
TOTAL ATMOSPHERIC OZONE CHARACTERISTICS OVER A
TROPICAL REGION

BY

NZIOKA JOHN MUTHAMA

/j l

A THESIS SUBMITTED IN PART FULF I LMENT FOR THE 
DEGREE OF MASTER OF SCIENCE (METEOROLOGY) 

IN THE UNIVERSITY OF NAIROBI

September 1989



DECLARATION

I hereby declare that this Thesis is my original work and has not been 
presented for a degree in any other university.

NZIOKA JOHN MUTHAMA

This Thesis has been submitted for examination with our approval as 
University Supervisors.

Prof. J.K. Ng'ang'a

o 4-V| l i ' i
P r o L . J .  Ogallo



TABLE OF CONTENTS

A B STR A C T.......................................................................................................  i
4

LIST OF TABLES ...............................................................................................iii

LIST OF FIGURES ......................................................................................  iv

ACKNOWLEDGEMENTS ...........................................................................  v

CHAPTER 1 -  IN TRO D U CTIO N .............................................................  1
1.1 IN TRO D U CTIO N ...................................................................  1
1.2 OBJECTIVES ........................................................................  5

CHAPTER 2 -  BACKGROUND R E V IE W .............................................  8
2.1 CLIMATOLOGY OF OZONE ..........................................  8

2.1.1 Horizontal D is tr ib u tio n ............................................. 8
2.1.2 Vertical D istribu tion ..................................................  10

2.1.2.1 Stratospheric distribution ...............................  10
2.1.2.2 Tropospheric ozone concentrations ..............  11

2.1.3 Temporal v a r ia tio n s ..................................................  12
2.1.3.1 Diurnal, Inter-diurnal and Seasonal

V a ria tio n s ........................................................  12
2.1.3.2 Inter-annual variation.......................................  14
2.1.3.3 The ’Ozone Hole’ ..........................................  16

2.2 OZONE AND METEOROLOGICAL PROCESSES . . 18
2.2.1 Tropospheric C ircu la tio n ..........................................  18

2.2.1.1 Tropospheric Convection ...............................  18
2.2.1.2 Tropospheric advection .................................. 20

2.2.2 Stratospheric C ircu la tion ..........................................  21
2.2.3 Troposphere - stratosphere mixing processes . . 23

2.3 ENVIRONMENTAL ASPECTS OF O Z O N E .................  25
2.3.1 M an’s impact on the ozone l a y e r .........................  25
2.3.2 M an’s impact on tropospheric o z o n e .................... 30
2.3.3 Stratospheric residence time for g a s e s .................  31
2.3.4 Biological impacts of ozone a lte ra tio n s .................  32
2.3.5. Impacts of ozone change on c l im a te .................... 34

CHAPTER 3 -  DATA AND M ETHODOLOGY..................................  37
3.1 DATA UTILIZED IN THE S T U D Y .................................. 37

3.1.1 Sources of the data ..................................................  37
3.1.2 Ozone m easurem ents..................................................  38

3.1.2.1 Op e ra t io n  p r in c ip le s  o f  the
spectrophotometer............................................. 39

3.2 METHODOLOGY ................................................................  45
3.2.1 Estimation of missing data ....................................  45
3.2.2 Data quality c o n tro l ..................................................  46

3.2.2.1 Homogeneity of ozone data .........................  48



3.2.2.1.1 Residual mass c u r v e ....................... 49
3.2.2.1.2 One sample run’s t e s t ............ 50

3.2.3 Time series an a ly se s ................................................... 51
3.2.3.1 Trend analy sis ................................................... 51

3.2.3.1.1 Graphical methods •.................  52
3.2.3.1.2 Arithmetic mean method . . .  53
3.2.3.1.3 Mann kendall rank statistic,

i ................................................  54
3.2.3.2 Difference f i l te r s .............................................  55
3.2.3.3 Seasonal varia tions..........................................  57
3.2.3.4 Cyclical variations ..........................................  58

3.2.3.4.1 Correlogram analysis..............  58
3.2.3.4.2 Spectral analysis ....................  59
3.2.3.4.3 Significance of peaks ............ 62

3.2.4 Correlation a n a ly s is ................................................... 64
3.2.5 Cross-spectral analysis .............................................  65

CHAPTER 4 -  RESULTS AND DISCUSSION ...................................  67
4.1 RESULTS FROM HOMOGENEITY T E S T ....................  67
4.2 RESULTS FROM TREND A N ALYSIS............................  70
4.3 SEASONAL VARIATIONS ................................................ 73
4.4 CYCLICAL VARIATIO NS................................................... 74

4.4.1 Results from correlogram analysis ....................... 74
4.4.2 Results from spectral analysis ...............................  78

4.5 LINEAR C O R R E L A T IO N ..................................................  81
4.6 CROSS-SPECTRAL A N A L Y S IS ........................................ 84

CHAPTER 5 -  CONCLUSIONS AND RECOMMENDATIONS . . .  90
5.1 C O N CLU SIO N ......................................................................... 90
5.2 RECOM M ENDATIONS........................................................  91

R E FE R E N C E S.................................................................................................. 94



i

ABSTRACT

In  t h i s  s tu d y  t o t a l  a tm o s p h e r ic  o zo n e  r e c o r d s  from  

c h iro m o  s t a t i o n  - U n iv e r s i ty  o f  N a i ro b i  (1 0 S ,3 6 ° E  ), 

C o v e r in g  t h e  p e r io d  A p r i l  1984 to  May 1989 , w e re  f i r s t  

s u b j e c t e d  t o  some h o m o g en e ity  t e s t s  in  o r d e r  t o  d e te r m in e  

t h e  q u a l i t y  o f  th e  o b s e r v a t i o n s .  The h o m o g e n e ity  t e s t s  

u s e d  in c lu d e d  th e  r e s i d u a l  m ass c u rv e  and  t h e  r u n ’ s t e s t .  

The hom ogeneous ozone  r e c o r d s  w ere  th e n  s u b j e c t e d  t o  t im e  

s e r i e s  a n a l y s i s  so  a s  t o  d e te rm in e  t h e i r  t r e n d ,  S e a s o n a l  

c h a r a c t e r i s t i c s  and  C y c l ic a l  b e h a v io r .  L in e a r  c o r r e ­

l a t i o n  and  c r o s s - s p e c t r a l  a n a ly s e s  m ethods w ere  f i n a l l y  

u s e d  t o  d e te rm in e  w h e th e r  t h e  o b s e rv e d  f l u c t u a t i o n s  in  

t h e  ozone  c h a r a c t e r i s t i c s  c an  be a s s o c i a t e d  w i th  some o f 

t h e  s t r a t o s p h e r i c  and t r o p o s p h e r i c  g e n e r a l  c i r c u l a t i o n  

a c t i v i t i e s .

The t r e n d  o f th e  ozone o v e r  N a i ro b i  was d e te rm in e d  from  

tw o in d e p e n d e n t  a p p ro a c h e s , n am ely  th e  g r a p h i c a l  and  

s t a t i s t i c a l  m eth o d s. Sm oothed ozone s e r i e s  w e re

d i s p l a y e d  v i s u a l l y  on a g ra p h , w h i le  t h e  M a n n -k e n d a ll  

r a n k  s t a t i s t i c  and a r i t h m e t i c  mean m ethod w ere  u s e d  in  

t h e  s t a t i s t i c a l  a p p ro a c h . S p e c t r a l  a n a l y s i s  f l u c t u a t i o n  

i n  ozone e x h ib i t e d  any s i g n i f i c a n t  p e r i o d i c  o r  q u a s i -  

p e r i o d i c  p a t t e r n s ,

The d e g re e  o f r e l a t i o n s h i p  b e tw e e n  o zo n e  and  some

m e te o r o lo g ic a l  p a ra m e te r s ,  i n c l u d i n g  t e m p e r a t u r e ,  
r a i n f a l l ,  w ind  sp e e d  and d i r e c t i o n ,  t r o p o p a u s e  h e i g h t ,  

r e l a t i v e  h u m id ity  and c lo u d  c o v e r  was i n v e s t i g a t e d  u s i n g

b o th  l i n e a r  c o r r e l a t i o n  a n a l y s i s  and  c r o s s  s p e c t r a l
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a n a l y s i s .  In  th e  fo rm e r  m eth o d  th e  c o r r e l a t i o n

c o e f f i c i e n t s  so  o b ta in e d  w ere  t e s t e d  f o r  s i g n i f i c a n c e  by 

u s e  o f  t h e  a n a l y s i s  o f v a r i a n c e  t e c h n iq u e .

In  t h e  c r o s s - s p e c t r a l  a n a l y s i s ,  c o h e re n c e  f u n c t i o n  was 

u s e d  t o  c o n f i r m  t h e  r e s u l t s  fro m  t h e  s im p le  an d  c r o s s  

c o r r e l a t i o n  a n a l y s i s  w h ich  i n d i c a t e d  some d e g re e  o f 

r e l a t i o n s h i p .  The p h a se  r e l a t i o n s h i p  b e tw e e n  o z o n e  and 

m e t e o r o l o g i c a l  p a ra m e te r s  was ex am in e d  u s i n g  t h e  p h a s e  

f u n c t i o n s  d e r i v e d  from  th e  c r o s s - s p e c t r a l  t e c h n iq u e .

The r e s u l t s  from  th e  q u a l i t y  c o n t r o l  t e s t s  i n d i c a t e d  

t h a t  no s i g n i f i c a n t  h e t e r o g e n e i t y  c o u ld  b e  d e te r m in e d  

fro m  t h e  o z o n e  d a t a .  T rend  a n a l y s i s  r e s u l t s  show ed n o n ­

s i g n i f i c a n t  t r e n d  from- b o th  g r a p h i c a l  and  s t a t i s t i c a l  

m e th o d s . S e a s o n a l  v a r i a t i o n s  w ere  e v id e n t  w i th  maximum 

i n  S e p te m b e r  t o  O c to b e r  and  minimum i n  J a n u a r y  to  

F e b r u a r y .  S p e c t r a l  a n a l y s i s  show ed e x i s t e n c e  o f  tw o 

m a jo r  c y c l e s  i n  t h e  ozone d a t a ,  n a m e ly : 2 1 -2 5  m on ths (QBO 

ra n g e )  and  45 m o n th s .

L in e a r  c o r r e l a t i o n  a n a l y s i s  show ed s i g n i f i c a n t

c o r r e l a t i o n  b e tw e e n  ozone an d  t e m p e r a tu r e  a t  t h e  lo w e r  

t r o p o s p h e r e  and  lo w e r s t r a t o s p h e r e .  O zone c o r r e l a t i o n s  

w i th  z o n a l  w ind  w ere s i g n i f i c a n t  a t  t h e  lo w e r  an d  h i g h e r  

t r o p o s p h e r e  t o g e t h e r  w ith  t h e  lo w e r  s t r a t o s p h e r e .

T ro p o p a u se  h e i g h t s  w ere n e g a t i v e l y  c o r r e l a t e d  w i th  o z o n e .

C r o s s - s p e c t r a l  a n a l y s i s  i n d i c a t e d  g e n e r a l  low  p h a s e  

f u n c t i o n  v a lu e s .  S i g n i f i c a n t  p h a s e  c o r r e l a t i o n s  w e re

t h e r e f o r e  i m p e r a t i v e l y  d o m in an t f o r  t im e  l a g s  l e s s  th a n  
one  m onth . M ost o f  th e s e  s i g n i f i c a n t  c o r r e l a t i o n s  a r e

e x p la in e d  in  te rm s  o f  g e n e r a l  c i r c u l a t i o n  

c h a r a c t e r i s t i c s .
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CHAPTER 1 

INTRODUCTION

1.1 INTRODUCTION

Ozone exists in very small amounts in the atmosphere. If expressed 

in units ' of the height of an equivalent column of ozone at standard 

temperature and pressure, the total amount varies from about o.l6cm to o.4 

cm. About 90 per cent of this gas is concentrated within the stratosphere, 

with the rest in the troposphere (Isaksen and Hov, 1986).

Above the tropopause, ozone is formed from photochemical 

dissociation of oxygen by ultra-violet radiation followed by recombination of 

the atomic oxygen. It is well known that the concentration of ozone in the 

lower stratosphere is far much higher than that predicted by photochemical 

equilibrium, although in the upper stratosphere the observed and predicted 

concentrations agree reasonable well. This situation is prevalent due to the 

fact that the photochemically produced ozone in the lower stratosphere or 

that carried there from above by mixing processes is partly shielded from the 

solar ultra-violet radiation that could dissociate it. When an ozone molecule 

there is dissociated, it quickly reforms another ozone molecule. It can 

therefore be transported both horizontally and vertically as a more or less 

stable constituent (Kellog, 1964).

The natural ozone content in the troposphere is mainly determined by 

the rate of supply from the stratosphere and the rate of its destruction on the
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earth’s surface (Van Dop, et a t , ,  1977 Ozone

can also be produced photochemically in the lower troposphere due to 

presence of oxides of nitrogen (NOJ and reactive hydrocarbons in association 

with high levels of solar ultra-violet radiation (Kroon, D.J., 1978; Logan, J.A., 

1985). Industrial activities together with motor vehicular emissions may also 

result in photochemically produced lower tropospheric ozone. This 

anthropogenic ozone production is however far much smaller compared to the 

stratospheric production.

The importance of ozone in the atmosphere include:

a) Its absorption of ultra-violet radiation, especially between 330 and 220

nanometres (nm), the strongest absorption being at a wavelength of 

about 250nm. The small amount of ozone in the upper atmosphere 

effectively shields the lower layers from the biologically harmful solar 

radiation. Thus any changes in the total atmospheric ozone would 

have significant impacts on the ecosystem (Biswas, 1979r Titus,

, 1986).

b) Due to ozone’s strong absorbing capability in the ultra violet region, 

the stratospheric temperature is largely maintained by a balance 

between absorption by ozone and emission of atmospheric infra-red 

radiation by ozone, carbon dioxide and water vapour. Thus any al­

terations in the vertical distribution of atmospheric ozone, together 

with changes in atmospheric concentrations of other infra-red active
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gases, would contribute to changes in stratospheric heating rates which 

will directly influence the temperature distribution, general circulation 

and the climate of the globe (Reck, 1976).

c) Lower tropospheric ozone has been recognized as a pollutant of 

regional and global significance (Wolff, et a l . ,  I977J .

since it can impair health and cause damage to vegetation and 

materials. An example of the adverse effects of the oxidant ozone is 

the study by National Crop Loss Assessment Programme of the 

United States which identified widespread crop yield reduction as a 

result of exposure to ozone and other pollutants (EPA, 1978). The 

costs associated with this, damage were estimated at between $2 b i­

l l i o n  and $ 3 b i l l i o n  a n n u a l l y  f o r  t h e  U n i t e d  S t a t e s .

d) The long life of ozone, particularly in the lower stratosphere makes it 

an ideal tracer of atmospheric motions (Reiter, 1978). As a 

three atom gas, it leaves a marked imprint on the radiation flux 

travelling the atmosphere. This radiation flux in turn dictates the heat 

and energy budget in the atmosphere and thus the atmospheric 

motions.

(e) Ozone has received attention from aviation systems engineers and 

meteorologists due to the possible exposure of its adverse oxidizing 

effect on the people in high-flying supersonic transport aircrafts 

(Biswas, 1979}* Crews and passengers may have to be shielded
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against its high toxic qualities.

In the last two decades there has been increasing concern about the 

effects of the pollution of the stratosphere, and in particular the stratospheric 

ozone depletion due to photochemical reactions involving certain trace 

substances which include chlorofluorocarbons, kalons, methane, nitrous oxide 

and carbon dioxide. The technologies responsible for the emissions of these 

gases include high altitude aviation activities, stratospheric nuclear testing, 

refrigeration, air conditioning, use of spray-cans, soil fertilization, etc. 

Considering that the ozone layer exists in its present form due to a sensitive 

balance between natural processes of its creation and destruction, it is then 

indicative that increase in anthropogenic factors would significantly reduce 

ozone concentrations, thus bringing about the associated severe impacts on 

the ecosystem and climate (Bruce, 1986).

In view of the above considerations, a lot of effort has been made to 

measure ozone characteristics under various conditions. These conditions

include local (rural and urban), surface (snow and continental), geographical 

(polar, equatorial and mid-latitudes) and many others (Dobson , 1968,*

Coffey et al, 1978; Ogawa, and Miyata, 1984). These informations 

have proved helpful in understanding natural production and transport 

mechanisms as well as providing bench mark data for future comparisons... 

Most of these studies have been made possible due to the prevailing
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international co-operation in tackling the ozone issues. The international 

concern has resulted in, among others:

i) a globally extensive ozone observational programme initiated in 

the International Geophysical Year (IGY) of 1957,

ii) the formation of Global ozone Research and Monitoring 

Programme, in 1976, for dissemination of ozone data globally,

iii) the Villach conference of 1985, and

iv) the March 1989 London Conference on ’Saving the Ozone

Layer’.

Despite these considerable international efforts in obtaining 

atmospheric ozone measurements and ozone related aspects, no significant 

study about ozone characteristics has been performed in the East African 

region. This forms the basis of the present study.

1.2 OBJECTIVES

The objectives of this research were to investigate:

i) the temporal variations of total atmospheric ozone over

Nairobi, Kenya, and

ii) the influence of meteorological factors on the observed

variations.
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These investigations are essential for providing bench mark 

information of ozone variations over East Africa, which is a vital initial step 

towards any future modelling of atmospheric ozone aspects over the tropical 

regions like East Africa. Additionally, the information forms a basis for 

future comparison in view of the prevailing international concern about the 

depletion of the ozone layer.

In order to fulfil these objectives, total atmospheric ozone data for 

Nairobi station, covering the period April 1984 to May 1989 was subjected to 

the following analyses:

i) Time series analyses: These were used in order to determine 

the seasonal and inter-annual variation of ozone over Nairobi. 

The time series analyses included trend, seasonal and cyclical 

analyses.

ii) Correlation analyses: The spatial and temporal variations of

ozone depend on the space and time characteristics of 

meteorological elements. These meteorological elements 

determine both the physical processes involving transport and 

dispersion of atmospheric ozone and the chemical processes 

involving the reaction of ozone precursors in the atmosphere.

The physical processes bringing about transport and dispersion of 

ozone include the atmosperic mixing processes and wet deposition. In wet
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deposition, rainfall deplets ozone by wash-out and cloudiness depletes it by 

rain-out. Atmospheric mixing processes, which are explained in details in 

the next chapter, are a function of wind speed and direction, temperature and 

pressure.

Some chemical processes influencing ozone amounts are a function of 

meteorological elements. An example of such is the photo-dissociation of 

ozone into atomic oxygen and molecular oxygen. The rate of reaction is 

depended on the intensity of light (which is proportional to temperature) and 

the spectral density of the Solar'  spectrum.

In view of the above, the last part of this study examined how total 

ozone is influenced by weather elememts at various heights of the 

atmosphere, using correlation analyses. The parameters correlated with ozone 

included temperature, relative humidity, wind speed and direction at various 

atmospheric levels together with the total solar radiation, rainfall and 

tropopause height.



CHAPTER 2

2 .0  BACKGROUND REVIEW

2.1 CLIMATOLOGY OF OZONE

In this study the general climatology of total ozone is discussed by 

describing its spatial and temporal characteristics. The spatial components 

are divided into horizontal and vertical distributions.

2.1.1 Horizontal Distribution

Figure 1 gives some indication of the mean zonal and meridional 

distributions of ozone by London et al (1976). These patterns have been 

confirmed by recent Satellite observations (WMO, 1986; Fishman and Larson,

1987).
The general panems indicate a peak value of ozone in the sub-polar 

latitudes in both hemispheres and minimum values Concentrated within the 

tropics Although these patterns prevail throughout the year, in March and 

April the north hemisphere maximum tends to shift to the poles. The 

nesponding drift in the Southern hemisphere maximum is less emphatic, 

and is delayed until November and December (Biswas, 1979).

Other spatial ozone studies indicate that ozone variations in north 

mperate and north polar regions are positively and significantly correlated. 

In the Southern hemisphere, a negligible correlation between these climatic 

has been observed, suggesting a basic difference in circulation patterns

(Angell and Korshover, 1973).

- 8 -
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2.1.2 Vertical Distribution

Under this section the mean distribution of ozone in both the 

stratosphere and troposphere are discussed separately.

2.1.2.1 Stratospheric distribution

Pioneering investigations of ozone’s vertical distribution were done by 

use of umkehr techniques, an optical method of estimating ozone 

concentration at various levels of atmosphere (Craig, 1965). Various studies 

have shown that maximum ozone density is generally concentrated in the 

lower stratosphere. Variations in total ozone amount has been associated 

with the variation of the lower stratospheric ozone (Mateer and Godson, 

1960; Reiter, 1975).

Variability of ozone partial pressure in terms of its standard deviation 

has been investigated by Several scientists including Biswas, ( 1979) The„e 

studies indicate largest variability in the low stratosphere over the middle and 

high latitudes, and decreases to relatively small values at all levels in the 

tropics.

Observations from distribution of the vertical ozone profiles have 

shown that in lower and middle stratosphere the fractional ozone content 

increases poleward from equator, while in the upper stratosphere it decreases
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slightly towards the poles. Consequently, about 38% of total ozone in the 

tropics is concentrated above 28 km (where greatest photochemical activity 

takes place) while in the polar regions only about 18% is found above this 

level ( Biswas,  1979 ) •

2.1.2.2 Tropospheric ozone concentrations 

Tropospheric ozone is an air pollutant especially in large urban areas 

and a lot of studies have been done to characterise its variation patterns. 

These variation patterns of ozone provide detailed description of the oxidant 

problem, which in turn serves to guide control efforts better. The patterns 

also help in explaining the physical and chemical mechanisms by which 

emissions of pollutants disperse, react and finally induce the observed oxidant 

problems (EPA, 1978).

Some of the recent studies on tropospheric ozone include one by 

Fishman et al (1979) who discussed the latitudinal variation of ozone in the 

troposphere with particular interest in the asymmetrical behaviour of this gas 

with respect to the two hemispheres. The results of the work showed the 

existence of significant latitudinal differences in the distribution of 

tropospheric ozone for the two hemisperes. A major primary inter- 

hemispheric difference observed was the existence of more tropospheric 

ozone in northern hemisphere than southern.
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Tropospheric ozone characteristics over the tropics are not a 

adequately documented as in the mid and higher latitudes. However, somi 

of the tropical ozone characteristics have been discussed by Eyas (1987) ant 

Sreedharam et al.,(1974). Their studies indicated the existence of 

significant longitudinal differences. Frequently, varying local weather 

conditions seemed to influence ozone concentrations.

2.1.3 Temporal variations

In this study, temporal variations are discussed under two sections 

namely;

i) Diurnal, inter-diurnal, seasonal variations and:

ii) inter-annual variations.

2.1.3.1 Diurnal, Inter-diurnal and Seasonal Variations

Some o f the earliest scientists to investigate the temporal variation 

patterns o f total ozone in the northern hemisphere include Kullcurani

et a l . , (1959); and Godson (1960) among others. By utilizing the

IGY data their studies showed that total ozone is a maximum in

spring and minimum in autumn with largest amplitude of variation at high 

latitudes. Near the equator the results indicated very little seasonal variation 

with slight maximum in late spring and early summer.
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Kulkurani (1962), and Funk and Gamhara (1962) compared the

seasonal variation of total ozone in southern and northern hemispheres. A 

close similarity was observed between 0 degrees and 55 degrees. However, 

for corresponding latitudes and seasons, the variations appeared to be smaller

in southern than northern hemisphere.

As opposed to the above studies which indicated small seasonal

variations over the tropics, more recent studies have shown significant

seasonal total ozone variation over the tropics. However, basic patterns of 

the vertical distribution in the stratosphere remains practically unchanged 

throughout the year (Sreedharam et al.,1974;Chazi and Barnett, 1980). 

Association between the seasonal characteristics of ozone and the general

circulation will be discussed later in the text.

Diurnal variations in total ozone have been found to be insignificant

by several authors including Sreedharam et a l . ,  (1974) and Biswas

(1972) However, superimposed on the seasonal variations of ozone over

ohort period fluctuations of the order of days. Theseextra-topics are snun yv

large and rapid to be explained by photochemical variations are too 10 15

nf the inter-diurnal variations have been related to:
«rnrftsses. som e ui

Cold troposphere; 

low troposphere, 

warm stratosphere; and

a trough in the upper troposphere and lower stratosphere.

a)

b)

c)

d)
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Studies over the tropics however indicate insignificant diurnal and inter 

diurnal variations (Craig, 1965; Reiter, 1975).

2.1.3.2 Inter-annual variation

There exists undisputed observational evidence that the atmospheric 

concentration of the source gases important in controlling ozone levels 

continue to increase on the global scale due to anthropogenic activities The 

ozone depleting gases include chloro-fluorocarbons, Halons, methane nitrous 

oxide and carbon dioxide. Due to the possible anthropogenic influences on 

the ozone shield, several scientists have investigated ozone’s inter-annual 

characteristics using its observed trend and cyclical fluctuations. Some of the 

results already documented indicate that:

i) When diurnal and seasonal variations are filtered out the 

atmospheric ozone content undergoes an approximately 26 

months oscillation in low latitude regions on both hemispheres 

The ozone changes seem to be centred in the upper 

stratosphere above 25Km and appear to be intimately 

connected to the 26 months wind oscillation (Quasi-biennial 

oscillation, QBO) in the tropics (Rangarajan, 1964; Shah 

1967; Angell and Karshover, 1973; Hasebe, 1980). The

amplitude of the 26 months oscillation has been observed to be 

greater in southern than northern hemisphere. The oscillation
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has been clearly observable at least as far as latitude 38 

degrees south in the southern hemisphere whereas in nonhem 

hemisphere it is hardly observable to the north of latitude 20 

degrees (Rangarajan, 1964).

ii) ' During the epoch when easterly stratospheric winds above

25Km weaken and change to westerlies, the ozone content is

observed to increase in the northern hemisphere and decrease 

in the southern. In the epoch when the westerly winds

weakens and change to easterly winds ozone content falls in 

the northern hemisphere and rises in the southern hemisphere 

(Rangarajan, 1964; Hasebe, 1980).

iii) Using global data for 15 years, Hasebe (1980) observed the

existence of four year oscilladon at high latitudes, particularly 

in the northern hemisphere. The maxima and minima of this 

oscillation were found to be in late winter and early spring of 

the even years in both hemispheres, while the phase in 

southern hemisphere was preceded by about 3/4 of pi to that in 

northern hemisphere (w here p i  = 3 . 1 4 2 ) .

Trend analysis using 1960s’ records showed an increasing trend 

of total ozone (Angell and Korshover, 1973; London et al 

1976) Analysis using more recent ozone data however indicate 

that the increase in total atmospheric ozone noted during 1960s’
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appears to have ended, and a decreasing trend is evident. The 

reduction has been estimated to be upto 0.3% per year and 

most pronounced in the region where chlorine chemistry has its 

strongest effect on ozone (WMO, 1986; Reinsel, et al 1983; 

1984).

Trend analysis based on Dobson Spectrophotometer data, after 

correcting for the effects of natural geophysical variability (quasi-biennial 

oscillation and solar cycle) however indicates a decrease of annual average 

total column ozone ranging from 1.7% to 3.0% for the period 1969 to 1986, at 

latitudes between 30 and 80 degrees in the northern hemisphere. The 

decreases are most pronounced during winter months averaged for December 

to March, ranging from 2.3 to 6.2% (WMO, 1988). Ground based Dobson 

data are not adequate to determine total column ozone inter-annual variations 

in the tropics, subtropics or southern hemisphere outside Antarctica.

In the next section one of the most unique features of the ozone 

characteristics (the ozone hole) is discussed.

2.1.3.3 The ’Ozone Hole’

In 1985 a British team reported that ozone in the antarctic atmosphere 

had shown a decrease since the commencement of observations there in the 

late 1950s, and that the decrease is observed during southern hemisphere
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spring (WMO, 1987). This October diminishing of stratospheric ozone layer 

over the antarctic regions is usually termed as the ’ozone hole’. Extreme 

losses were for example reported in October 1987 when losses reached 50% 

of the total ozone within the hole. The loss within the hardest hit layer of 

the lower stratosphere went up to about 95%. Poleward of 60 degrees south, 

the total ozone fell to the lowest over recorded during the spring. The hole 

persisted upto November 1988, the latest disappearance since it was detected.

Another hole has been observed in the atmospheric ozone layer above

the arctic from the U.S. Nimbus - weather Satellite records.

The causes of the ozone hole are not conclusively understood. 

Several hypotheses however have been advanced. The first group of 

hypotheses are based on the atmospheric ozone chemistry. The theories

indicate that the unique meteorology during winter and spring over antarctica

, conditions of an isolated airmass (polar vortex) with coldsets up the special conumu
. , fnr .ug observed perturbed chemical composition. This

temperatures required

1 d to unusual chlorine chemistry and subsequent ozone depletion due to 

• haincarbon compounds. Other theories are based on theanthropogenic haloc

h 'c circulation. The resumption of high solar activity after the polar 

terlies for example have been suggested to produce large amounts

of ozone destroying nitric oxide (WMO, 1987).

A lot o f international concern has arisen from the discovery o f the

. 11 rinp to some of the theories connecting the ozone 
hole’ especially clue u>’ozone
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depletion with man’s activities. (Farman, et al, 1985; WMO, 1987; WMO 

1988).

The next section discusses some of the meteorological processes 

which are connected to the ozone distribution.

2.2 OZONE AND METEOROLOGICAL PROCESSES

In this section various meteorological processes which have been 

associated with ozone distribution are discussed under two sub-sections 

namely tropospheric and stratospheric circulations.

2.2.1 Tropospheric Circulation

The atmospheric exchange processes may be grouped into the vertical 

exchanges or convection, and the horizontal circulation or advection 

Tropospheric circulation processes are therefore discussed here under two 

seperate sections.

2.2.1.1 Tropospheric Convection

Convection can generally be grouped into two types. The first type is 

termed as forced convection. It is created mechanically by interaction 

between moving wind and obstacles on the earth’s surface, or between layers 

of air moving at different speeds. The second type, termed as free 

convection arises from the natural buoyancy of air that is less dense than the
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surrounding. When warm air rises and cold air sinks, kinetic energy is 

created. This last principle embodies the process whereby the overall motion 

of the atmosphere is maintained against ceaseless braking action of friction 

The net vertical transport of ozone, water vapour, carbon dioxide, methane 

and other substances through the planetary boundary layer is mainly achieved 

through these convective processes (Reiter, 1968).

The spatial scales of the atmospheric motions can be divided into 

three major divisions, namely micro-scale (or small scale), meso-scale and 

synoptic or macro scale motions. The micro-scale Convection includes the 

turbulence associated with winds near the ground and small scale cumulus 

clouds. The vertical scale of small scale motions is generally dominant in 

the low levels of the atmosphere.

Meso-scale convection generally consist of clusters (10 to 200 km 

across) of larger cumulus and cumulonimbus clouds which have strong 

updraft extending from the planetary boundary layer to the upper troposphere. 

Some of the highest cumulonimbus towers may reach above 20 kms, and at 

their crest may penetrate several kilometers into the stratosphere. Much of 

the water vapour they transport upwards is often precipitated as snow or hail. 

As clouds disperse, however, they leave behind little water vapour at high 

altitudes together with many other particles and gases brought up rapidly 

from below meso-scale convection is the most dominant upward transporting 

process in the troposphere over most humid, low latitude areas (Biswas,1979).
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Synoptic scale vertical motions are of larger geographical scale and 

are much slower (of the order of a few centimetres per second). They are 

vertically slanted at very low angles. One kilometre ascent of air may 

correspond to several hundred kilometres of horizontal motion of air (Reiter 

1968). Synoptic systems include cyclones, anticyclones, Jet - streams 

atmospheric waves, Inter-tropical convergence zone, etc. They contribute 

lot to some of the observed ozone variations (Sreedharam
at a l . ,

1974; WMO, 1986).

2.2.1.2 Tropospheric advection

Advection determines the horizontal air movements The spat' 1 

scales of advection can also be grouped into three, namely; Micro meso 

and macro (synoptic) scales. The micro-scale advections include the 

urban/rural winds and are induced by small scale pressure gradients Meso 

scale advections like land/sea breeze and mountain/valley winds are induced 

by regional scale features like the large water bodies; topography and 

blocking systems.

Macro-scale advections generally consist of the horizontal component

of the general circulation, example of which is given in figure (2).
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2.2.2 Stratospheric Circulation

A major cause of the tropical stratospheric circulation is the reversal 

of zonal winds from westerlies to easterlies. The mean reversal period, as 

mentioned earlier in the text is about 26 months (i.e., QBO). Maximum ac­

tivity is centred around 20-35 km. and progresses downwards with time. 

Another cycle superimposed on average zonal wind has also been evident. It 

is centred around 6 months. Its maximum effect is at about 40 km. Both 

the QBO and 6 months cycles have been observed to be variable from year 

to year (W ilcox,et a l . ,  1977; Oilmans and London, 1982). These 

cles have been shown to influence the periodic fluctuations of total column

ozone.
In the extra-tropics, the dominant feature of the stratspheric flow is an

annually reversing system of circumpolar zonal winds, which are

l es in the winter hemisphere and easterlies in the summer, with

. • boti, cases at the stratopause or in the mesosphere, 
maximum speeas

The winter stratospheric westerlies are strong and variable from year

«  strong westerlies as low as 20 km. in latitudes 55 
to year. They appear as strong

75 degrees of both hemispheres, where they are known as polar- 

d ^  are subject to vigorous disturbances that produce
night westerlies.

. cnhddence through great depths. These give rise to strong 
strong uplift and suosia

ThP associated subsidence creates dramatic "suddentemperature alterations. The a

on degrees to 30 degrees in a day, which 
warmings", sometimes of 20 degr



km

- I I  -
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quickly destroy the westerly system. Large increases in total ozone occur 

with each warming, and there is no doubt that these systems account for the 

accumulation of much ozone in the lower polar stratosphere late in winter.

The summer stratospheric easterlies also descend to about 20 km, but 

are light 'and almost disturbance - free below 30 km. Slow moving waves 

with some vertical motion, occur at higher levels in middle and low latitudes.

As in the troposphere, substances injected in the stratosphere will be 

rapidly carried around the earth (Biswas, 1979). Poleward or equatorward 

dispersion however is much less rapid than in the troposphere since there are

fewer disturbances at these high levels.

Troposphere - stratosphere-mixing processes are discussed in details in

the following section.

9 2 3 Troposphere • stratosphere mixing processes

There are several possibilities through which the stratospheric and

. • air ran mix (Reiter, 1975; Biswas, 1979* W h itte n  e t  a l . ,tropospheric air can hua

1 9 8 6 ).These Quasi-horizontal transfers through the tropopause

discontinuity >n the mid-latitudes.

Downfolding of the tropopause in strong frontal zones 

especially when cyclonic disturbances are active, 

iiij Fall-out probably with scarvaging,



- 24 -

iv) Upward-moving gravity waves, which are thought to play a 

rather special role in the winds of the lower stratosphere,

v) Motions associated with the vertical arms of the general 

circulation cells which include Hadley, Ferrel and Polar cells 

and

vi) Penetration of the tropopause by tall cumulonimbus clouds as 

explained in the previous section (2.2.1.1).

The gap between the tropical and polar tropopause creates a clear 

media for quasi-horizontal mixing of atmospheric constituents. A current 

moving poleward from the tropical zone at, say 16 km will infact move from 

the tropical tropopause into the polar stratosphere. Strong waves in the 

westerly jet stream, which are 2 to 5 km below this level, often induce such 

transfers. Such air is dry since it can hardly contain enough moisture 

(temperatures are less than -75 degrees centigrade) Hence no appreciable 

water exchange may occur, though, particles and trace gases may well be

carried through the gap.

A similar mechanism is in the tropopause folding. Immediately below 

the jet stream cores of the westerlies there are found strong, sloping frontal 

zones These are boundaries between cool air on the poleward side and 

warmer on the tropical. In association with eastward moving cyclone waves 

of the westerly current, strong, slanting subsidence of stratospheric air occurs
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in the frontal zones, bringing down low humidities, radioactive tracers and 

ozone from the lower stratosphere. The substances thus removed from the 

stratosphere are subsequently mixed into the troposphere, and in the long run 

may reach the earth’s surface.

Fall-out is not significant although it plays some role in the mixing 

processes, since the lower stratospheric aerosol particles are generally too 

small to precipitate rapidly. Some meteoric dust does however gravitate 

downwards across the tropopause. Such dust may enter into various physical 

and chemical process in the stratosphere and may hence carry so: non-

meteoric molecules or atoms along with it.

The vertical arms of the general circulation cells contribute to the 

stratosphere - troposphere mixing of atmospheric constituents. Figure 2 gives 

a clear picture of the motions.

The next section is devoted to the environmental aspects of ozone.

2.3 ENVIRONMENTAL ASPECTS OF OZONE

The current international concern on the stratospheric ozone

■ u mnoraMv resulted from anthropogenic influence on the natural diminution has generaur
. .  ,  ,he atmosphere. This section is devoted to the man’scomposition of tne <*uj r

. „ atmospheric ozone together with possible biological and 
influence on the atm v

climatic impacts
due to ozone depletion.
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2.3.1 Man’s impact on the ozone layer

Stratospheric ozone amounts can be disrupted by both natural and 

man-made factors. The natural factors include volcanic eruptions and extra - 

terrestrial events (like solar flares), which in the event of their occurence 

perturb the concentration fields of the oxides of nitrogen. The anthropogenic 

mechanisms include Aircraft emissions; emissions of N20  from fertilizers 

and/or nitrogen fixing vegetations; industrial and vehicular emissions of

halons, chlorofluorocarbons, methane and carbon dioxide; nuclear bomb, etc.

(WMO, 1986). The anthropogenic mechanisms are briefly described below.

The manufacture of the supersonic aircrafts, whose high temperature

. , nitTic oxide directly into the stratosphere, provided 
combustion engines tnjec

,„e of major « e « h  1 * —  "  S° “
ozone reduction is related to the injection rate and

of these studies show t a
itimde (closeness to ozone production zone). Hence 

to the injection altituoe
• troposphere are not expected to have a

supersonic aircraft injections in the P P
.mail numbers of concord - type aircraft operating 

noticeable effect, nor are .
other hand, studies earned out using models

at 17 km or lower.
f advanced supersonic transport planes, operating at 21 

indicate that a fle ^   ̂g megatonnes per year could result in a 12%

km with an mjec # situation permissible total emission levels

steady *  < W e“ " '  a„on»| agmemen, (Biswas. TOO),

would have »  «  W
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Various studies have postulated that increased usage of agricultural 

fertilizers and/or of nitrogen fixing vegetation might affect the nitrogen cycle 

and result in an increase in the amounts of nitrous oxide released from the 

surface into the atmosphere, m is would lead to an increase of NO, in the 

stratosphere through the mixing processes and thus may lead to a decrease in

ozone amount. (Titus > 1986)

Halons, chlorofluorocarbon and methane can destroy stratospheric

, ,  . io rPipaSed by action of ultra-violet radiation on e.g. aozone. When chlorine is releasea oy

, , „ „ medium altitude of 30 km, it goes through catalytic
CFC molecule at a metnu

. Hpstroved and moved back to molecular oxygen 
cycles in which ozone is destroy

reservoirs.
f Halocarbons are as propellants in aerosol spray 

The major uses or
. rpfriseration and air conditioning, and as blowing 

cans, as cooling agents m reffiger
The aerosol sprays can account for about 75% of the

agents in foams.
d about 75% of use 1S in Personal care

emissions in the atmosph .
. .Drays and deodorants (WMO, 1986). 

nrnducts - hair sprays ^
P . Halocarbons have shown an increasing trend for

Various studies o
of the most recent model studies was earned out

„»». ***-j^L»— c»“ “
by the European abQUt per year of fluorocarbons

predicted an overall grow

(WMO, 1986).
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An important feature of the predicted reduction in ozone due to CFM

release is shown in Figure (3). This diagram presents the expected reduction

in ozone, after Crutzen (1975), as a function of height, for the years 1972,

2000 and 2025. The reduction is a maximum near the height of 40 km, that

, • t.brrr the CFMs dissociate most rapidly and where ozoneis near the region where m
, „  . j According to this diagram, the direct measurement ofis essentially formed. Accorumg

, „ m r F Ms could be best carried out near a height of 
a reduction in ozone due to CFMs co

«  T h is  is , »  M t f  * »  » '  » ” ' ” d ' ! '  b“  B U V  ^  d “

„  „ d t * —  * ° *  ' *  ” d' " “  ° f *

ozone decrease at ihese heights.
, a hv hieh temperatures in a nuclear explosion 

Nitric oxide produced by. hign
4 i non Some ozone may be created locally by 

should result in ozone depletion.
• • from the explosion. After a few days, however, thts

Ultra Violet radiation f . .
, unction  from nitric oxide grow in importance.

effect should die out and deple
. ffect js mainly a function of the injection

The magnitude of th diffusion and transport of the nitric
, d „f consequent atmospheric on

level, and reveal any noticeable effect
studies have taiieo u»

• j Q/h for various
oxide, so (Biswas 1979)* Simultaneous measurements

subsequent to nuclear ^ the apparent discrepancy
throw some u0ul

a NO may mr°w 
of ozone and

, nrv and observations.
between theory
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2.3.2 Man’s impact on tropospheric ozone

Both man-made and natural factors contribute to the alteration of 

tropospheric ozone. The natural mechanisms mainly consist of:

i) the transport of ozone in the stratosphere to the troposphere

due to mixing processes, and,

iij the emission of H,0 from nitrogen fixing vegetation. 

Photochemical reaction of this N20  with molecular oxygen

produces ozone.
• nmduced artificially through emissions of

Surface ozone is P
,  M O from automobiles exhaust and fuel evaporations. It is 

hydrocarbons and N20  *r
„ nvveenated hydrocarbons and hydrocarbons emitted

also produced through y .
tt,p nhotochemical reaction of the emitted

n » in l, from *  P
. „ . w„  0f „itrog» prodoc <Ad

hydrocarbons and oxi

Sterens / 1986)' mainly concentrated in populated urban

A nthropogenic emi ^anthropogenic factors are the major 

areas. Various studies ha surface ozone over many large cities

contributors o f the observed >ncrea

(EPA, 1978).

The next section

thc stratospheric residence time for gases, 
dwells on the str
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reacts

2.3.3 Stratospheric residence time for gases

The time spent in the atmosphere by a gas before it irreversibly

with another substance is termed as its residence time.

The following observations have been made by Reck, 1976; Biswas,

1979; and Roy et a l . ,  1980, among others;

Residence time for chemically stable substances in the lower

stratosphere increases with height from a week or two at north

to several years at greater heights. The polar tropopause to

Hme generally depends on the level and on the 
residence time g

slope of the tropopause, among others,

• . a into the lower equatorial stratosphere (17-
Substances injected-

. remain there for a period ranging from  
2 5 km) tend to rem

months to  years,
- , concentrations disperse to higher latitudes they

When tropical
j cloning paths. When they arrive in 60 

d0 so along downward sloping
^ftpn 5 to 10 km below their original 

. _ es latitude they are often
a  °  . • ted in the mid-latitudes tend to
level Substances >nj
16 mu)ards the equator and downwards
.. upwards tow
dlSpef ,nne similar sloping surfaces. Such

rds the pole5 aJ0ng
t0 - many months to complete.

CPS require many
process observed to be present in the

ocarbons have
Chlorofluor  ̂ ^ h e r n  hemisphere in substantial

upper troi

ii)

iii)

iv)

liavw- -

hem hemisphere in substantial
5posphere of n0
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quantities. They are engaged in slowly penetrating the upper 

stratosphere where they are dissociated by ultra-violet radiation. 

Due to the rapid increase of residence time with height it will 

take more than a century for the atmospheric processes to 

clean the atmosphere of the molecules which are already 

present, even if we cease manufacturing now.

These facts have serious implications on stratospheric pollution as

described in the next section.

• i impacts of ozone alterations2.3.4 Biological impacts
. V would have severe impacts on man,

A reduction in stratosphenc
. ,eed the entire ecosystem (Biswas, 1979; Titus, 1986).

animals, plants an that surface ozone, being a
. various studies have

On the other han , /ppa  1978t
tituents of the ecosystem (EPA, 1978).

pollutant, affect the con ^ ^  an increase in UV-B

Stratospheric ozo effects of increased UV-B
on earth’s surface.

(290 - 320nm) radiation ^ ^  cancer, sun-bum, snow-blindness, eye

radiation exposure to man s[dn In man, tropospheric
nd wrinkling

damage, ageing an shown (0 produce the following
han 0.25 PPm na

concentrations greater . jtations, coughs, increase in airway

effects; Nasal, eye and jng and even severe headaches,
in pulmonary

resistance, changes

, cpA I97 8 , j others (EPA,



man) indicate that in latitudes where long periods of high natural solar ultra-

. nrpvoipnt two effects have been noted. These areviolet radiations are prevalen,

, nf ncnlar carcinoma; and pink-eye, a bacterial cancer eye, a form ot ocunu

phoiosensiiizauon. On ^  *” * “  l“ "  , ' ° m  " "

exposure o f n n t a l s  »  W ' ™  ozone eoneenn.no.s gzea.e, ,l»n 0 0

lmonarv malfunctioning and adverse effects on blood 
ppm may cause pulmonary

cells.
,. ,ion on plants has been shown to bring about 

Increased UV-B radtatton P
a rhp inhibition of leaf expansion. In plants,

depression of pho.osyn.lre®
affect Stomatal openings, resptranon, photosynthesis 

high surface ozone levels .
. • , oathways and enzyme system. These adverse effects

and even biochemtc ^  dmber yields, which could have
a reduction in cr0P

on plants can cau (Menzel, 1984, Moorman et a l.,
•oi qnd economic imp

a direct social ana

1973). known to be major contributors to
, nf surface ozone ar

High levels ^  materials such as elastomers (rubber),

deterioration of many W es (Mueller and

„ w res and '
textile dyes, fi

Stickney, 1970) impacts of increased UV-B radiation
thflt the

Studies indicate don in plankton production with
include a re

on aquatic ecosystems ^  might be competitive ability

ff f-t on the aquatic 
negative effect

V arious studies o f increased UV-B radiation on anim als (other than



- 34 -

among organisms which could alter the entire ecosystem, although at present

these are difficult to predict (Ilyas, 1986).

Therefore significant changes in ozone concentrations can have several

. , ™  ™/hirh in turn can cause significant changes in theecological consequences wnicn

„ imnarfiof ozone dimunition on climate is the subject climate. Details of the impacts oi uzu

of the next section.

c n'mnp rhanee on climate 
2.3.5. Impacts of ozone

• in determining the radiative balance of the
Ozone plays a major role in

, . the stratosphere. A reduction and/or redistribution
atmosphere, particularly in

w  the distribution of temperature and other
of ozone with altitude could

, ..itra-violet solar radiation which is very 
This is due to mu

weather elements. ^  ^  temperature of the stratosphere is largely

strongly absorbed by soiar radiation by ozone and
between aDsoipu

maintained by balance ^ radiation by ozone, carbon dioxide and

emission of atmospheric  ̂ tospheric heating rates would have a
Any changes in str ,

water vapour. ^  ’bution in stratosphere and possibly in
ihe temperature dis

direct influence on me wouId have an effect on the
temperature changes

the troposphere. Thes . ce climate (WMO, 1986).
. peculation ana

patterns of atmospheric impact of a decrease in
the possible cii

In addition to modifications by the ozone
„re other Potenn<u

stratospheric ozone there been directed to the green-house
# Greatest attention

depleting substances.
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wanning of the lower atmosphere by fluorocarbons, halocarbons and other

trace gases (Ramanathan , 1976; WMO, 1987). The wanning effects of

these gases add to the wanning by carbon dioxide. Atmospheric carbon

inrrpasinff due to man-made activities (Titus, dioxide concentrations are increasing uuc

1986).
J ■ ,hp ozone column would result in an increase of the

A reduction in tne
, . IIV r radiation reaching the earths surface. There is a 

biologically harmful UV-B radiatio
• TTV-R radiation near the ground could increase

possibility that the increase
r i„r{Te cities, and implicitly increase tropospheric

the photochemical smog ove
•t has been shown that the impact am ounts to

ozone. However, it
. ( „ ,» >  ozone of M  U K  ' ” »■

an increase in difficulties in evaluating the effects of ozone
However, there are . . . .

umate simulations are in the primitive states, 
First, the climate.

change on climate. assigned to the predictions. Second,
. . .  c0nf.dence can be assign

and no conclusi the t ^  there js every reason

«—  b. -  * " ^  (WMo.
fural fluctuations t

to expect these na verwhelming evidences of the general
nrher hand, there are

On the otnei _ , ^  greenhouse gases. The
due to the increase u

warming of the however varied from one model to
i Kql warming

maginitude of the g 0 ^  ̂ degrees centigrade (Villach, 1985).
tween 1*̂  ^

another, but it ranges ^  level are more realistic in the

The climatic change ional anthropogenic processes. These

. of the impact of the
determination
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changes cannot however be accurately estimated with the existing climate 

models. This has been partly due to the inability of these models to

parameterize ,he complex t o W  P " » “ '*  l» W“ " “  ‘ ‘

atmosphere and the natural respons
of the ecosystems to the expected

changes. Knowledge of ih . P »  -  P « ” »

aseful in me u n d o s ™ ® . *»“ P1” '" 8 “*  lmP“  ”

very

greenhouse gases. The method 

trend over Nairobi are discussed in

used to study the past and present ozone 

the next chapter.
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CHAPTER 3

DATA AND METHODOLOGY

3 1 DATA UTILIZED IN THE STUDY
, tprt t0 ^  basic measurements of ozone and the details 

This section is devoted to

of the data used in the study.

3 11 Sources of the **ata . . . f
u v  nzone amount was obtained by use of

total atmospheric
Data on ,o which is stationed at Chiromo

„ snectrophotometer No.
Dobson’s ozone P at ^  altitude of 1692

of Nairobi 0  ^
Campus, University available from the station since

one data which is
metres . The daily ozon „pments were however made within

... ftd Hourly measurem
April 1984 was utilize • Nairobi observatory forms pan of

Ivlay 19̂ 9* *
the period June 1988 to stadon near the equator. Thus the

network and is t
the global ozone n solely from this stanon.

ozone data used in the stu y ^  ^  ^  included cloudiness, total

Meteorological records us Temperature, relative
heigbb d

, ,iarion tropopauS , j this study were for thesolar radiation, records used
nnd speed and o mb> 100 mb, 70 mb, 50 mb,

humidity, wind P no mb 200 mb’ ^
s> 7oo mb, 500 mb. 3 ^  ^  ^  observations were available for

„b",„d 20 » *  1 , ““  ™ s »b“ d
. „ aU the upper

■omo station,
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Dagoretti meteorological station which is located 6.2 km away from the 

ozone station. The surface weather records were however obtained from

, where the ozone Spectrophotometer isChiromo Campus observatory wnere

stationed. Ozone recotds were subjected to the analyses highlighted in the 

next section. The working principles of the ozone spectrophotometer are

however discussed first.

3 1 2 Ozone measurements
- Ml OZOne amounts are made by use of either surface 

Observations of total
1070  ̂ In the surface based method,

...e ili.e  b ,,ed  ( B ^ .  «""■
• ^6  column above the observing station is

the total ozone amou spectrophotometer which, although bulky and

m easured by D obso carefully operated and
• o f total ozone to witn

delicate, gives esnm

maintained. j bv use of a Backscatter
. ed measurements

Satellite ba ^  ^   ̂ orbiting satellite. These

Ultraviolet (BUV) instrum uaSi-global coverage by one and the
advantage of Q

measurements have rPqdilv comparable. This method
the readings reacmy

same sensor, thus making ithin 6% of those obtained by
hich are compatible t0

gives ozone values which

Dobson’s spectrophotometer- ozone spectrophotometer was

In the present work, acc0unt of the instrument is
i ozone data.

utilized to ob,«»
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given below.
Details of the instrument can be obtained from Komhyr (1980).

3J.2J Q E e r a t i o o r i n ^ ^

the instrument through a window on top of the 
Light enters the ms

. . . .  After reflection in the right angled prism, the light 
instrument (figure (4))-

This spectroscope consists of a quartz lens

which renders ^  ^  ^  tQ reflect the spectral colours back

spectral colours. A mirror ^  plane of the instrument. The

through the prism and lens of ^  ^  s3 s 4 located at

required wavelengths are isolated y

the instrum ent’s focal Plane- base of the spectrophotometer.
,  rnds are mounted m

Two shutter ruu spectrophotometer tests are
rod is used only

The left hand S4 shutter ^  ^  int0 the instrument when ozone

conducted, and should be pushe ^  wavelength selector rod blocks
jg  The rig1

observations are being ma • s  When this rod is set to
L oil J U2

u. vaccine either thro observations can beout light passing . c are open so mai
i* c and 3̂

• c h ORT, only slits 2 wavelength selector rod
position SHOKi, pair, with m

. n A B C or D waV£ 0pen and observations can be
made on A, Q and 8 4 ^ ^

•Hon only slits S, 
in the LONG P°31tlon’

, r  wavelengt*13- C‘ or D when making ozone
made on the C ^lengths A. B’ ’

Selection of »  Q, -  ”  PO” “ “

„ „  it .e e o » rf i* r fmeasurements
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specified in a table of settings of Q provided with the instrument.' Thick flat 

quartz plates and last slits (S, and S5) are fixed to the Q levers. Depending 

on the direction in which the quartz plates are rotated, the light beam passing 

through them is refracted upwards or downwards, thereby providing for

~  ;n refractive index of the spectrophotometer wavelength selection. Changes m rerraou

. rhanses in the temperature of the instrument are
quartz pnsms due to cndiig

u* oHiiKtments to the settings of Qj. 
allowed for by making sligh J

• , is mounted in the instrument in front of slit S , .
An optical wedge is

J . s t r o l le d  by turning a graduated dial located 
The position of the wedge 1 . .

given position of the dial the intensity of
on top of the instrument. or . , _

h the optical wedge is reduced in a definate ratio

the light passing thro g calibration of the spectrophotometer.
• Hnring the original cai

which is determin fv of the two wavelengths on which
the relative intensity

In order to measure detect the balance
. is necessary to be

observations are made,

position of the dial.
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/

IN C  'D € M T  
L IG H T

CO LLECTIN G  LENS U V  F ILTER ii'i'!: w in d o w  (w^

III1!;,

P L A T E  EITH ER PASSMG OR OBSCURING 
B EA M S FROM S L IT  S .

S E L E C T O R  P L A T E  P A SS IN G  LIG H T E IT H ER  
FROM  Sg AND S j  OR S }  ANO S 4

F i g u r e  2j». O p t i c a l  system o f  th e  Dobson s p e c t r o p h o t o m e t e r  ( K o m h y r , 1980jt



- 42 -

Utilizing Dobson Spectrophometer, total ozone observations are made

. the relative intensities of selected pairs of ultra-violetby measuring the reiauvc
„ , . o  r  r> and D wavelength pairs, emanating from the 

wavelengths, called A, B, t-, t- <“ lu "

skv The A wavelength pair, for instance, consists of 
sun, moon or zenith sKy.

, ,t,at is highly absorbed by ozone, and the more intense
305.5 nm wavelength that is nign y

u h«, is relatively unaffected by ozone. Outside earth’s 
325.4nm wavelength that is rela y

. thpcp two wavelengths remain fixed. In 
atmosphere the relative intensity of these two

ha™ m the instrument, however, both wavelengths
passing through the atmosp

J m crattering of light by air molecules and aerosols, 
become less intense due t

u -tn ss  nm wavelength is strongly attenuated w hile  
Additionally, me w  •

whereas attenuation of 325.4 nm wavelength
passing through the ozone y

• ;«tpn<ntv of the A wavelengths as obtained 
i Thp relative mten&uy 

is relatively weak. The
• c with the amount of the ozone present 

from the instrument, therefore, vanes with
the fact that as ozone amount increases,

. , This is due to
in e atmosp er . ^  ^ ^  wavelength decreases, whereas the

the observed intensity of th . . ,

intensity of the . .  f  the suitably selected pair wavelengths
iative intensities o

measuring the re ossible to determine the amount of ozone

with the Dobson mstnitn ^  from ground level to the top of
column of air ex

present in a verti instrument. The results are
• .he neighbourhood ol tne

the atmosphere m m  of pure ozone at standard
n f a thickness o f a lay 

expressed in terms o

temperature and pressure-
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The general data reduction equation for ozone observations made on 

single pair wavelengths such as A, B,C or D is of the form

x= {N-CP-pVp/po-CcŴ SeczlAa-aV...............(1)
Where X = total ozone amount expressed in Dobson units (ID = ^ M e t r e s  

o f  p u r e  o z o n e  a t  s t a n d a r d  t e m p e r a t u r e  and p r e s s u r e  ) .

N = L„ - L = Log!, - l o g j  
T ' I*
0 . • a„ fhe atmospere of solar radiation at the short and!  and 1/  = intensity outside the atmospei

, •• ,-i„ nf the wavelength pair,
long wavelengths respectively,

at the ground of solar radiation at the short 
I and I’ = measured intensity at the giu

and long wavelengths, respectively-

„  , , . , cr attering coefficients of air at the short and long
P and p / = Rayleigh Scattenr0

wavelengths, respectively,
, ^ ^ a i  paths of solar radiation through the 

m = ratio of the actual and vertica P
int refraction and the earth’s curvature;

atmosphere, taking into acco 

P = observed station pressure,

P0 = mean sea level pressure,
of aerosal particles at the short and long

<f and 6/ = Scattering coefficients

wavelengths, respectively*
nf the sun,

2  = angular zenith distanc

<X and = absorption coefficients
of ozone at the short and long

wavelengths, respectively. ^  ^  solar ra(iiati0n through the ozone

JJ= ratio of actual and vertical paths o
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layer, the main height of the ozone layer being

The major problem of using equation (1) is related to the lack of a

satisfactory method of estimating the ae.osal sc.ti.ong coefficients Pandti').

In practise, therefore, observations are normail, mad, on double pair

i Roth the A and D wavelength pairs
wavelegths, e.g, the AD wavelengths. Both

it,, enttered by the atmosphere. The scattering effect 
are approximately equally sea

„ aer h  that absorption by ozone becomes by far 
is therefore nearly cancelled

u r^Htive intensities of the double pair 
the major factor affecting t e

„ nr? heine made.
wavelengths on which observation

mlQHnn for observations made on double 
The general d . . .  reduenon equation

. &n BD, CD or AC pair is
paid wavelenghths such as ’ ^  - ( ^ ' ) J s e c ( z )

m -R l  lm p /P n' L  ̂ 1 ^
N -N O B - B ^ - C 0 B V  o -----------_ _ -----------------
1 2

X =
12*  __________________x  1 *
12 1 fer to the two wavelengths pairs and (cf -

where the subsenpts 1 mean station pressure may

< S\- { 6 - A  is assum ed to be zero.

be used for p  w ithout sig ^  not iimited to that of measuring

The use of the spectr 0f zenith blue skylight can

direct sunlight or moonlight- ozone. Skylight is scattered
f total atmospneiH'

Provide meaningful values as sunlight. A graphical
bs skylight just

sunlight and ozone absor asUrement of skylight as opposed to
i t0 evaluate a nae

technique is employed ^ e c t  sunlight measurements.
. used to evaluate u

the mathematical equati°

• - ( 2 )
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The graphs, which are consnocted from simutaneons sunlight „«1 skylight 

measurements, mime the intensity of zenith H u. measurement, ,0 p „ h  ieng.h

of total column ozone.
pnfp ran also be made using light from the The total ozone measurements can aisu

, , „h, re achin'7 the instrum ent from zenith cloudy sky is a
zenith cloudy sky. Light reacni g

there is no reason to believe that one 
mixture o f sunlight and skylight and there

. he absorbed or scattered more than the other,
wavelength of a pair wl^

the relative proportions of sunlight and
Therefore, under cloudy con

t ,re unimportant and useful observations can
skylight entering the instrumen

- fnr wavelength pairs and pathlength, e.g, an 
be made by utilizing the cnten

. * n  is best observed when m is equal
observation of double wavelen0t P

hile an observation of CD is desirable in the
to or less than about 2.4, w

7 0 to 6.0, etc (see equation (D).
range of m, from about analysis discussed in the next

The ozone «  w ee  ^  »

section.

3.2 METHODOLOGY ^  tQ study the spatial and
methods which wer

The various m Mairobi are discussed in this section,
of ozone over

temporal characteristics o missing ozone records and
re used to estimate the

The methods which we oZOne records used in the study are

the quality control measu 

however discussed first-
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3:2.1 E stim ation of missing data

, ,___ tup n7nne data archives that few records w ereIt was observed from the ozone aaui

. u Anril 1984 to May 1988. An attempt was thus
missing within the period Apn

• Hqta with a statistical method as shown in 
made to estimate the missing

equation (3).

The equation expresses the estimated ozone amount (E.) as;

k=A ,(H .j/A w+K.,/An*Mi „ /A i+,+Mi+2/Ai * )/4" " (3)
fnr ,he month with missing data 

Miere A = average ozone amount for
nvpraae ozone amount for two preceding and 

A A A- A , = long term average o

two following months, respective y» .
, /• \ nf the year under consideration.

\/T t fr\r the month (i)ozone amount for tne . ,  .
. apneralised form of the arithmetic average

is a more b
. f  missing records (Rainbird ,196V.

method of the estimanon o ds were tested before they were
f estimated

The quality control tests are discussed i
nptiils of the quamy 

included in the study. Deta,1S

the next section.

iitv contt^^
3.2.2 D ata qua y errors in data and ensuringfhe detection oi c

1 Hrals With tne
Quality control ae ^  tQ detect errors in the data, it

error free* hi
that the data sets are near and causes of the errors

idea of the common typ
is important to have some „nd minimisation.

thods for detecu
so as to design suitable me

in
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The major sources of errors in the ozone data are generally associated 

to:

(a) Instrumentation

(b) Station condition

(c) Observation and recording

(d) Coding and decoding, and

(e) estimated ozone records, among

_ „re generally due to the conditions and
The instrum entation  errors

These errors are systematic, persistent
intrinsic accuracy of the instrume

The alteration of the station conditions
and generally increase with time

, microclimate of the station. Such changes
like the exposure may change

induce persistent errors. ^  associated with misreading of the

Observation and reco computations of the ozone
. the units,

scales, mis-interpretation _ mistakes arising from the
originate

^mounts, etc, while coding err

coding and decoding of records ds which were used in the
ors in the ozone

The other major err d ozone records. One must
■ otpd with the eStim

study could be associateu records are homogeneous (i.e.

H r all of * e 0Z0 
therefore determine whetne

stalisliMl dIOTW»o»)-
Saniples from the same



- 48 -

In this study, internal consistency checks were done by testing 

calibration level of the Dobson’s ozone spectrophotometer. Standard lamp

r i . whether the level of calibration of thetests were performed to check wnetner

, i mnstant When a permanent change occursspectrophotometer had remained consta .

• • the instrument the lamp test data may bein the spectral characteristics of the instrume

. annlied to the ozone data, 
used to determine corrections to PP

f Arrnr Were minimised by observing a strict 
Other sources of error

observational and recording procedure of the data
rv./'nrds was examined using homogeneity 

The quality of the ozone records
..^pd in the next section, 

tests. Details of these tests are discussed

3 2 21 H ornogendli-SCS^SflS-d^

f are concenied with the detection of bias or drifts
Homogeneity tests 31

the archieved observauons after a long period 
which m ay have taken p lace »  t e ^  ^  ^  ^  ^  ^  ^

° f recordlng’ Le checking W ^̂  records may be due to changes in the 

statistical population. Heter g instrument errors, change of
a of m easurement,

lnstrument types, methods
ion of records, etc.

e*posure conditions, estima 1 ^ tQ test homogeneity in
. • , methods have been

Many statistical ^  ̂ ^ ass curve> Runs tests, Double

clirnatic records. They *nC , y 0hai method, etc. The
. methods, M arrona

mass curves, Correlation m , mass curve and one sample
. namely^ ^ eS1 

Methods used in this stu y»

run’s test are discussed in
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3.2.2.1.1 Residual mass curve

Cummulative deviation of observations from the mean are plotted

, A straight line indicates hom ogeneity  inagainst tim e (R esidual mass curve). A stratgnt y

, , . Q'onifirant deviations of some points from the straight linethe observations. Significant a
Tf nil observations do not lie on a straight

are indicative of heterogenei y.
aronh To test if the slopes of the two 

line, two lines may be drawn on the graph.
, frnm each other, the slope of the regression 

lines are significantly different from eacn
,  „  thp regression line (D) are computed, where 

line (b), and the deviations from the regr
___ ______  —"2 "  2 v ......................................................... ( 4 )

b=(X1X2-X1X2)/(Xi-(xi > ......

.. ..................................................(5')

w h e r e  R = f ( X ?  -  x 2 ) /

. . .  V = Dependent variable
Xi = Independent vana e, ^  hne of regression (X2 being the

X /  denotes the values of X2 given

f the dependent variable);
actual observation of die v 

N = total number of observations; and
, the bar represents mea -

R = badness of f i b  anC^

1 /2

The ratio 1/2

Kb.-bJ/tCN.D^+NA X1' ,b.

.(6)

Iv b j/K N .D .’+ N A ’X1̂ 1* r .h> is not significatly different from

„ . A null w < * s,s °
“  11,60 computed. A ^  ^  where

b2 is assumed, which is r J
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. . . .  , , ,  m + N, - 2 degrees of freedom, at thete = limiting student t value at + tvz ^ s

desired percentage of confidence level.

2 2  2  1.2 One samPle run s test

• i, s method of testing a null hypothesis of
This non-narametnc test is a n

. , _n alternative trend, slippage of mean, or
’homogeneity in records’ agains

It ha, been applied to many climatological time 
some form of oscillations. It 1

series(Ogallo, 1979; Ogallo, 1981*) •
,  uPiow the median in a sample of 

The number of runs above o .
„ u ^ nd cycles or random fluctuations in a

observations can give an idea o tie  .
,v a mill hypothesis of ’no homogeneity in

time series In the present s
ries and the statistic Z is calculated

the records is assumed for the ozo 

from the formula,

Z =:X /(K /p)lc..............
................. (7)

'•'here X = T  - + ^

B

^r^n2 (2n,n2 - n, - ni) anc^

= (n, + n j 2 (n, + n2 - D „ are number of runs above and
ns nt and n2 <“

t  is the number of observed ru -  ̂ ^  ^  [he sample. For large

be!

erved runs, > sample. For large
n is the size

. white ti ,
low the median respectively- ^  distributl0n with mean

„roXimates to a
ample size (n>40) the Z aPPr assumed hypothesis is tested

. The significanCe
er0 and unit variance.
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by determining the significance of the caiculated Z using a notmal

disnibution table. For all cases where Z>l. *  d »  null hypothesis of 'no

i » arcented at 95% confidence level, 
homogeneity in the ozone records

. , fhp non-parametric tests is that they are 
The major weaknesses with the non par

•u ^  nf the records. These tests are 
not based on the statistical distnbunon of

. •„ fPote They are however the 
therefore generally weaker than the parametnc -

easiest to use.
„  residual mass c .r-c  and the one sample run s 

The results from the
The homogeneous data samples were

test were compared in this stu y
the next sections.

subjected to the analyses highlighte

,  9 o T im e series analyses
3.2.3 are called a nme senes.

• ,  taken with respect to
Any observations taicei

Tin . • of the following components,
iite time series consists o

(i) Trend;

Seasonal variation,

Cyclical oscillation, ^

Random element. e (mean and vanance not
f non-stationary

Some time series are of f defined for stat10nary
. analyses are

v , nmps senes ai j detected from trendtant). M any times ^  series can be aeic^

series. The mean Pa^
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3.2.3.1 Trend analysis

The trend component, which is defined as the long term movement of 

a time series, can tndicate whether the series is stationary or non-stationary. 

This is particularly an essential factor to be examined prior to subjecting the

dme series to spectral and cross-spectral analy
Three methods can be used to study

Trend can be linear or no-linear.
L ,„ct hasic of them is the graphical approach,

the trend component. The mos
^  •. chiective since it depends on individual
This method is however quite si: J

. ctqtistical analysis, using parametric 
judgement of the patterns of the grap •

J examine the statistical significance of any 
methods, can also be utilized to ■

, , The most commonly used of
trend observed from the graphical met o

, Alternatively, constdenng that the
these is the arithmetic mean ... , ,

sica] variables are not readily known and

statistical distribution of many P ^  (distribution free) tests have been

ttre quite complex at times, non param ^  ^  Mann.Kendall rank

widely used. The non-parametnc (Ogallo, 1977). Three
u statistic, among 

statistic, T  and Spearm an  rank
• this study are discussed below 

^ th o d s which are used in

Graphical methods
3.2.3.l-t . s were drawn under this

,t,ed ozone time
Smoothed and unsmootn smoothed tfme senes the

c examined.
Method and the visual p a tte d  a weighted average of the

• ,ime isrepr̂ nted Y 
end at any given point m
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obsem ed values n ea i ,h a , point. Various weigUng f » ~  «

(Mi,chol, 1966; Panofsky, 1968, Ogallo. 1977; O g .ll., l» " >

many others).
spries was smoothed by binomial coefficients 

In this study the ozone sen
, ■ „ cedes was displayed graphically. The 

(Ogallo, 1977) and the resulting
, r* 90 for the i i l  months, 0.12 tor 

fnr the i- month, o.2U tor
»o,gh,s used woe 0.27 ^  Juppres«  high M nency

Iho i ±  2 months. This ow Ihan n
CP all fluctuations ot P

osciallations, and in this ca

months have been considerably suppres

7 Arithmetic mean method

3'2 '3 ' ' J ^vided into two equal samples
, , the ozone data

Under this method, ^  Sj and S2 are computed.
-  s t? and standard devia

'''hose averages, X, and A2>

Then the ratio . >j o il1'2........ ( 8) ' s computed,
o w , / n + i ^ /(N i N2

1 = (X, - X2)/[(N ,S,2+N2S2 )( 1 observationS in each sample. A null

where N„ N2 = number of ° zon from is assumed' The

hypothesis of ‘X, is not sign ifican t^  ^  ^  ( distribution with N, +

hypothesis is rejected if ^  W rdence level (Panofsky’ 1968)'
at 9 5 % confidence

^ 2  - 2 degrees of freedom,
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^ 9 3 1 3 Mann kendall rank statistic, x

This is considered as a powerful test when the most probable

ic linear or non-linear trend. In the test, 
alternative to randomness is

i relative values of all terms in the time
considerations are made only

Therefore prior to applying the test, X; is
series X, under consideration.

, . assigned a number ranging from 1 to
replaced by ranks K, such that each is ass.g

N ,h „  re„ec,s ,h , magnitude miad.e to *e  m . g - e t  -  -  —  ~  

The statistic T is computed by using 

N-lK N-l \
/(N(N-l)) - 1 . .(9)

, |„rser than i* value in the time series
, values large*

where n is the number o
1 nf N values.

• * the time senes
subsequent to its position m .. mbution with mean zero and

i *0 a normal distnu
The statistic ten larger than 10. The value of

mm  + 10) / 9N(N '  1} f
variance equal to d by comparing it with the
^  the significance o
^  can be used to assess

statistic Tr defined by

...(10)
\  =+ t f(4N + 10) 9N(N-D1 - •  ormai distribution for a two

• H usability level of 
Where t, is the desire P

than theoretical statistic Tr thentailed test.

If the observed statistic
X is greater

ihe trend is significant-
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The analysis of periodic and random components is made difficult by

. • o ,imp series Therefore the time series m ust first 
the presence o f trend in a time senes.

be made stationary.

A series is said to be stationary if them is no apparent trend in either 

the mean 'or the variance. That is when

E (x j = JLi, a constant, and
Wv . n)} remains

Cov (x„ xl + J  = x + k

constant over time (Harvey,
• nf a non-stationary time series to a stationary one 

The transformanon of
h’ch are mathematical expressions capable

is through some form of ’ . ,
desired characteristics and bnnging out only the

of suppressing the un . been utilized in the analysis of
Several tilt<ers>

required fluctuations. fh e rs , fllters> band-pass
, moving average

time series. They inclu r i ters The difference filters which
nrl loW pnSS ti

filters, high pass filters described below,

have been applied in this study are

_ . f f e r ence  f O t e r S
3.2.3.2 D1 Her may be defined as

filter of the first order may 
The difference fd « r (]))

v, = X, - X, ,  ............................  differenced and original records.

where Y, and X, rep « senI ^ g s e d  below.
_  ,  ~re briefly 

characteristics of this t te

V +a t +a , / ( ^ adratiC)'
(i) Suppose Xt- a 0 1

, tirowhere t -  u ■L

are  c o n s t a n t s , .
a > a ?

and 1im e an u

Some
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then Y=X,-X,-,

= (ao+a.t+a^Mao+a.C1- 1 )+a (̂t' 1 )3)

= Co+C,t(linear)

A s e c o n d  d i f f e r e n c i n g  t n u s  - en ' o n a

whe r e  i  = J - 1  a n d A = c o n s t a n t
(ii) If we now assume At—c

I nr iAt. lHt"l)then Y =e -e 

=A(X)elSl

w h m  A W. f“ncd“

That is, Y,= [ l- (C o s  viS in^Je ^

= [d -C os X)+iSinx]e‘̂  ....  }

=(l-Co:s 2x+Sin3̂ in(e <'+e )....

where tajie=Y/X

1 4 . =” ‘,^ ^ s," ^ ysin5V2m this case tane--*111̂  ^ 4 )

=  ...........................

,„n->f2 cotx/2 ) and
This implies that Q ......( 15)

Y=(2SinV2)e‘(*

, , ,0 transform the am plitude
c HifferencinS *s

, effect Ql , frnrn o to 0. HoweverTherefore the effc* angle from

a ib) t0  altef
from I to 2  sin 0 /2 )
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• a f f i l i a t io n  remains invariant -  • This
the wavelength or period of os

n . r the trend component is eliminated 
implies that by using a difference filter the

rendering the resulting series stationary
, rhp filter depends on the flunctuations to 

The choice of the order of
. n-gnd. The seasonal filter which

be filtered out and the characteristics

was used here was of the form

Y' = X‘ " Xt-  h , of reffl0ving the annual component of the time
This filter is capable o

series.

The differenced records 'cere
subjected K> ^

analyses. The mean 

the difference filter.

seasonal charactenst.cs were
however examined without

3 2.3.3 SeasonaUSOa!^ examined by plotting the
patterns were

The mean seasonal ozone ^  any month j is given as

The moan v
hly mean ozone values.

n
.....................

1=1 . n *6  total number of years. In
of record a n d "

i i rep resen ts  the year . y  1989)-
.  m  April 1984 t0 een the months, a

ase n = 5 (U - AP ^  relative values betw

In o rd e r to c o m p t"e beloW.

defined as

......(16)

Seasonal index  (Sj) waS



- 58 -

V  Vn^x./m,.............................. (17)
i=l

'v^ere is the mean total ozone value for the year i.

Monthly values of Xj and Sj were plotted in this study.

3 . 2 . 3 . 4  P v r . i c a l  v a r i a t i o n s

After the removal of the trend and seasonal variation by difference

f"llters> cyclical and random components of a time series remarn. In this

stnHx. , ovomined usins two methods, namely the
dy> these two components were exar

rrx , 'vu*cp methods are discussed below.
COlTelogram and the spectral analyses. U cst  metnoa.

3 ? 3 4.1 Correlogram analysts

jc defined as the ratio of the
The autocorrelation function

\ for a time series of n
autOcovariance R(K) to the variance

observations,

f(k^  (Cov(Y„ Y , J }/{v(YJ v(Y, J ) 1/2

. . . sufficiently l°n*’
Suming the time series to be_^
\  f i r *  xrv  )7(n-k)

1 t - i  trA

we may

1$

assume that
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Therefore,

n-k n-k n^k
j ~ Y tYltk - { £ > ,) (  £ Y ,J /(n -k ) 
t= l t= l t=l .(19)

r(K)=---------------- ------------------------
n-k n-k

Y,2- (^_Y ,2)/(n-k)
t=l t=l

= R(K)/R(0)

,c K (the time lag) is called a correlogram. The 
A graph of r(k) versu

ra iied correlogram analysis. This 
analysis based on the correlogram is calle

nature 0f the generating process. For a
analysis essentially reveals

f the correlogram is periodic, for a moving
periodic process the shape o . , r  , , , r

for a random process it is defined by the line

average process it vanishes, ess the correlograme decays

r(k) = o, and for a first order mar

exponentially. and COrrelogrames plotted for the

The autocorrelations were cal

. 7 Spectral analysis 
3.2.3.4.2 r

3ne records.

e powerful and more useful variable

Power spectrum is involves the transformation of a
•Mic fluctuations- 

ise in detecting penom

> series into frequency domain- of historical development.
derg°ne a

Spectral analy* has “ m.lhc<ls 1» »'
„  com »”" ly “ three most
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estim ates include the Autocorrelation 

the m axim um  en tropy  m ethod (Jenkins

transform, Fast Fourier Transform and 

and Watts, 1968). The autocorrelation

method was adopted in this study.

The power spectrum

autocorrelation function. The 

cc

f( A )= (l/2  n )/  r(k)e '^ ....
k=-<*

was expressed as a fourier transform of the 

theoretical power spectrum c a n  be  expressed as

....(20)

Where A is the frequency in radian* l* r un:it ume. ^  ^  process. The cycles 
The shape of the spetra depicts

,, d> The regular cycles have more
show up as peaks in a frequency

sharp peaks. expressed as:
♦ton (TP) w a y  be

For discrete observations equation

m-1
f(X )=(l/2  <r )5T r(k)e“‘x 

k=-(m -l)

=(1/2 n )  [r(o)+2^7I<k)Cos>Jil 
K '1-

.............-(21)

.... (22)

The spectral estimate
. 0f the

true value f(A) in « sPeCtl

r pH by introduCing 
^consistency is solved y

the form:

inconsistent

number of 

weights to

and cannot converge to a 

observations made. This 

modify the estimates, which

L  m J  , w(k)Cos>k)

^ = ( 1/2 7 T ) ( r (0 )w (0 )+ ^ r-1

.........(23)
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• . uvh \c known as a ’lag window . 
where w(k) is the weight which

• ic hard to be achieved in the selection of a 
Since an ideal situation is hard t

• „ has to be made between various factors, 
window to be used, a compromis

, . ^  side lobes of the spectral w indow,
The most significant of these are

u prffal window (Jenkins and Watts, 1968).
and (b) Band width of e sp smoothing. A shorter

. T determines the aegi^
The window lengt better resolution

, . rfpct but a larger L giv
L implies a stronger smoothing

^ ( O g a d 0 ' *977^'
m the computed spectrum'- concentrated in its main

is that whicn
A desirable spectral wi lobes lead to spectral leakage

jsle^ative side
lobe and only small side lobes. ibIe. An ideal window

be aS small as p
thus they preferably need to ^  ^  unsignificant side lobes so as

therefore has to have a narrow ce spectrum does not exhibit
i distortion such t a

to minimise the spectral frequency considered.

w'de fluctuations within the range of *  ^  weighting systems and have

uprs have investtg3 Bartlett Daniell,
Various researchers jnclude Hamming,

, windows which WatBt 1968). The
corne up with several /Jenkins an

„n„Turkey
Turkey, Parzen and B lack"*” is r f  * e

used in the
^^rzen window which
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K(KyT)= l-6(KvT)2+6(K/T)3 K
T

< 0.5 .... (24)

:2( 1- K )
T

0.5 < K
T

<1.0..... (25)

=0 1.0 ^ K
T

.(26)

where T is the truncation point a ^  

is the lag window.

The spectral window w(k) is &

W(K) = ( l /2n)^_exp(-ik>)K(K/T)

IK I^L

..(27)

0W is non-negative thus leading to non-

Since the spectral window ^  is ‘positive defin ite’.
the Kernel in 111

negative w indow  spectra , f wjndows (Kendall , 1976).
j ̂  Q s ̂

This is a major advantage ov spectral peak is usually tested
A of the observe

The statistical significanc helow.

,  .hods *Using a number of rneth

3 .2 3 .4 .3
sig„ ,« c ,« c

,heses have been used in testing 
• p hyp°theS

• nise and red-no*^ white noise hypothesis
Both white noise peaks. The

„ 0f the specff assumed for the red
*he statistical significanC randomness 1

,s s  while non-r
Assumes pure randomn

^oise.
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c r can be used to detect the
The first order autocorrelatton funcaon, r„

• • in a time series. It can be shown that for a
degree of the ‘white noise 1

, normally distributed with mean -1/(N-1) and 
random series, r„  is approximate y .

■ ii 1976) The significance of r, is tested by 
variance N - 2/(N-2)2 (Kendall, 19 W

comparing with the tested value (rl)t define

( a  ;  ( N - a “ /   ................. 0 0

. om aJ „ ri» K  correspononf »  « *  d“ te d
where t, is the standard n

significance S. r is normal with mean
Knhilitv distribution of r„

For large N, the proba e from zero if it falls

mr r is significantly dl
zero and variance 1/N- r i , (Ogallo, 1977).

. f rhe test value (r.)
outside the confidence limIts 0 ersistence if r, does not significantly

A series is « " * “  »  in ,his c .s .  is -ha. of ,he

differ from zero. A 'n n 11' W ° " ’“  a r o rhen r, is checked if .t

‘white noise'. If ri « * *

opproximales . 0  »  M ” " ' ”* * 1 „f ,hc The

This kind of analysis 1"®*’“  ^  ||K „  „pe P « * « " «  '■ * r'“

n°ise’ hypothesis is then
ersistence, rk< 1 * . . nUn continuum is that

^hile for a non-linear P , hypothesis
- the ‘white noise the average value of all

In the case of th where equal
, _ ;s every w the case of

r- . .c p  value is , spectrum-
of a straight line whos c0mputed P

the ’raw ’ spectral estim
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nn the laCT one correlation for the 
persistence the shape of the line depends on the iae

-r »hp ’white noise’ and ’red noise’ 
population. Details of the computation o

• a Tenkins and Watts (1968). 
spectral values can be obtained fro

M  4  C orrelation analysis
whether two or more variables are

CorTela.ion analysis « n » .» e s  ^  . .
f the degree of the association used

related. One of the simplest measures o
• (Awhich can be expressed as 

simple correlation coefficient (

X1 X2 " X1 X2
r  -

( 2 9 )

J v _  the independent and dependent
x x2 ^

Xvhere the bar represents mean. i

Variables respectively. close to zero indicates no
A value of r

r lies be,ween -1 a»d >'  ̂ posidve,„e8.»ve - “ * «

relationship between the ^ pair 0f variables.
rtively between

Positive/negative relationship respe ^  be teSted using F test.

, r omPute<̂
Significance of t e paIl0fsky (l968)’

C « a ils  of this test can be obai»=d from „ hethe, .here was any

in this s tu d , r - W *  0IO„e and -

s^ n if iCant relationship b e t^ ee

J Her section 3-1-
were discussed uno
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3.2.5 Cross-spectral analysis

Time lag/lead relationship between variables can never be detected

, • onH ,11 other analysis which were discussed in the using simple correlation and all otner y
-me most common method of studying the time lager 

previous sections. ine muM
nf cross-spectral analysis (Jenkins and Watts, 1968; 

relationship is by the use or

Harvey , 1975).
f cnectral analysis can be extended to 

In general, the theory of spectral
Th„s the autocorrelation function (rj which was

multivariate time series.
... f nrtion in equation (23) is replaced here by the

used in the spectral density u .
order to obtain the cross-spectral density

cross-correlation function (r*y)

function Fxy (>)• ^ t^e cross-spectral density

For bivariate time series [ J

function Fxy O) can be expressed a*y

K  (> )= 2 )_ T jK )e ^ k
,0<><0-5.........(3 0

__ l*y'
K = -*

where
i cross-correlatio11

r is the sampleA7

function between the two series [xj

and [yj at lag K.

Equation (30) may be divided

below:

F«y( \  )=P( A)-iQ( ......................

into real

.... (3D

and imaginary components as shown
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prp termed as the cospectrum and 
The real P(A) and the imaginary pan QW  are termed

,  . The phase angle X y( >  ) which can be
quadrature spectrum  respectively. P

expressed as:

i £ y(X)= tan -1
P (*  )

..(32)

The coherence function (H( )) *s &
by

[H( » J 2=
fx o )  M * '

.(33)

. of x and y at frequency . 
ctral estimates o

'here f,(X) and fyW  are the spec covariance and the
the in-pnase

determines
The co-spectrum 0 rovariance between [xj and

the 0ut-of'Phase c0
uadrature spectrum represents nction indicates the lag or lead

Xhe phase n
at a given frequency.

dationship between the two senes.  ̂ ^ r f  frequencies, between the

The degree of relationship. function
0f the coherent

vo series is obtained by uS ranges between -1 and

T(X)). Like simple correlatto .

d in the present study in order to

A„ “ ” P"  -  " * ‘eOr0lO8“  P“

Details ot
total ozone amounts. ^

are discussed m the
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CHAPTER FOUR 

r e s u l t s  AND DISCUSSION

In this chapter, the results obtained from the various analyses are 

discussed independently under separate sections. The analyses included 

homogeneity tests, trend, correlation, spectral and cross-spectral analyses.

41 RESULTS FR O M  HOM OGENEITY TEST

Figure (5) gives an example of the patterns of the observed residual 

mass curves. It can be observed from this figure that a linear regression line 

can be fitted to the cumulative residual curve. There are however significant 

deviations at some points. These could be associated with the estimated 

ozone values. An attempt was therefore made to break the curve into two 

linear functions (Sections AB and CD). The details of the two linear 

functions are shown in table (1). A statistical test was then performed to 

determine whether there was any statistical difference between the slopes and 

the intercepts of the two lines. The tests indicated that there was no 

statistical differences between intercepts and slopes of the two lines (table 

(1)). It Was therefore concluded that a single regression (line AD) table (I) 

could adequately be used to describe the pattern of the cumulative residuals, 

indicating that the data were a sample from the same statistical distribution

(homogeneous).
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• tpot of Residual mass curve. 
Observed values from homogeneity

S e  « » ' "  f S f c D ,  S '  AD»
_______ _ TTnQ/l

Length of the 
period

April - 19̂ 4 
to Aug- '987

----——' ” Q'VS

Seo. 170/
to May l989 

— 8?7<r

to May 

8^4^

Slope of 
regression line 12.87
deviation from 12.39

13.13

of
in.s test indicate —

. ^ the one sample rU assumed hypothesis of
The results from th ThuS the a

m w as about 0. • of z  was less than
given in equation observed v

rejected sine® the ^  ozone data samples,

im ogeneity’ was theref°r6

^  -  sa" pie ^  ,ha, ,K  —  

“  *  n „ c ^ -  * ~ z * - w  w o t  w tefore

. 11S analyseS
led in the van
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4.2 RESU LTS FR O M  TREND ANALYSIS
i a m-onhc of the ozone records during the 

The smoothed and unsmoothed graphs ot

,0 0 0  ^  shown in figure (6). No clear trend is 
period April 1984 to May 1989 are

- of ozone. Recurrences of large and low
evident from the temporal pattern

values are however evident. _ .
„_c for the various periods are

The values of the anthmenc avera differences
, test indicated no significant differences

given in table (2). Results from s This significance
. . , and the sub-penod averages.
between the whole period records

r • ificant trend in the ozone records.
further the non-ex istence  o f sign

Arithmetic

TABLEJ2

averages
from arithmetic mean test.
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K da„  tank — c —  * “  “  r“ “ dS * “  ab“ 'M ann-Kendall runt.
at 95% confidence

0.04. The value was not stgoiHcant ^  ^  methods that no significant 

It was therefore concluded from ^  ^  Nakobi observatory between

changes in ozone trend

April 1984' and Hay 1989. and 80 degrees North, Dobson

• 40 degrees Nort average of total
W ithin latitudes ^  ase in annual ave 8

have indicated a oes from 1-7 to
spectrophotometer data -phe g rease  »

u ,en 1969 and 19 • WMO, 198g).
atmosphenc ozone between a , _ 198l, Titus. 1986.

, al 1985. Kenise , Backaca,«rinS » l » - “ " '
3 « .  ( F « . -  *  sow - »  MS,

Jipc have I spectrometer u
Other trend studies fflapping system/ sP

tSBUV) and Total ozon comparison wit
spectrometer (SBU ^  n0 r m a ^ d hemisphere. The

■Thpsc *er tc in nort

d“ "  ,  .  0 9 B »» — ic p «S  —  » “  ”  dee” “
coincident ground a between 6 October 1985

j„ta  average October 1978
resulting total ozone 5 % frorn

e of ab°ul L
nonh indicated a decre fficient to determine

(Bhania e, al. 19851 WM° '  '9*8 ' an. h » " ' “  n° ‘ ”  he„  t* n f> * *  

Dobson * * * * * *  , op,cs. ^  “

lota] column ozone W *  ' future »'
. (WMO. 1988)' 16 to SWe a Details of the

outside antarctica ( Oosstbl d here. u

, v therefore « »  W P ^  of ^  . .c o r*

ozone over Nairobi fr and qua
, cha rac te^ llCS 

observed seasonal



are the su b jec ts  o f  the next discussion.

4.3 SEASONAL VARIATIONS

, /-hinrteristics of ozone amounts over Nairobi is The mean seasonal characteristics

-nrl minimum values are obtained during the 
shown in 'figure (7). Maximum and minim

u October and January to February respectively,
months of September to

. ■ .. evident from the patterns of the seasonal index
Similar characteristics a.e

given in figure (8). , ,
. .  th,  tropics have indicated the existence of

Similar studies outside the P
-ring ana minimum in autumn.

i m n n e  amount m
maximum total ozo . ^  Godson, I960, etc). Over the

(Kiilknrani e t  a l "  a • •vrvuiKurani, months of maximum and minimum
■ Himted the same

tropics, studies have m present study (Ghazi
fhe ones observed m

ozone amounts as u Id-Stewart, I980y.
iQon Newell and G0U

and B arne tt, lye "  . , been explained by many
ne characteristics

The seasonal ozo ^  the generai circulation
, seasonal cn

authors in terms of the Newell and Gould-Stewan, 1981,
Biswas, 19 nf.

parameters (Kulkuram,
on. vvMO, 198W'

Ghazi and B arne tt, 1980, ause height over Nairobi together

° f 6 aiven in figure W- Close neSativeThe seasonal pattern

vith seasonal ozone f l * * * ' * * *  ^  ozone amounts are quite

dre trop°Pause h °
tiationship between

evident.
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e nf tota] ozone and tropopause height can be 
The seasonal patterns of to

• -T'he lower stratosphere, termed as 
explained by the following constderatt •
„ . f ne is a column which effectively shields ozone present

t e reservoir o ozo , ^  1986). The tropopause is

,h e «  from p„„,ochem ic»l W *

termed as the boundatT between seasons together with
height during

the lowering o f  the tropopnus periods, implying less
■ ion is low during tnese v

the fact that u ltra -v io le t radtatto stratosphere.
es the ozone m tne

photodissociation of ozone, values during August to
a  with increased ozo

This could be associate hot seasons.

October. The converse is also true du

4 4  C Y C L I C A L  V A B I A T 1 ° N

4.4.1 R e s-IK  s’ ° m  “ rr" ° Snl whic6 „ «  “ nS
,  fhe correlogf3111 W can be observed

The patterns of the eriodic patterns
No Pure^  r , .:nlis0idal. This is

records is shown in figure are not pure y
.  since the 0 ^ ^ °  fluctuati0n in temporal
from the correlogram  surely Pen°

• „ nce of Pur6 y . „c , 0 observed were
indicative o f the non-exis . eriodic fluctuatl0n

The qliaS1' p
°zone characteristics.

ortral analyslS> 
e*amined using spectr
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ozone

4.4.2 Results from  spectral analysis

Exam ples o f the spectral estimates which were obtained when the 

records were subjected to spectral analysis is shown in figure (11). 

95% white noise spectrum is also indicated in the figure.

E is evident from the figure that six quasi-periods were present in the 

tuilP°raI ozone fluctuations. These fluctuations were centred around 21 to 25 

0nths, 45 m onths, 6 months, 16 months and 40 months.

The 95% white noise spectrum indicates that the most dominant peak 

Was one centred around 21 - 25 months. The 45 months peak was also 

"tistically significant.

n r  . , • 1 .volifv of the observed cycles require anO f necessity, the physical reality

examn a tio n . This has been done
here by relating the observed fluctuations 

recces in the atmosphere. The
°2°ne amounts to some physical pr 

f, . q aeneral expression of certain
fluct“ations o f total ozone in a way «  a general

in

of the atmosphere since ozone can
Characteristics in the general circulation
l hpric motions ( Reiter, 1978 ).
be considered as a tracer of the atmosph

incation is largely depended on the
hus variations in the total ozone at any

circulation systems.

reality of the cycles
tizated tne —

Several authors have mves ^  ozone cycles may be

obser, , in view of the
rveo from ozone records, -phe processes which

S[ . physical reaii y-
"S'ically significant but have n fluCtuations include the general

l9Ve been used to explain the ozone fluCtU

Stnicture of the large scale atmospheric
nvated the physicalinvestigates
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.nduced activities
circulation systems and man , ^  patterns ties

et al .,1977* Hansebe, 1980).
. „ „ ouasi-Biennial Oscillation (QBO)

been centred within the winds change from
where stratospheric wn

The QBO is a phenoniui ^  ^  ^  months. It is concentrated

easterlies 'to westerlies with a P stem descends slowly, the
,uP tropics*

w ithin a ltitu d es  20  to 35Kn> to by ,be opposite stgn.
enlaced rroi*1

wind direction successively beinS  ̂ of the stratosphenc advection

This would significantly affeci " *  ^  01nM»  and ! » * » • l9!21'

(A ngell and . K o,sho.ee. 19731 * * *  * '  ‘  ^  wbic  was observed in d »

„  10 25 months P Results from the
The dominant J  q BO effec •

, . associated wi itive relationship
study (ft sure ( 1 0  niay . , showed a close

-tratosphenc winds This implies that the
correlations with the s (table

w e l  zonm w amounts, aim
between ozone and upper with b1®*1 ° tbe

.  ,be winds c o i n e d  ^  elsewtiese » - «
easterly phase of me ^  wjth ° th

This agreeS . .
converse is true. conclusively

iqoa . W M O , cylcle may
tropics (H aseb e , 19»u ’ ,  m 0nths ’ However, a

nf the 43 used here.
The physical reality ^  ^  recor ^  high g u id e s

A? mo^m record6^
documented from t e bas been

. oZone 11
four year oscillation of t°‘ be connecte ■

. oScillatlon
(Hasebe, 1980). ^  6 m°nt $ in the stratosphenc

olitV ^ o obSerV
The physical ^'he physical re 11 haVe been
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winds of the tropics (Craig, 1965; Wilcox, et a/., 1977).

The 16 and 40 months oscillations are however not common in the 

tropical weather systems. Their physical reality may be difficult to be 

determined from this study.

4.5 LINEAR CORRELATION

The correlation coefficients between ozone amounts and total solar 

radiation, rainfall, Tropopause height and cloud amounts over Nairobi are 

given in table (3). The vertical profiles of the correlation values are 

however given in table (4) and figures (12) and (13).

TABLE 3

Correlation coefficients of Meteorological Parameters with 
total ozone

| Parameter 
1 
1

Linear correlation 1 
coefficient (r) 1

1---- ------------------------- --------
| Rainfall -0.269 1
| Cloudiness -0.102 1
| Total solar radiation -0.125 1
1 Tropopause height 
1

-0.782 1 
1

Table (3) indicates that the only significant relationship was obtained 

with the tropopause height. The table indicates that the correlation between
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ozone amounts and tropopause height was negative indicating 

increasing/decreasing ozone values with decreasing/increasing tropopause 

height. This was clearly evident from the seasonal graphs of the total ozone

and tropopause height as shown in figure (9).

The negative correlation can be explained in terms of the general 

circulation processes as highlighted in the previous section. These processes 

include advective and convective activities together with the relative thickness 

of the troposphere over the tropics.

Table (4) indicates a significant correlation between ozone and 

temperature at low levels (surface and 700mb) and lower stratosphere 

(50mb).

At lower stratosphere, temperature plays a major role in ozone 

production by sustaining the photochemical dissociation of oxygen. 

Basically, the dependence of chemical reaction rates upon temperature is the 

primary cause of the ozone sensitivity to temperature, and hence the observed 

positive correlation coefficient

The temperature at low levels is negatively correlated with above. 

This may be explained by the fact that high low level temperatures, which 

generally prevail during hot seasons, coincide with low total ozone amounts 

as explained in section (4.3) above, the concerse is also true.

A negative correlation between relative humidity of low levels and 

ozone is evident from table (4). No clear physical significance of the
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correlation may be obtained -from the present study due to the following 

consideration. High relative humidity generally coincides with cold seasons. 

The cold seasons have however been shown to coincide with high ozone 

amounts (section 4.3 above). From this argument therefore, a positive 

correlation between ozone and low level relative humidity may be expected.

Table (4) indicates that total ozone was positively/negatively correlated 

with the zonal winds at the upper/lower levels respectively. The magnitudes 

o f the correlations were noted to be generally small. Table (4) however 

indicates that the values at 70mb, 200mb, 300mb, and 700mb levels were 

statistically significant. The positive significant correlation values may be 

connected to the quasi-biennial oscillation.

TABLE 4

Vertical profile of correlation coefficients of ozone with some 
meteorological elements.

IPressure Level 
1 in mb

Temperature Zonal Wind Relative Humid 
r r r

1 Surface 1 -0.517 1 +0.127 1 -0.408* 1
1 700 1 -0.43* 1 -0.32* 1 -0.013 1
1 500 -0.288 1 -0.230 1 -0.323* 1
1 300 1 -0.119 1 -0.40* 1 -0.292 |
1 200 1 +0.017 1 -0.299 i i
1 150 1 -0.178 1 -0.107 i i
1 100 +0.048 1 +0.163 i i

70 +0.194 1 +0.38* i i
1 50 +0.60* 1 +0.034 i i

30
______________ -

+0.24 1 i i

♦Correlation coefficients which are significant at 95% confidence level.
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and other atmospheric mixing processes which were discussed in section 

(4.4).

The negative correlation between ozone and lower level zonal wind 

may signify the effects of advection. Stronger zonal winds would increase 

the advective terms which may in turn lower the degree of the vertical 

mixing processes.

4.6 CROSS-SPECTRAL ANALYSIS

Results from cross-spectral analysis are summarised in tables (5), (6), 

(7) and (8). It can be observed from these tables that the values o f the 

coherence were not significant at many levels, signifying low phase 

relationship between the ozone amounts and the meteorological parameters at 

various levels. The observed significant coherence were randomly distributed 

to give any conclusive results.

Significant phase relationships have however been observed by many 

authors using daily records (Barnett et a l., 1975

Barth et a l., 1983., WMO, 1986.
The

low phase relationship values which were observed here could therefore be 

attributed to the fact that only monthly ozone records were used in this 

study.
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1 Atmospheric Period (months) 1
1 Level (mb) 
1

12 6 3 2 1 1

1 Surface H -0.136 -0.003 -0.053 0.039 -0.007 1
1 0 -0.173 +0.607-1.512 1.268 1.078 J

700 H -0.253 0.005 0.014 -0.042 0.004 I
0 -0.366 0.574 -1.480 1.348 1.117 1

500 H 0.012 0.073 0.264 -0.807 0.456 1
0 -0.139 0.586 1.040 1.250 1.388 1

300 H 0.073 0.023 0.109 -0.328 0.329 I
0 -0.214 0.629 1.066 1.275 1.386 1

200 H - 0.000 0.000 - 0.000 - 0.000 -0.000 I
0 0.861 0.217 -0.511 1.212 0.247 '

i

150 H -0.239 0.017 0.113 0.144 0.169 |
0 -0.076 0.653 0.997 1.298 1.437 I

i
100 H 0.002 0.001 0.000 0.064 0.014 |

e -1.503 0.637 -0.001 -0.956 -0.053 i
i

70 H 0.084 0.002 0.004 -0.004 0.012 I
0 -0.305 -0.025 -0.631 +0.437 -0.026 1 

1
50 H -0.282 0.001 -0.009 0.041 •■0.133 1

0 -0.053 -1.503 0.637 -0.001 1.571 l
l

30 H 0.439 0.002 0.018 -0.070 0.177 1
6 -0.095 0.728 0.9941.286 1.483 i

l

Table 5;
Coherence (H) and phase (0) functions of total 
temperature at) various levels. ozone with respect to
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I Atmospheric Period (months) I
I Level (mb) 12 6 3 2 I I

I Surface H 0.309 0.003 0.037 -0.087 0.121 I
0 -0.257 1.199 1.302 0.126 -0.153 1

1 700 H 0.193 0.002 0.012 -0.040 0.029 1
e -0.189 0.636 1.099 1.267 1.398 1

1 500 H 0.224 0.002 0.014 -0.046 0.0341
0 -0.019 0.627 1.095 1.268 1.395 I

1 300 H +0.002 0.000 -0.000 -0.001 0.001 1
0 -0.220 0.420 0.751 1.209 +1.131 1

1 200 H -0.014 0.000 -0.000 0.000 -0.000 1
0 -0.574 0.791 1.237 1.328 -1.370 1

1 150 H -0.004 -0.000 -0.000 0.001 -0.000 1
0 -0.251 0.621 1.144 1.262 1.471 1

1 100 H -0.000 0.000 -0.000 0.000 +0.0001
0 -1.441 -1.513 0.599 1.266 -1.222 1

1 70 H -0.007 -0.000 -0.001 0.001 0.0001
0 -0.159 0.642 1.093 1.422 1.432 1

1 50 H 0.001 -0.000 0.002 -0.000 -0.000 1
0 -1.222 -1.095 -1.059 0.693 0.7461

Table 6;
Coherence (H) and phase (0) functions of total 
wind at various atmospheric heights. ozone versus zonal
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Atmospheric Period (months) 1
Level (mb) 12 6 3 2 1 1

Surface H -0.035 -0.009 - 0.001 0.002 -0.002 1
0 -0.081 0.603 1.187 1.244 1.343 1

700 H -0.003 0.000 - 0.000 0.000 - 0.001
e -0.088 0.893 1.054 1.240 1.370 J

500 H 0.013 0.000 0.006 -0.001 0.005 1
0 -0.052 0.674 1.021 1.310 -0.509 1

300 H 0.004 0.000 0.000 -0.000 0.003 1
0 - 0.011 0.514 0.876 1.271 -1.502 1

Table 7:
Coherence (H) and phase (0) functions of total ozone, versus relative 
humidity at various atmospheric levels.

1 Weather Period (months) 1
1 Parameter 12 6 3 2 1 I

IRainfall H -0.008 -0.001 -0.000 -0.000 0.021 1
0 -0.088 0.052 -0.006 0.123 -0.385 1

•Cloudiness H 0.006 -0.007 0.005 -0.013 6.003 1
0 -0.001 0.622 0.574 -1.235 1.244 1

•Total solar H -0.007 0.001 0.000 +0.003 0.122 •
1 radiation e -0.236 0.025 0.436 -1.230 1.233 1

ITropopause H -0.024 0.037 -0.121 0.000 0.024 1
I height 0  -0.134 0.013 0.348 1.469 +0.4561

Table 8:
Coherence (H) and phase (0) functions of ozone versus various 
meteorological elements.
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CHAPTER 5

CON CLU SION AND RECOMMENDATIONS

This chapter highlights some of the conclusions which may be derived 

from the study. Future methods which may be used to improve the work are

also  suggested.

5.1 CONCLUSION

It was evident from the study that the method which is used to 

estimate the few missing ozone records was quite appropriate since all the 

data were declared homogeneous.

Graphical methods of trend analysis showed a generally oscillatory 

characteristic of the ozone time series without significant trend. Same results 

were evident from parametric and non-parametric statistical tests.

Investigations o f characteristics o f ozone data indicated minimum  

values around January and February with the corresponding maxima during

September and October.

The patterns of the computed correlations between ozone and the 

weather parameters indicated

i) significant negative correlation with Tropopause height.

ii) positive/negative correlations with the upper/lower level zonal 

winds and temperature.

iii) negative correlation with atmospheric humidity
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iv) Low phase relationships between total ozone and the 

meteorological parameters.

Although the observed correlations could be explained in terms o f  the 

atmospheric motions, some o f  the observed correlation values were too low.

Results from spectral analysis identified quasi-periodic fluctuations 

from the temporal fluctuations o f  ozone over Nairobi. These fluctuations

were centred around 6, 16, 21 - 25, 40, and 45 months. The 6 and 21 - 25 

months cycles could be explained in terms o f the QBO and other general 

circulation systems which include the atmospheric mixing processes. The 

physical reality o f  the fluctuations which are centred around 16, 40 and 45 

months could however not be identified from the study.

5.2 RECO M M ENDATIO NS

There were various shortcomings experienced in the study. The major 

ones include:

i) short period o f  ozone data records, i.e five years o f data;

ii) only monthly ozone data was available for four out o f five 

years o f records. One year had hourly ozone records;

iii) lack o f  vertical ozone profile data, and

iv) only one ozone observatory was available for the entire East 

African region.
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To

following

i)

ii)

iii)

iv)

v)

overcome these shortcomings and thus improve this work, the

suggestions may be advanced.

There is need of obtaining ozone’s vertical distribution over 

Chiromo station. With the help of such data inter-diumal, 

seasonal, cyclical, random and trend components together with 

mixing processes of the ozone can be understood more deeply. 

No realistic phase relationships were obtained from the study 

although many others have obtained significant values with 

daily records. Future examination of phase relationship should

therefore use hourly or daily records.

Examination of the physical reality of the observed quasi- 

periodic fluctuations need further investigation. This would 

require monitoring of the QBO phases and other general 

circulation processes which may affect ozone concentrations. 

Ozone precursors (such as No,, S20  and Hydrocabons) over 

Nairobi need to be investigated in order to obtain a correlation 

factor for the total zone amount

Surface ozone distribution studies over East Africa need to be 

studied so as to help in knowing the surface ozone’s 

characteristics especially those which may be anthropogenic.
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vi) Setting up of other total ozone observatories is a necessity in 

the East African region so that the spatial distribution of the 

gas over the region can be documented.

vii) Modelling of the ozone time series using estimated components 

can assist in:

a) describing the behaviour of the observed time series,

b) attempting to predict the future of the time series, 

putting into consideration the increasing trend of ozone 

depleting chemicals, and

c) determining the impacts of ozone on climate, flora and 

fauna.
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