Afri-
ca will be a boost in that regard. While greatly
appreciating the work of the NASA/Goddard
Space Flight Center (Code 916) for continuous
efforts at maintaining the TOMS program since
its inception more than 20 years ago, the need
for multiplying the present network of ozone
sonde and lidar stations world-wide, especially
in the tropics, needs to be considered for a better
understanding of the troposphere and strato-
sphere.
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