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ABSTRACT

The present experimental study was conducted tatondhe aerosol particle concentration and
carbon dioxide gas concentration in Gaborone, Batsav The measurements of concentration
of aerosol particles larger than 0.3 pm and carbdioxide gas concentration in Gaborone,
between September 2006 and August 2008 were madE2 aboon everyday. Particle
measurements were made using a battery -poweredl lneld particle counter-model HHPC- 6 -
Met One. Carbon dioxide gas concentration measun¢nmwas made using Horiba VIA-510 gas
analyzer. The collected data was analyzed usinglgcal and traditional statistical techniques.
A new classification criterion is introduced to gy severity states of airborne particles. Two
new measures to assess the symmetry of countsesftgestates and spread of severity states
around the normal states are proposed. This studyws that the mean monthly particle
concentration increases and becomes its maximumglwinter [June-August]. Similar trend is
also observed with the mean monthly carbon dioxjde concentration. The new measures
proposed reveal a strong correlation between thibane particles, precipitation and biomass
burning. The particles and carbon dioxide origindtem vehicular emissions and biomass
burning. In Botswana, during winter the biomas$ysand large used in cooking and heating
purposes. It is worthwhile to note that 47% of wwrld biomass is burnt in African continent.

Keywords: Atmospheric aerosols, Biomass, Multinomial mod&tasonal impact, Dispersion
and volatility index.

INTRODUCTION

The road side particle concentrations in urbansadepend on vehicle characteristics, traffic and
weather conditions and the geographic and builirenmnent characteristics of the local site.
Biomass burning has also been identified as a msgorce of particle concentration as it
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releases a large amount of particulate matter,3JL,Zhe composition of atmospheric particulate
matter is an important factor in component depwositicloud condensation nuclei, source
apportionment and its origin. [4,5,6].

This type of study could reveal the effects of spealticle concentrations in the environment. A
study on thermal implication of oil spillage on el soil samples obtained from different
locations of the Niger Delta shows that spills oil samples reduce the density of the soil. This
has effect on the use of land (soil) for agricdtand habitation in addition to the effect on the
geologic controls [7]The accumulation of heavy metals in aquatic badt® has become a major
problem. This is because most humans consume fishrasthese polluted water bodies and this can
cause health problems [8].The high concentratidrGhsomium, Cadmium, Copper, Lead and Zinc
were found in the muscle tissues of commerciallponant fishes. This is due to the release of
fertilizers and pesticides to rivers by metal pssteg industry and sugar mill industry as was®s [
Studies also showed that groundwater contamindiioriluoride (F) can result from the natural
dissolution of minerals from subterranean strditaese inorganic contaminant in drinking water is
known to cause serious health problems when themuzx contaminant levels (MCL) exceed 1.5
mg/L [10].

Botswana is a land-locked country in southern Afiscirrounded by Namibia to the west, South
Africa to the east and south and Zambia and Zimleatonthe north. It has a population of about
1.6 million, and a total area of about 58173(°kithe Country lies between longitudes 20 and
30 degrees east of Greenwich and between thedesittil8 and 27 degrees approximately south
of the equator. It is approximately 500 km from tiearest coast line; to the south west [11].
There are approximately 125 motor vehicles for wv#000 people. The total number of
registered vehicles has increased from 31684 irD 188ust over 200000 in 2006 [12]. This
increase in vehicle population also contributed very the particle concentration in the
atmosphere of Gaborone. This country is hot andairynuch of the year. The rainy season is in
summer, which brings high temperature and is iwbeh November and March with the peak in
January and February. Rain is unpredictable andmal sometimes followed by sunshine. The
mean annual rainfall is about 650 mm in the naatid 250 mm in extreme south [13]. Winter is
in between May and August. Winter days are sunmyvaarm; but night temperature can drop
below freezing point in some places. Biomass bgrnsmcommon during winter and releases
particulate matter in the sub micrometer size raageell as other gases such as carbon dioxide.

The objectives of this study are the following:

a) To define a notion of severity for airborne padgland propose a classification rule for
identifying different severity states given a tisexies data of airborne particles.

b) To build a probabilistic model that best explail® tuncertainty in the movements of
monthly airborne particle measurements from oners\state to another.

c) To propose a new index of dispersion that will hedpcompare airborne concentration
measurements over the entire study period andiaddity across the seasons.

d) To propose a new index of volatility to measuredbgiance between observed and assumed
probability model of the severity states.

e) To examine if there is a correlation between roge particle concentration and carbon
dioxide gas concentration measurements duringttity period.
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f) To see if there is any systematic trend in road palticle concentration and carbon dioxide
concentration measurements.

g) To understand and interpret the monthly variationgirborne particles by accounting the
presence of concomitant factors such as precipitatiiomass burning, vehicle emissions, etc.

MATERIALS AND METHODS

Methodology

2.1 Background of the data

The aim of the present study was to examine thesaéparticles and the carbon dioxide gas
concentration in the atmosphere of Gaborone. A¢nesicles were taken from air which was
sampled around the University of Botswana campes two years. Particle measurements were
made using a battery -powered hand held particienteo-model HHPC- 6 - Met One. This
instrument counts particles larger than 0.3 pumassgmg them into six size range8.3um,>
0.5um,> 0.7um,>1.0um,>2.0 pm, and>5.0 um. It also measures relative humidity and
temperature. Carbon dioxide gas concentration measnt was made using Horiba VIA-510
gas analyzer. This analyzer uses an infra red ptisormethod which offers superior sensitivity,
selectivity, and stability. Data were collectedl200 local time every day. This time was chosen
as the observations at other times were not staltle respect to traffic. More over air was
relatively clean and calm during this time. Thelydiata collected is not reported here but can
be obtained from the first author on request.

The study period was from September 2006 to Au@@i8. During this period, particle
concentration and carbon dioxide concentration oreasents were taken on suitable days in
each month. The frequency of sampling in each meatired from six to twenty four days
depending on the availability of experimental, haraad capital resources.

The recorded measurements were grouped into twmatision overlapping seasons namely
Non-winter season (November, December, Januaryfukely March April, September and
October), and winter season (May, June, July andust). This classification of seasons is
consistent with the practice followed by Botswanat&brological Services. Thus, for the non-
winter season, observations were obtained for 16tinsoand for winter season for 8 weeks. No
observations were collected during the month ofdb@wer 2006. Based on the daily data, the
summary statistics, such as minimum, maximum, neah variance of particle concentration
and carbon dioxide concentration measurementhétwo seasons were computed. The results
are displayed in table 1.

Tablel. Summary statistics —Average particle and C©concentration in cmi® units

Season Variable No. of Months Minimum Maximym MeaWVariance
Winter Particle Conceqtratio1 8 3.63 335.2% 73.f0 2978.67
CO, Concentration 8 227.00 441.00 35233 127236
Non-winter Particle Concer_ltratim 15 5.57 192.32 73.24 1785.97
CO, Concentration 15 291.00 472.0Q 350/03 170707

From Table 1, it is evident that both mean aerpsalicle concentration and G@oncentration
measurements for the winter season is more thasetfor the non-winter season. Further,
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particle concentrations vary in between 3.63 pgicm® and 335.25 particles cirduring the
non-winter season, while for the winter seasorctireesponding values are 5.57 and 192.32. As
can be seen from the table, particle concentratieasurements are subject to large magnitude
of variations due to one or more factors and thisation is significantly more during the winter
season than during the non-winter season. A similand is visible in respect of GO
concentration measurements across the two seasons.

2.2 The need for an alternative approach

From a practical point of interest one may be ggted to see if the mean aerosol particle
concentration and carbon dioxide concentration oreasents are somehow related over the
study period. The conventional correlation coedfitimay not be an apt measure of this relation
as it is hard to pinpoint a cause and affect refatiip between these two variables of interest.
However, both these variables owe their root to @neore pollution sources such as biomass
burning, industrial emissions, automobile emissietts However, a simple trend analysis of the
two variables may give the direction of movemeningsacted by such extraneous factors.

As the atmospheric aerosol particles and,Gncentration measurements are known to
influence climate adversely, it may be of intetesstudy the monthly variations in an objective
way. The new approach used is based on recogmititre fact that it is not only the presence of
airborne particles but also its magnitude neecetadrounted for. This would naturally lead to a
naive approach of categorize monthly variations adrtain classes based on percentage increase
or decrease in the corresponding monthly mean rggpect to a reference time. However, this
categorization may appear subjective as percemgigeff points may be arbitrarily defined and
more over such categorization is not data driven.ohjective way of categorizing monthly
variations is to adopt a rule that is defined bg tmderlying parameters of the sampling
distribution of the monthly averages; for exampiee mean and standard deviation. The
parameters mean and standard deviations are cfays@mplicity, as it is well known that mean
measures the central tendency while the standavehtde, the spread of the underlying
distribution of the data. Moreover, the intervalegn+ 3 standard deviation) covers almost all
the data. For example, when the underlying samglisgibution is Gaussian, as may be the case
in several atmospheric data, the intervals (meah standard deviation), (mean?2 standard
deviation), (mearx standard deviation), are respectively known teecapproximately 97%,
95% and 68% of the observations in a given data fdtion of severity of concentration
measurements is linked to these intervals. Thesevalsinter alia may be used to define the
severity or criticality of concentration charactémg how far individual observations are spread
from the centre of the data. This principle in ugedhis study to define classes that categorize
monthly atmospheric aerosol and £€oncentration measurements.

2.3 Severity states for airborne particles

In the sequel, the variable ‘airborne particle’lwilean either aerosol particle concentration or
CO, concentration measurements. Suppose that we hawve geries data, say, of daily airborne
particle concentration measuremefts,=1,...,N, where'N'is the length of the study period in
days. Here't'refers to the day. We shall denote the total nunabenonths during the study
period by ‘n’ and the number of observations recorded in a mom’ by ‘n_’ (Usually

n,varies between 2 to 31, the number of days in Eaymonth during which airborne particle
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concentration was monitored). Then the monthly mead variance of airborne particle
concentration are respectively given by

|3m=inzm|:t),m: 1...n ()j
N, =
and

| (3

Assuming that the monthly mean concentration nbaasire particle measurements can be
classified into seven states depending on theierggy we may define the following seven
states: 8 Extremely Negligible State,,SModerately Negligible StatezSNegligible State, §
Normal State, $ Critical State, § Moderately Critical State, ;S Extremely Critical State.

Further, if we assume th&.'scome from a population with finite meaw, and finite variance
— _ 2
o’ , then we know thaE(Pm) =u,, and Var Pm) = 9_ . Then one may use the standardized
n

m

statistic Z :‘/nmL—’um] to construct appropriate classification rules floe severity of
o}

states. InZ, we replace the population mean, by its unbiased estimatd?»and the population
variance g’ by its unbiased estimatsf, respectively, given by (1) and (2) above. Thus, w
may classify the severity of airborne particle cameations in monthly data into seven states
S, j=1..,7 as follows. For the current montfm+1),m=1,..n- 1 the airborne particle
concentration measurement is said to belong to

() State S, if Ru< R- 3m

e

(i)State S , if M- 3—< Ra< R- %
nm

.

(i) State § , if R— 21 < Ru< R-—t

e Jnn

. = S, _— _—_ s
State § , if R—2=< Rau< R+——2= 3
(iv) S, i NN 1 Jn 3

\/Snm_m S_R+1<_|P+ ‘%

. = S - - S,
vi)State S , if R+ 22=< Ra< P+
(vi) S - 1 ﬁ

Y

(vii) State S , if Ru> R+ 33

N

(v) State S , if R+
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In the above stated classification rule, we comglaeecurrent month’s mean airborne particle
concentration with previous month’s mean particd@aaentration plus or minus a multiplier of
the standard error of that month’s mean to dedideseverity state of the current month’s mean.

The multipliersz 3 and+ 2 of % suggested here is quite appropriate in the sdradettie
n,

intervals formed with these multipliers can be shdw capture almost all variations that exist in

the month’s means. For example, when the underlgisigibution of monthly mean is Gaussian,

the interval (I?’W —%
nW

variations in the monthly means (See for exampk] [

Sy R +i @Jis known to cover approximately 99.73% of the
nW

2.4 A multinomial probability model for severitysthtes

The volatility or wide swings that are prevalentmonthly mean airborne particle concentration
measurements can be approached from the classataiplity point of view in that one may
model different states of severity based on a icepi@bability distribution. Here the volatility in
means refers to the swings from one state to anotlex certain period of months. In general,
suppose that there are k mutually exclusive andestive states, sa§,...,§ to which the

weekly meanEW can be assigned based on a certain classificatlensay for example, rule (3)
with k=7 and letP (§ ) =@ denote the probability that a typical monthly me@’oelongs to

the statej for j =1,...k.
Let n,,j=1,..k to denote the number of occurrences of the st8e in an independent

k
sequence of the phenomena observed say, rfoanj months. Then the vector
=1

n= (nan) follows a multinomial distribution (See for examp]&4] with the joint probability
mass function (p.m.f.) given by

P, )= ] 8] @

[ K

where, 0< 6, <1,ZHJ. = 1,n=2q In general, the parametet'sin the model given by (4)
=1 i=1

are unknown and can be estimated by their empiesi@inates

~oon
9]‘:—,]=1,...,k‘ (5)
n

It may be pointed out thaA?j 's are in fact the unrestricted maximum likelihoodireators of
6,'s, j=1,...k. For the airborne particle concentration data, nthétinomial model that best
describes different severity states is given by

72
Scholars Research Library



Shibu K. Johnet al Arch. Phy. Res,, 2011, 2 (3):67-83

n! n, n,
p(n,....n )= nining nl o 610,%6,°0,"0:-6,°6," (6)

,
for 0<@ <1,j=1,..,76,= ¥(6+ .+6,)n=>.n, . @)
=1

Given the data on mean monthly aerosol particleeotmation, using the classification
rule (3), we can obtaim;'s,j=1,...,7 and then estimate the probabilities using (5).s€he

probabilities may be used to interpret the liketiiof different states of severity in the long run.

2.5 Indices of volatility and dispersion for airbmar particle severity states

Having defined the seven severity states as inteou#3), given an observed data, it is of
considerable interest to see if counts of sevest#iyes are symmetric around the normal state.
This can be examined by proposing a simple indexoddtility. For instance, one may use the
multinomial model given by (6) to propose an indek volatility for airborne particle
concentrations. It is but natural to surmise thatinborne particle concentrations are subject to
random chance fluctuations alone; then, one woxdet a symmetric multinomial model with

6,=6,,6,=06,andb6,=0. in (6) above, given by

|
p(n1 ) n: 8'"&*”76 M+ %8 Nyt nse ”4 (8)

nininininf i n
4
for 0<6,<1,j=1,...,46,= + 86+ .£6,)n+n,=> 1 +n,, . Ideally in the model (8),

j=1
most of the monthly variations in airborne partictencentrations will be symmetrical around the
stateS, ; on the other hand if the airborne particle comregions are subject to significant cause
variations; like biomass burning, precipitation.gthen the counts of severity states may be
uneven around the normal state. The notion of Mityais designed to capture this unevenness in
the counts of severity states. As a measure of awciatility, an index below is proposed.

As before, let n,j=1..7 denote the number of occurrences of the s&tén an independent

K
sequence of the phenomena observed saynioE n, months. SupposeE(nj)denotes the
=1
expected number of occurrences of the st8teunder the hypothesis of symmetric multinomial
model (8). Then it can be shown that the maximikelihood estimators @ 's in the model (8)

are given by

6 ="k ©)
Thus an estimate cE( ) ( )can be obtained as

n A n. +n

nj=nej=(1—2'“‘3),j=1,...,4 (10)
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It is reasonable to expect that under the hypathesisymmetric multinomial model, the
observed and the expected number of occurrendde state S; must be more or less the same,

and therefore a suitable function of their diffeserwould reflect the magnitude of volatility.
Thus, an index of volatility can be taken to be

7 ~ 2

IV=;(nj—nj)
1 2 )
:Ejzl(”J_”i%) : (2

When the counts of severity states are symmelyie; O0; otherwise non-zero. Large values of
[, suggest that severity states are highly volatile.

Finally, given the severity states of each monthe can propose a measure or an index of
dispersion which may be used to compare severitgidiorne particle concentrations across
different years or seasons in one or more years.ifidiex of dispersion measures the spread of
the severity states around the modal or the nostaéé. LetT denote the number of months in a
season and,,,m=1,..,T be the value of the severity state correspondininé montim. Note
that t,will take one of the values from 1 to 7. For exaenpf t, = 2; for the first month, then the
severity state is ‘2', i, = 6; for the second month, then the severity staté’ iand so on. Then

an index of dispersion is given by

=23 (e @)

It is seen that when monthly airborne particle eami@ation measurements are subject to chance
causes alone, the®, will be the severity state for every month, in elhicaset,, =4 for all w

and thereforel; =0. On the other hand if monthly means show swingsitimer side of the
normal stat§,, I, will be significantly different from 0. In the exme case, it can be easily
shown that the severity inddx will be equal to 9. Thus, greater the value spérsion index,
more pronounced is the variations in the statesaidforne particle concentrations. These
considerations precisely constitute the rationahirmd the measuré;, proposed here and in
particular given different series of airborne paeti concentration measurements one can
compare them in terms of the index

RESULTS AND DISCUSSION

3.1 Preliminary Data Analysis
Table 2 gives the monthly mean and standard dewisitiof aerosol particle and GO
concentration measurements for the two seasongmant non-winter.
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Table 2. Airborne particle measurements during thevinter and non-winter seasons for the year 2006-0ahd

2007-08

Winter Season: Aerosol Particle Measurements CMeasurements
Year Month Mean S.D Mean S.D
2007 May 73.58 68.77 330.50 14.58
2007 Jun 59.64 48.71 338.50 40.13
2007 Jul 74.97 88.85 359.19 27.34
2007 Aug 82.48 52.75 308.12 31.47
2008 May 47.52 19.82 387.94 15.10
2008 Jun 72.29 37.97 398.94 8.53
2008 Jul 78.15 53.53 347.00 10.04
2008 Aug 87.99 36.28 358.29 17.79

Non Winter Season: Aerosol Particle Measurements @, measurements

Year Month Mean S.D e S.D
2006 Sept 77.79 | 5671 | 307.19 24.89
2006 Oct 78.356 ‘ 47.79 315.60 18.99
2006 Nov 48.06 8.61 339.42 54.98
2007 Jan 51.65 21.95 314.92 24.68
2007 Feb 50.49 17.99 315.78 41.55
2007 Mar 55.17 23.50 326.80 36.17
2007 Apr 74.73 45.39 367.33 50.10
2007 Sept 112.96 39.97 382.23 49.77
2007 Oct 81.75 39.48 348.65 28.07
2007 Nov 61.56 36.79 347.08 41.24
2007 Dec 57.59 42.03 326.11 12.52
2008 Jan 59.70 35.64 351.54 22.00
2008 Feb 78.40 45.38 360.23 15.03
2008 Mar 70.01 32.44 390.50 10.21
2008 Apr 92.03 50.02 388.59 10.31

It can be noted that the mean particle concentratduring the non-winter season (September —
April) had a minimum of about 48.06 particles pe@nd was recorded in November 2006. A
steady increase was seen as the winter sets itharldomass burning increases. The maximum
concentration recorded was about 113 particlescpgrand was recorded in September 2007.
The minimum monthly mean concentration of carbasxidie for 2007-08 was about 326 ppm
and was recorded in December 2007. The maximum @@agentration was about 399 ppm and
was recorded in June 2008. The carbon dioxide carateon starts to increase from December
2007 and becomes its maximum in June 2008.

Based on the actual monthly mean measurementsboirae particle concentrations, it is evident
that as the mean monthly carbon dioxide concentraticreases, the mean monthly particle

75
Scholars Research Library



Shibu K. Johnet al Arch. Phy. Res,, 2011, 2 (3):67-83

concentration also increases. This is due to tbetfat during winter biomass is burnt and this
contributes to increase in the concentration obaardioxide gas particles as well as the
concentration of particulate matter in the atmosphe

Table 3. Rainfall in mms during September 2006 to Agust 2008

Year 2006-07
Month Sep| Ocf Novy De¢ Jap Feb Mar Apr May Jun [JuugA
Rainfallinmms| 0| 5.6 282 8.2 354 29 64 207 |R215| O 0
Year 2007-08
Month Sep| Oct| Noy De Jan Féb Mar Apr May Jun [JuugA

Rainfallinmms| 57.4 515 70[7 72]2 1948 20.7 @460.9| 352 0] O 0

Table 3 provides the monthly rainfall data for trexiod September 2006 to August 2008. There
were four dry months during the year 2006-07 areethin the year 2007-08 in the city of

Gaborone. The quantum of rain even during the raggson varies from year to year. Even
during the winter season, June 2008 and May 206&ded good amount of rain in Gaborone.
The table indicates uncertainty of rain over thenths in terms of occurrence as well as
guantity.

Figure 1 shows the trend lines of aerosol parield CQ concentration measurements during
the period September 2006 to August 2008.
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Figure 1. Trend lines for aerosol particles and C@concentrations during September 2006-August 2008
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Figure 2. Seasonal variations in mean monthly coeatration of airborne particles for the years 200837 and 2007/08
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Figure 3. The monthly standard deviations of airbone particle concentration measurements during
September 2006 to August 2008

It is clear from the graph that both the seriemnehsurements show a marginal increasing trend
for most of the months over the study period. Hosvethe trend is very much visible if the
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period of study is divided into winter and non-venseasons as evident in the subsequent tables
and figures.

Figure 2 shows the seasonal variations in meanawgiddncentration of aerosol particles larger
than 0.3 pum and CQOconcentrations measured in Gaborone between Sketef006 and
August 2008.

The trend lines in the lower part of the graph rédethe aerosol particle concentrations observed
during the winter and non-winter seasons, whiladrénes of mean monthly concentration of
carbon dioxide for the same period are shown inughyger part. It is clear from the figures that
mean airborne particle concentration measurementhé winter season are appreciably higher
in winter than during the non-winter season.

Figure 3 shows the graph of monthly standard dewiatof airborne particle concentrations
during the study period.

It is clear that the data exhibits wide variatiorie variation in aerosol concentration
measurements is smallest for the month of Noven#f¥)6 and largest for the month of
September 2006. For the carbon dioxide concentratieasurements, the monthly variation is
smallest during March 2008 and highest in April2007

Table 4. Severity states of airborne particles durig the years 2006-08

Year 2006 2007
Months| Sepl Oct Nov Jah Feb Mar ApMay | Jun| Jull Aug Sep Odt Nov Dec
Severity States
Aerosol| 4 4 2 5 4 5 7 4 4 g 4 6 1 2 f
CO, 3 5 7 3 4 5 7 2 5 6 1 7 1 4 2

Table 5. Severity states of airborne particles durig the winter season of the years 2006-08

Year 2008
Months| Jan| Feb Mar AprMay | Jun| Jul | Aug
Aerosol| 4 6 4 7 1 7 4 4
CO, 5 7 4 4 7 1 7

~

Year 2007 2008
Months | May| Jun Ju] Aug May Jun Jul Adg
Severity States
Aerosol| 4 4] 5 4 1 70 4 4

CO, 2 5 6 1 4 7 1 7

Table 6. Severity states of airborne particles durig the non-winter season of the years 2006-08

Year 2006 2007 2008
Months| Sepl Oct NovJan| Febl Maf Apf Sep O¢t Ndv Dec Jan Feb Mar MApr
Severity States

Aerosol| 4 4 2 5 4 5 7 6 1 2 4 4 4 4 /
CGo, 3 5 7 3 4 5 7 7 1 4 2 7 5 7 4
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Next, a calculation of Pearson’s correlation ca#fit between mean monthly aerosol
concentration and COconcentration measurements were made. The catrulgields a
correlation valuer = 0.297; which is insignificant (n = 23, p-valueG=168). As pointed out
earlier, this insignificant relationship is not pusing as there is any cause and effect
relationship between them. However, calculated regplg for the two seasons, it turns out that
for the winter season = -0.411 and for the non-winter seasor= 0.569. The first of these is
statistically insignificant (n = 8, p- value = 0131while the second is significant at 5% level of
significance (n = 15, p- value = 0.027).

3.2 Data analysis based on indices of volatilitgl aispersion for severity states
Finally, the data is analyzed based on the nevhodelogy developed here and discussed in
section 2.

In Table 4, 5 and 6 we report the severity stateaevosol particle and GQOconcentrations
respectively for the years 2006-08; winter seasmusnon-winter seasons of the years 2006-08.
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Figure 4. The severity states of monthly mean ofeaosol concentration measurements for the years 26@7
and 2007-08

Figure 4 and 5 show the graphs of severity stateaifborne particle measurements during the
two study periods 2006-07 and 2007-08. It is appateat in Figure 4, aerosol particle states for
the year 2006-07are more often found above the @lmstate (9 rather than on either side of it.
On the other hand for the year 2007-08, at leasthoee occasions (October, November and
May) the states are found below the normal stateisTthe year 2006-07 exhibited more
volatility than the year 2007-08 in respect of @etgarticles. Turning to the G@neasurements,
by similar argument it is seen that year 2007-O81age volatile than the year 2006-07. As will
be seen, these findings are confirmed by the idewlatility to be discussed subsequently.

The frequency of occurrences of severity of stateke whole study period 2006-08 and the two
seasons are reported in the Table 7.
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Figure 5. The severity states of monthly mean of @, concentration measurements for the years 2006-0na
2007-08

Table 7 Severity states of airborne particles durig study period 2006-08and the two seasons

. - Severity States

Period Study Variable 17213l 415 6 7 Towml
Aerosol 2( 2/ 0 1 3 2 3 23

2006-08 CO, 32| 2] 4] 4 1] 7 23
Winter Season Aerosol 11 00 O 5/ 1 0 1 8

CcO, 21| 0| 1] 1] 1 2 8

Non-winter Season Aerosol 1| 2|/ 00 6| 2 2 2 15
CO, 1]1]2] 3| 3/ 0f 5§ 15

Following the discussions in section 2 and usimgefuations (5) and (6), one may construct the
multinominal probability model for the three per®idnder consideration, namely the entire

period of study, the winter season and the nonawis¢ason. These computations are reported in
Table 8.

Table 8 Empirical estimates of probabilities of sesrity of states

States
Study Period Variable| 1 2 3 4 5 6 7 Total
2006-08 Aerosol | 0.0870 0.0870 0.0000 0.4783 0.1304 0.087@A302| 1.00
CO, 0.1304| 0.0870 0.0870 0.1739 0.1739 0.0435 0.30480 1.
Winter Aerosol | 0.1250 0.0000 0.0000 0.6250 0.1250 0.000A25D| 1.00
CcO, 0.2500| 0.1250 0.0000 0.12%0 0.1250 0.1250 0.25000 1.
Non-winter Aerosol | 0.0667 0.133_3 0.0000 0.40Pp0 0.1333 0.1}333333| 1.00
CO, 0.0667| 0.0667 0.1333 0.2000 0.2000 0.0000 0.33380 1.

It can be seen that during the years 2006-08, imofame, approximately 35% and 52% of the
times the aerosol particle and £€@as concentrations were above the threshold ohalostate.
Turning into seasons, it is seen that for the wisgason the corresponding incidents were 25%
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and 50 %, while 40% and 53% for the non-winter geadt is worthwhile to note that the
extremely critical state had one of the highesbphulities of occurrences in all the three periods.

Finally, using the equation (11) and (12) we practecompute volatility and dispersion indices
for year 2006-07and 2007-08, the winter and nontaviseasons. These indices are computed for
both the study variables and are displayed in T@ble

Table 9. Indices of volatility and severity for aeosol particles and CQ concentration measurement

Volatility Index | Dispersion Index
Period/Season of studyAerosol | CQ | Aerosol | CQ
2006-07 5.50 1.00 1.45 3.64
2007-08 0.50 55| 4.00 5.67
Winter Season 0.50 0.5 2.38 5.63
Non-winter Season 2.50 9.00 3.00 4.20

The two indices reported in the table indicate that

i) The aerosol particle concentrations showed ma@@latility during the year 2006-07 than
2007-08. The smaller volatility index for the y&f07-08 could be possibly due to the impact of
precipitation. It has been well established by ieanlesearchers that precipitation scavenges
aerosol particles. In the present case, accordingh¢ Botswana Meteorological Services
records, the total rain fall during 2006-07 and 208 were respectively 137.9 mms and 659.4
mms. Further, in 2006-07 it rained for a total 8fdays while in 2007-08 for 50 days.

il) The scavenging effect seems to have pushedriggwtates to be different than the normal
state more often during the year 2007-08 resultirylarger dispersion index for that year.

iii) The volatility and severity indices for aerdgzarticles and C@gas concentration are higher
for the year 2007-08 than 2006-07. This is ceryaimflicative of atmospheric degradation in the
Gaborone area of Botswana.

iv) The severity index for aerosol particles durithg non-winter season is slightly more than

that of winter season. In general, the latter ipeeked to reflect a larger index because of
biomass burning, automobile emissions and so oweder, for Gaborone, it may be once again
due to the scavenging factor as corroborated byvdeher data. For instance, according to the
Botswana Meteorological Services records, in Gab®igee Table 3) the months of June 2007
and May 2008 falling in the winter season recordédtal rain fall of 21.5 mms and 35.2 mms

respectively.

v) The dispersion index for GQyas during the winter season is more than thatoofwinter
season suggesting that increased biomass burnipdgpenane of the reasons.

vi) The volatility index for CQ gas during the non-winter season is appreciabgeftahan that
of winter season suggesting lack of symmetry oésgystates around the normal state.
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CONCLUSION

In this study the mean monthly aerosol particle aatbon dioxide gas concentration

measurements collected from Gaborone, Botswana avetigzed. The period of study was from

September 2006 to August 2008. The data was armhfgzehree periods of interest, namely, the
entire study period, winter season and non-winteasen. Besides elementary statistical
techniques such as graphs and tables, correlaioew methodology is introduced to analyze
daily atmospheric data collected over a periodimaet The new methodology defines states of
severity of atmospheric data and also proposes urea®f assessing volatility and dispersion
among the defined states.

This study shows that the mean monthly particleceatration increases and becomes its
maximum during winter. Similar trend is also obsehwith the mean monthly carbon dioxide

gas concentration. There is a perceptible trench@n monthly carbon dioxide concentration
and the mean monthly aerosol particle concentratier the study period. This is due to the
burning of the fire wood during winter which is coman in Botswana during winter. It should

also be noted that in southern Africa, during winghotosynthesis in plants is reduced due to
the reduction in sunlight and this could causesa im carbon dioxide level in the atmosphere.

An investigation into the monthly mean concentratd aerosol particles and carbon dioxide gas
concentration over the winter and non-winter sedsambeen made in terms of two new indices
proposed here. Both these indices prove that ptatgn scavenges aerosol particles.

Finally, the approach suggested here to analyzesgheric time series data will be of interest to
experimental physicist and atmospheric research@esnew indices of volatility and dispersion
are shown to reflect the symmetry of defined seyeatiates and deviation from the normal state
respectively. Because of paucity of data, in thislg the new methods have been illustrated with
a time series data with just two years. It is expeécdhat these indices will be more accurate
when applied to large time series data.
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