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ABSTRACT

Variations in the average daily windspeed, temperature and
atmospheric pressure records in lkeja and Kaduna were inverstiqated
using time series analytical technique. Results of the harmonic
analysis for windspeed showed that the periodic variations
accounted for 40% of the total variance while the first, second
and third harmonics were found significant. As for the tempera-
ture and atmospheric pressure records, the first and second
harmonics were found significant accounting for 70% and 90% of
the residual variance respectively. Further stochastic analysis
on the windspeed residuals showed that the purely random
components accounted for 7P of the remaining residuals while
the corresponding values for temperature and atmospheric

pressure were 5% and 20%.

The good agreement between the observed and predicted
values of the elements showed that the predictive models can bo
useful in forecasting pollutant concentrations within an

industrial area if incorporated into the Gaussian Flume model.
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CHAPTER ONE

1.0 INTRODUCTTION
1.1 BACKGRCUND

The management of air quality is an interdisciplinary
field which requires the collaboration of meteorclogists, chorist
engineers, health officials, ecologists, land-use planners,
sociologists and economists (Munn 1976; Szepesi 1987). The
problem could therefore be managed at either the local, regional,

continental or global level with the objectives of each differina.

At the local level, the objectives will be limited to the protecti i

of human health using emission standards while reaional scale may
consider problems of land use.

The emission of gaseous wastes by some ranufacturinc
industries into the atmosphere has been assuming a staggering
proportion in recent times in Nigeria (Aquiyi, 1988). As an
emerging problem, close study and monitoring of its trend is of
utmost importance. One way of doing this is by modelling the
pollutant transport in the atmosphere which is achieved hv a
combined action of molecular diffusion and turbulent nixina.

Of the several models currently available for the pre-

diction of air pollutant concentration in ambient air, the Gaussi

plume model is the most widely used (Ermak 1977, Szepesi 1987). 7T'=

widespread use is due to the availability of dispersion data and
ease of application. The mocdel, which is a simplified solution

the lagrangian description of the atmospheric transport, deserits
the pollutant concentraticn at any point downward of a source as

function of the windspeed, dispersion coefficients, source emissi -



strength and effective stack height. The effective stack height
itself is the sum of the stack height and the plume rise. The plure
rise can be determined by a number of equaticns as proposed by
different researchers (e.g. Holland (1953); roses (196H); “wioa (7 71)3
Lalas and ¥Karas (1977).

Holland (1953) showed by enerqgy balance of the emitting
pollutants and the environment that the plume rise depenis on th
windspeed, exit velocity, stack gas temperature, atmospheric
pressure and the ambient terperature. However, Moses (19674]
proposed a simple equation in terms of the windspeed and 5
coefficient which depends on stack parameter. Furthermore, lalas
and Karas in their discussion on the maximum ground level concent:
tion presented by Ragland (1976) expressed the rise in ter: s of
windspeed, down wind distance and a coefficient in a powrr 1aw
form in which the indices depend on atmospheric stability.

In addition, the dispersion coefficients are also directly
dependent on the windspeed and the downwind distance. The
dependence of plume rise, and the dispersion coefficients on the
windspeed underscore the importance of windspeed ata on ti
accurancy of Gaussian plume model,

Szepesi (1987) pointed ocut that inaccuracies in rodel
values could be attributed to uncertainties in,meteorclogical
input data, emission inventories and from the monitoring network
set up for model confirmation. Of the three uncertainties, the
meteorological input data seemed to be the gravest, for when oths
uncertainties are taken care of, Gaussian plume model has an
accuracy of about 70% in stable atrosgpheric condition and may ©

error by a factor of two in very unstable conditions. This cond] n



calls for review of the parameters on which the modcel deponisg
of which windspeed data is most prominent (Dobbins, 1979).

Cne of the technimues for extracting the most information
from some data series is by time series analysis which was
recognised as important task in air pollution metororology (szepes
1987). The technique is useful wh=n it is necossiry te foreast go
of the paramcters thzi can cenill 1t Foarcast of pollutan
tion «k ¢ f1w o ik, ., compact form of the meteoroloqgical inpu

data can hence be obtained by this method.

1.2 CRINCTIVES OF THC STUDY

rhe need to obhtain a compact model describing the daily
windspeed, temperature and atmospheric pressure datas is paranvcunt.
This will not only remove the uncertainties in the meteorological
input data, it will also enable the forcast of the most likely
pollutant levels in the enviromment. Toward this goal, this
research is designed with the following objectives:

(a) To investigate the nature of the daily variations
in windspeed, temperature and atmospheric pres-ure in
an area.

(b) To investigate the nature of the non-sc~asonal rosidual
with a view to developing a model explaining thoir
variations.

(c) To develop models for predicting the Adaily average for

windspeed, temperature and atmospheric pressure.



1.3 SCOPE CF THE STUDY

The analysis is limited to those of averaage daily recoris
of windspeed, temperature and atmospheric pressure in Ikeia and

Kaduna between 1970 and 1988.



CHAPTER

240 LITERATURE REVIEW

241 PREAMEBLE

There are two approaches to the description of the
behaviour of pollutants in the atmosphere: Euler and Lagrange.
In the Eulerian approach, the positions of the pollutants are
described with respect to fixed co-ordinate system while the
moving fluid is the basis of the Lagrangian approach. Each has
its inherent difficulties which make exact sclution of the
pollqtar}t concentration inpossible (Seinfeld 1975). Wwnile the

Eulevian
RAiler i;n;lethod is mathematical in nature, the lagrangian
technique looks at the pollutants in terms of the probabilit,

of finding a specie at a particular position vector At anv nc..

in time.

242 EULERIAN APPROACH

In describing the pollutant behaviour in a turbulent
fluid, a fixed co-ordinate system is designated with respect tc
the source and with the x-axis parallel to the wind directior.,
y-axis horizontal and normal to wind direction and the z-axis
vertical and normal to wind directicne. The general advection-

diffusion equation governing atmospheric dispersion is of th.
form: (Zeinfeld, 1975).

Ac . Wdc  Voc W

ot %t & Y 3¢

¥ K. d) d[r 3\ > [k >

'&'( XB;}"&;(YE)-rE ze')+RI" e iee
where c(x,y,z) is the pollutant concentrate at point X,y,z w.t
respect to the point source, G,Vyw, the average wind speed,

kx’ Ky’ Kz eddy diffusivities, RI, tne reacting pollutant ter:
5

e



and 5I, sinke The SULSCIITTY, X,y,2 refer tO x, y, 2 dirccrions
respectively. (Seinfeld 1975)e Runca anci onenci oo lpy s i
the advection terms in y, and z direction because they are small
cohpered to that in the x-direction,obtazned the equation;:
- ac

%-&-u‘g’% = %(Ky%?-rs—z-(}(zgz—) (2}
Equation (2) does not include the effect of gravitational settlin
and deposition on tne down—wind concentration of pollﬁféntx. ™
effects were first incorporated by Calder (1961) when he tack i
gravitational settling flux and the grounc deposition flux to be
proportional to the local air concentration, These effect wcule

change atmospheric diffusion equation to:

dc¢  ude 3K ac _EK'b_c'_rw d¢ N
& HY) B\ CE (3
where h‘z is the particulate Settling velocity.
Under steady state conditior, and sufficicntly large windspeod,
-,coupled with the fact that Ky’ Kz are functions of the downwi nid

distanre, equation (3) reduces to a manageable form:

u 3¢ K ¥ x X d¢ '
&- = Y '-—-2 + Z —-—-—2 + 2z -b-g (4
Oy z :

This was the basis of the analytic solution proferred by Ermak

b )

(1977).; Although Rounds (1558), smith (1962) and Keines ape
Peters (1974) as reported in Ermak (1977) and Seinfeld {1975}
have obtained analytic solutions to this atmospheric transpory
equations for a mmbar 0f Cuscs, tie solutions have no+ Deeier

extensively used, Tnis ig cue to their conplicated nature ar-

the difficulty in applying them under a variety of atmospher:

Stability conditionse Othar tesearchers such as Sulton (19-

~
R

Smith (19%7), Pasquil! (1974, huve 10uns exact seluticns to

equstion (4) for epma oty conditierne anT difiarery .
6



for u, Ky’ Kz as functions of the independent variables, X,Yy,Ze.
The complex nature of the equations ' 1 &lso to the
use of numerical methods of which there have been many propo-
sitions (e.g. Randerson, (1970) Skarew(1970 ' shir (1972 Egan and
Mahonney (1972 ) Shir and Sheih (1973), All these techniques have

their limitations and cannot be applied in areas different frow

where they have been developed (Szepezi 1987).

2e3 LAGRANGIAN AFPPRCACH

This approach is concermed with the behaviour of fluid
particle with the mathematical equation governing the motion
based on the probability of finding & fluid particle at location
XyY92y @t time t. A general expression for the concentration
c(x,¥y2,t) which takes account of the initial particle distribu-
tion and the spatial - temporal distribution of particles sources

S(xyyy2,t) was given by Seinfeld (1975) and Dobbins (1979) as:

]
i - 5 = wpd e
¢ Cxyyy2,t) = jj[Q(X,tho,to) C(Xoto)'d.'-(-;_, _
et (5)
L] L]
+ Uj} Q(Xyt/X 4t )S(X,t)
. % t&
The first term of equation (5) remresents the parzicles present

at time to while the second accounts for particles added frou

'
Sources between t and t. The evaluation of the equation alsc

depends on the correct evaluation of the transition probability

distribution function Qe Equation (5) becomes more complex 1 f

a reaction term is added. However, its solution has been ODlalna



after some simplifications and assumptions. One of such

is the Gaussian plume model vhich Seinfeld (1975) showed, was a
special sclution of the agrangian description of pollutant
transport when the emission of the point source is considered

as puffs with ‘Ynfinitesimal emission time lapse.

2e3e1 GAUSSIAN PLUME MODEL

This is the most widely used model for stack design and
environmental impact analysise It has achieved widespread use
for computation of the spatial distribution of pollutant concentra-
tion for a point source beceuse it is easy to use, plume disper-
sion data are available and that most measured data fit reasonanly
well into the model, (Nhaley 1974, Shun et al. 19755 Szepezi,
1987; Ermak 1977)s The model is based on the following assumption

(Mahoney 19743 Dobbins 1979);

(a) Constant wind speed and direction in the vicinity

; ofhthe point source, However Herman (1579) has
incorporated the windshear to increase accuracye

(b) Effluent centre remains constant downstream after
equilibrium plume height is reached,

(c) The maximum concentration at any downwind distance
occuré at the centre line.

(d) The concentration profiles are average over some
timeytypically one hour,

(e) None of the effluent is lost implying that there
is reflectior of material into the atmosphere,

(£) Tne emission rate is constant and the pollutants
are chemically inert.

8



The inability of this model to account for unsteady emission rate,
varying meteorological conditions and uncertainties in plume
trajectories notwithstanding, it is still one of the best models
for environmental impact assessment,

For a point source discharging at an effective emission
height H(m), under a constant windspeed u(m/s), and a source
strength (g/mBS), the concentration at point (x,y,z) downstream

of the source is given @s:

2 o (2 ¢ .
Clx,¥,2) = E £5p -2 "12 o ?z—
271 yéz u Gy
( sz (6)
exp
A

where Gy' 6, are the dispersion coefficients along the y and z -
direction respectively while the x-axis is oriented along the
direction of the winds The ground level concentration, (z =« o)

can be obtained from the equation:

/ - >

_C(X'Y| U'HJ = G{ exp - !d - H (7>
ITuoo 2 62
Y z 2 6y 26,

Eauation 7 1is important in assessing the health risk of pollutants
in an industrial district in high risk areas such as schools,

hospitals, markets etce

The dispersion coefficients, determined from the travel
time, are functions of the windspeed and the state of the incoming
or outgoing radiation anc have been determined far different
atmospheric stability classes, Although Gifforg (1961) provided
Separate graphs for the dispersicn cocti icient for different
classes as a function o: '.i(.)'\-'I".\'\'.'..Il(Jl distance, they are now expressec

in powver law forms as:



= ax
Jz % (8)
6’ = cCX ’
Y

where a,b,c,d are constant which depend on stability class

The effective stack height H is the sum of the actual
stack height and the plume rise which arise from the buoyancy
of the hot gases released into the atmospheres The plume rise,

Ah, is given by (Dobbin 1979) as:

ah = VA (5 407 T =T, )
a Py (9)
T
s
*p 2/3
P
- 2
where Lp = g('.'t'S - T‘i) wsbs (11)
3
T‘l u

and xp is the centre line distance from the stack mouth.
Cther researchers have expressed the plume rise in terms
of the r'indspeed and a coefficient (Moses 1968):

B
ah = = (12)

where B is a coefficient that depends on effluent gas velccity,
temperatgre, stack diameter ard other parameters. Lalas and
Karas (1§TTJ postulated that the plume is of the form:

A = pu X (13)
where B depends on stack parameter, n and m are coefficients
that take different values depending on stability prediction o:
windspeed concentration in the atmospherec

Where the windspeed u, is required at position different
from the reference point, 209 the power law form of wind velocit,

is used:

10



k (14)
u = U ( z/zo)

u, is the reference windspeed,

k is a coefficients that depends on stability class

and given by Klug (196%)e Herman (1979) gave the average
windspeed at a level Hy including the effect of wind-

shear as;

- K
w o= n (ﬁ-\ (15)
<

K+

Py
o

This gives the final form of the plume rise as:

k]n
sl p&o (hs/z‘)] ' (16)

The effective stack height becomes:

h ki n
H - hs + B u, K s/zo £ (17)

The dependence of the effective stack height , on Liw Wi,
underscor: « the importance of windspeed in the

Gaussian plume models

20342 OTHER MODELS

Ground deposition of pollutants is accounted for in
Gaussian plume model by creating an image in which all materials
falling 6ﬁ ground is reflected back into space. This condition
often leads to overestimation of the ambient air concentration
further from the point source and underestimation near the source.
This defect is acoounted for in the source depletion model
proposed by Chamberlain (1960, which has received widespreac use
(Hosker 1973, Martin et &ls 1574, Heffler and Ferber 1975) and

is considered by Pasquil (1974) as & pertubation of the Gaussian

[
(=Y



plume models. Ground depogition is accounted for by virtual
decrease of the source strength downwind of the point source
with the shape of the vertical plume profile assumed to be
maintained.

Horst (1977) reported that better pollutant concentration
can be obtained by selectively depleting the Gaussian plume in
the vicinity of the deposition surface rather than throughout the
vertical extent of the plume as done in the socurce depletion
models This is the so—-called surface depletion model which is
an aberration of the Gaussian plume model., The model was founa
to uncover the anomaly inherent in air poliiutant concentration

predicted by the source depletion model.

204 MODEL LIMITATIONS

Mahonney (1974) identified some conditions which must be
satisfied by a model before it can be useful for urban planning
studies and environmental impact analysis. Apart from being

H
able to deal with completely arbitrary distribution of sources
and emission rates variable in space and time, it must allow for
temporal variations for wind and temperature structures The
need to;iredict the ground Jovel concentrations for inert and
chemically reacting pocllutants must alsc be mets To be sure
therefore, not one model meets all these requirements,

The analytic solutions of the atmospheric advection
diffusion equations have not yielded very practical prediction
of the pollutant concentrations Furthermore attempts made to
solve the problem usinc the numerical method by finite difference

have not yielded a generally acceptable numerical model. There

12



are as many models as there are researchers (Randerson 19703
skarew (1970) Shir$1972)5kglanﬁ and Dennis 157%) ; Egan and
Mahonney (1972)s Each of the numeric model so developed may not
be applicable in other areas (Szepesi 1987).

One model with widespread acceptance in impact analysis
is the Gaussian plume model; though it still has a drawback of
not incorporating the rcacting component. In addition, most
of its parameters such @s the atmospheric stability class,
dispersion coefficlents and the plume rise are dependent on
windspeed, temperature ani pressures. becsuse the model is
based on constant windspeed and direction, it cannot be
presently .urecast the likely pollutant concentrations at a
future date. It is for thiis reason therefore that a time series
analysis was carried out on the wind data, temperature and
atmospheric pressure tc see if it is possible to predict these

parameters that are so important in this widely used model.

13



THEORY OF STUDY

2.5

2.5.1 NATURE OF TIME SERIES

Time series anzlysis is a powerful statistical tool for
the analysis of time dependent records which can be decomposed
into three major componentss trend, period and stochastice. The
trend and periodic components are said to be deterministic anc
can be determined for predictive purposess On the other hand,
the stochastic components consists of chance and chance-relatec
effects which cannot be accounted fore One important characte-
ristic that time series must possess is stationaritye They car
alsc be ergodic or non—erqgodice

Time series can bc decomposed into & model of the sort

Xt = Tt+Pt+Et (18)
where Tt' Pt are the trend and the pericdic component respectively,
The stochastic component, Et' can be divided into a sequentially
dependent part and the completely random parte Other natural

Al

process may be more accurately fitted with a multiplicative
model of the sort:

X, = TtPtEt (19)
Equation (19) can be lincarised by taking logarithmse However
most natural phenomena ' can b sccuwrstely described by - linee:

models (Yevjevich 1972).

14



2.542 TREND ANALYSIS

Trend is the steady and regular movement in time series
in which the values are either increasing or decreasing.
Polynominal, lincar and exponential fittings can be made

for trend analysis in a series, The fittings are of the forms:
(Kottecoda, 1980).

2 _ n
Xt = J(O + ‘xjt + “\2 t + """u‘nt + F‘t + Et
(polynominal) (20a)
e 20b
xt xo+0(1t+Pt+ Et ( )
(linear)

xt = xo ex'p(D(,lt + c>~.21:2 + ....qntn) + Pt +Et
(exponential) (20c)
where xt is the datum at position t in the sequence and Xo'c{i’
o<2,0(§ ......ocn are regression coefficients.

The regression coefficients can be determined by
regression analysis using least square method of which an
algorithm was presented by Kencall (1976). However, the problen
of pred%ction and estimation of the coefficients make the use
of filtering methods more cortron, Common filtering methods are
moving averaging and variate differencing with the moving
average being most acceptable (Dawdy and Matalas 1964),

As an undesirable effect, trend removal can induce
artificial cycles in thc datae There is therefore the need for
care when describing the oscillstory craracter of time series
in which trend is removed v moving averace (Dawdy and Matalas

1964)e Kottegoda (1980) opined that trend analysis should only

be carried out on lena recordé of anrnual dztae

[ )
i



Z2e9e3 | HARMANIC AMALYSIS

The periodic component is imposed on the series by cyclic
phenomenon such as tne earth revolution 1n an elliptical orbit
around the sune The earth rotation alsco imparts periodic
characteristic of a diurnal nature. In addition, the revclutior
of the moon around the earth results in lunar cycle,

The periodic components are represented by a system of
sine functions on estimation and removal of the trend. For &
trend=-free set '.xt t = 1y 25 3 seeeses N Oof a variable
collected at the same timc interval, the periodic component

is of the form:

L
> 1 z .(2IIit >\) 5
t = p+ _Ciss.n T N i+£t
(=y @ i &
where
u = population mean, E(xt}
o = frequency of harmonic i
e
\
_T = wavelength of harmonic i
i

Ci = amplitude, and >E. phése ancle of the ith
harmonic, while T is the fun 7ental periccde The maximum value

of L in equation 21 is:

N/2 N, even
L = (22)
(N=1)/2 N odd

Equation 21 can also be written as:

16



L 1
<~

i , Iit
N AL sin a1t ZB sin 2L +Et

¥ = B~ T 5 T
t é_l i -
Kottegoda (1980) showed that the values of Ay B; can be
determined by method of least square and are given by:
ZL 2ITit L -1
2 . T . - L-
Ai = 'ﬁ Xt 51n T H i 1'2,-.02 (243
4=1
and
L
2 S . 2ITit . L-1 ,
Bi = 'ﬁ Xt 08 T H i-= 1'2' > (25)
t=1
L

.
S
[1%]
3
[l (X
]
rf-
T
Y
r‘p

(2¢)

The actual harmenics to be fitted can be found by analysis of

variances The variance of the ith harmonic
T

.

IS YR

Fige 1: Harmonic deccomposition of time series.

is Ci2/2 s where

2 2 2
Cq = Ay +B (27)

Significant harmonics can Ix determined by Fisher test (1940)

which was presented in Yevievich (1972},

17



245.361 TESTING THE SIGNIFICANCE OF HARMONICS

The significance of the ith harmonic is tested in terins
of the variance C12/2- Once the variance is found significant,

its phase angle is estimated from the computed values of Ai' bi'

Of the variocus tests available, Fisher's test is most

acceptable which is based on the ratio

2 2
9, = cmx/z S, (28)

The ratio tests the significance of harmonic with szax the

largest value of the sequence of C é values and sz, the estimete

J

of the variance of tne datae The probability that the 9, value:
would exceed the critical is given by: (Yevijevich, 1972).

P, = L(1=7 " =L (12972
2
-_ (29)
e (=15 1 (1-kg)?
’T (L)

k is the greatest integer less than L.

]

1
The first term gives a sufficient approximation of the g-critical,.

Table 1 gives the values at P

£ of 0,05 and 0,01.

18



Table 1: Number of harmonics and Fisher's g-values for time

intervals of discrete seriess

interval % o Pe0.0S c;iticgfm
1 day 365 182 0004429 0.05275
2 days 182 91 0,08002 0.,09632
7 days 52 26 0.22131 026986
14 days 26 13 037085 044982
1 month 12 6 06616715 Ue72179
2 months 6 3 0.87090 0.94226
3 months 4 2 097560 Ue9950

Source Yevjevich (1972),

v
If two or more harmonics are significant, the C - values are

arranged in a descending order of magnitude and each testecd for

significance using this equetion, (Yrvievich, 1977).
. 2
=gi = Ci
b (29)
2 pi
25 - ‘E,Z -
=)

where each Cj2 values in the sum is greater than Ciz' Tnis
approachﬁmay however be biesed since part of the variance
corresponding to the randon variable ic aeducted, 1n addition,
all harmonics that per chance have the sgusres of amplitude at
the_}ails of their distribution are automatically accepted as
significant, A second approach put forward by Fishers (1940)
investigates the signiiicance of two ©r more narrcnics at the

sanc time with the g-ritical given as:

19



K

= L1
P = Z (=1 L! (1-a) —_
£ - =31 (3-1)1 (I~1)! Jt
j=t |

Equation 30 is identical To (2t) when i = 1« For i = 2, it
becomes

1~ L~-1
P, = L(-L-1) (1-29) 1 (1-2)(1-39) +
2 3

(31)

The g = values may similarly be obtained if Pe is prescribede.
It may be difficult to select significant harmonics where sets
of g = values do not mect the requirements This is usually

resolvad by variance spuctrus analysise

256342 AUTOCO: FELATION

The degree of lincar dacpendence between events k - apart

is measured by autocorrelation function, For continuous series,

it is defined as (Kottegoda, 17R0)
Tw=}:
s (X, = B) (X, . =) dt
Tex 't~ F tek ~ P
e = -
= T (32)
1 2
: L T (Xt—p.) dt
o
-1 £ ek < 1

Also, Q -k "Qk' i-E.Qk is an even function. For an observed

discrete sequence xt. t=12y 2y eesees N, the serial correla-

tion COEffident is obtainec jr;- correlat nz xt' t e 1[ . eses IN=)
and xt-l-k t = 1, 2y evees N=k, using this equat ion:
; N-K
H'K N—FK —
1 ' A g
ey X, X - -~ X ;
N-k z e 3 S X
O en)? / t T Ttk
=4 i
r - 1=4 t=1
K

‘r.

bl
8

4
v (e = {
Lar (yt Var (yt+k)



where N-K N-K w—K

o] 2
Var(xt) - % X. = 1 - 7 Xe ?,1 Xy
N — 2
1 2 1
var(X - — X - Xt X
t+k) N-}cz t+k 2 Z +
r=1 (N=k) oy
Equation (33) can be approximated by
N-K
E (X, = X) (X, , =X)
;" Tk (34)
rk - . +=
.8 3
[_'__ ()Zt - )
1
in which

1=

!

- 1 2
t=4

Equation (33) should be used when N is large and is especially
recommernded from spzctral view point Jenkins and watts (19bc).

For a series with cyclic component, the serial correla-
tion is given by:

& . i (2TTIk)

X T (35)

L)
i

Generally, serial correlation increase with closeness of the

spacing.

2.5¢3.3 SPECTRAL ANALYSIS

A time series is regarded as & coumbination of basic
freguencies of occurence o random varliables which can be
decomposed. According to Wienner 6949°) and Khintchine ('
the variance spectrum an2 the autocovariance function are

Fourzer transform of cac: othere Thiis wac proved by Lee (1%uf

0 P



Oladipo (198R) examined three methods of spectral analysis

and concluded that maximum enthropy spectral analysis gives bette

frequency resolution than either the periodoqrar or the nen
integer method. However, the method is sensitive to the norter
of terms of filter. The resolved periodicities cannot as at rnew

tested for significance. Therefore the periodocrar methos will
adopted in this work.

For a discrete series, the variance density is definc:

=20

V(f) = EE rk cos (2T f KAt)

K= —o0

1 £ <1 (36)

2At 2 t

In most cases, the integral is finite. The truncation
point M corresponds to the limiting frequency with a ranae of
0.2N - 0.5N (Haykin and Kesler 1979). The normalised operational

form of the variance density is:

M-1
v = (1:'0 2 z £, cos (2TIfk) + r cos-
K=1
2TIfM) /M (37)

Equation 37 gives a raw estinates of the variance density anc
to offset the small reliability at higher lags, a weiant
(Turkey Lag window) is applied.

1”l-c = 0.5 1 + cos (TIk/V) (R

Smoothing may also be achieved by '{anning or Harning rmothord

using the weighted average of three terms. iy hannina,

22



v v v 39)
V, = 0e25 VW, 4+ 050V + 0625 V, , (

where k = 2, 3 eesse M=1e The terminal spectral density

estimates are given Dye

v, = 0.50"1?,l + 0e50 32 (40)

Vm = 0e50 Vm_ + 0450 Vm

1

2.5.4 ANALYSIS OF THE STOCHASTIC COMEONENT

The stochastic component are charnce and random component
of an observed series and is analysed after the estimation and
removal of the trend and periodic components Stochastic mudels
can be lineary autoregressive(fR) moving average, (MAy and auto-

. regressive moving average(ARMA) Normally, a series is tested to
see which or‘these models fit the observed seguence.

2e5.4.1 LINZAR AUNCREGRESSIVE MODEL (AR)

:In this model, & current value of & variable is assignea
to the weighted sum of a preassigned number of past values and a
variate that is completely randome First proposed by Markov
(1907), theoretical anzlysis made by Wold (1994) with a systema-
tic methodology presented by Box and Jenkins (1976), the pth

order AR(p) is of the form,
P

Be = Z S *Zt (41)

L=1
where ep'i are the autoregressive paramcters to bs determined.

Et’ and?_t have the following properties E(Et) = 0, E(Qt) = 0,

23



var (E) « 6.2 «/B(E,%), E(Q Ty ) = EQ E ) = 0, anc

b G 2 ;
61': - E(J—._';F Et-k)/éwl' For simplicity, 6E = 1 implying

ers

that all-?-wu generated rust be multiplied by 65.

T estimation of e autoregressive parameters can be
achieved i+ obtaining the Yule = Walker eqguation which was
shown by Jenkins and Watts (1568 )gives the approximate maximum
likelihooo estimate, A simpler but equally reliable method is
by the general recursive formulae (Durbin 1960)e For the pth

order model, the recursive estimates are:

F=L

e - (r - ZB jr .
PyP D P, P=J
o (42)
[
1 e (3] ) 2
1, . J
J:‘n.
5] = 0 j - € e . )
Py p=1y 7 PyP p=i, p-j) L

More sophisticated methods using meximum likelihood and modifiec
(1976) ,
least square principles (Eox and Jerkins, Hippel et al, 1977)
[ e ! e

were found to be practically unsuitables (Kottegoda 1980), The

variance of the random variate is computed using:

45 o <
0 = - Vil byi ry (44)
L=1
The order p is indicated by & plot oi the ek,k against k ana 1¢
equal to the value of p wvien Ok,k is theoretically equzl to

zero for k) pe Anderson (1942) geve the viriance of the

estimated partial autocorcllaticn ek g st
?

24



Var (6 ) = N sample lengtn and 95%

a
Kok N’
confidence limit as 19614/ Ne

can
The order also be chosen by a plot of the estimated residual
variance 522
= 2 2
s,2 (k) = Ne=k H (1-8,°,) s (45)
/ Ne=2Joml !

A suitable order p is that in which the residual variance is a

minimum or does not decrease significantly.

2.5.1. AUTOREGRESSIVE MOVING AVERAGZ (ARMA)

This is a combination of the autcregressive model of

order p and the moving average of order q. It is of the form:

L : 7

= / N E 1"1 -

5t 7 Pout Bttt z Bo il oy (46)
L= =1

The estimation of the parameters of the ARMA (p, q) model 1s no.
stra?.ght forward and can be formulated Iy following the methoa

used‘ for estimation of ARMA (1, 1)e Kottegoda (1980) also noted that
ARMA (1, 1) is most adequate for natural process and would only

be considered.

ARMA (1, 1) model is of the form

E =

t €14 Et..i*'zt'f.n 1 (47)

- - - A A
An initial estimate of the 8,1,1 and ,ﬁ'n cér. be obtained from the

serial correlation coefficicnts which are related to 6 e 2

as follows:
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r = (1-(“' ﬁ, ) (6_1,1 -ﬂ'l'].)

1 1; 11 (4ba)
1=l =20,
for k7 2
rk = 911 Q w1 (48b)

Estimate of 61 and *11 can &lso be obtained by minimising the

T
sum of sguacres of the residuals given as:
H
s ?,_ A (49)
4=

where Et = Et - 61,1 Eb—'l . 11 E‘b-'l

s
Making & grid search, the set of values of 9‘1‘1 and 9’11 that

gives the minimum & i the beot estimate of 61‘1’ and ,C.‘_n.

The search is made subject to 1« =<' 6 < 1anad =1 &

11 11°
Thie latter approach was adopted for this work. ' '
2+5.4.3 VERIFICATICKR OF MODEL

To verify the suitability of the model used, a test of
:I.nde‘pendence of the residuals it carried oute The residuals
are estimated as followse ((ro!tancdn,

- pth order autoregressive model.

= - 6 E (5C)
t T ‘:;I F-,l‘. t—k

= Aautoregroessive moving average of crder p, g

¢ .
? E E € < r
= - J I__ + -
t £ = byl Ttk AR ﬂq,k‘Zt-k {81
- k‘_"
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Graphical verification can be done by a plot of serial
- .

correlation of 2 For the model to pe suitable, the

t.
serial correlation must lie within the 95% confidence barnd.
(kotteaora, 1970).
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CHAPTER THREE

3.2 DATA COLLECTION AND ANALYSIS

3.1 DiTA  QULLECTICH

Usually, hourly record of most meteorological elements
such as windspeed and direction, temperature, atmospharic
pressure, relative hunidity, etce are kept by the Federal
Meteorological Servicees The deta collected at most airports
and aerodromes throughout the country are sent to the head-
quarters in Oshcdi, Lagose For this work, three of the elenent
were collected, viz: windspeed, temperature and atmospheric
pressures Tney were chosen because they feature prominently ir
the Gaussian plume modcl wiich 1e usea tor eir pollutant con. ..
tration modellings Date :or Kaduna and Lagos (Ikejal !

1988 were used.

In a work of this natwre, the.number of years of date
collected is of paramount impcricénice. Various researchers hieve
suggested various periodicities for the common hydrologic anc
metearological elemente Kot tozet (100 ) suggested that complet
reversals of most meteorologiczl observations occur over a
pericd of 200 yearss Howcver most stations cannot have such.
length of data and shorter durations are often useds This was
adopted by Thomann (1967) und potharderaman (1971) - vho on the k-
oI analysis of threc years o: ewrage daily temperature and
surface water got a model for rredicting the parameters,

About 15 years of deily averaae of the elemants were
considered in this woshe Gz in e serles were handled by ¢
method sugoested by Thomann (Z-£7) where linear interpolation
was used.
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DATA ANALYSIS

3.2
The daily observations for the elements .wre i
therefore require a computer facilitye For this reason, a

FORTRAN programme was developed consisting of a main programme

and six subroutinese (see appendix I).

el TREND  AUALYSIE

Trend analysis is narmally carried out on annual data
serieses Since the present work wes limited to daily data,
trend analysis was excluded, ‘Iiic decision is in consonarnce

¢

with the works of Thomann (1967) and Kothandaraman (1971) wico

analysed respectively hourly and daily records without trend

\ b adiies
analysis, Kottegoda (1980) sugaested that trend analysis
L

r dakae
should be carried out on leong record of annual ata

J
¥

30202 DiTh _INEUT
Files were open:d for input and ocutput, because the
analysis was carried out on & yearly basis, the year, NYE, the

number of data per line N, and the number of lines per element

autoregressive model to hoe fitted for mach of the element SUD e
to a maximum order of six (p = 6) and the period T were givern
in the first line of the inrut file, Wnere ARMA (1, 1) is to

¢ fitted, 0 should bz inputed for 1A(1)e For this work, NH, K

29
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NP are respectively 16, 22 ancd 3a T could be 365425 days while
the date were input in th.s orcer: windspeed, temperature and
atmospheric pressure., In¢ date were read intc an array

Xc(3, 23, 16) and serialised in X1(366).

3e+203 HARIONIC ANALYSIS

The Fourier cosfficients Ay By, C, and phase angles >\1,
were determined in the main procramme for the first twenty
Variance accounted for the first twenty harmonics were also

computed.

3. 2e4 AUTOCORRELATICQ! AND VAR1IANCE SPECTRA

Trie mean, variaice ane standard deviation of each elemen:

N
L (7}

were computed in the main programme. To determine the serial
correlation coefficients for the first fifty lags, a subroutiru
AUTOCORK was useds Thne corrclogram is plotted in another

4 .
subroutine GRAPH 1e On thc other hand, the spectral analysis
is executed in the subroutine VARSP and the result plotted in

another graphing subroutine GRAPE 2.

3 4245 ANALYSIS OF THE STCCHASTIC COMPONENT

| )

T &
Before the stochastic components / analysed, the

periodic components were retoved fron tin- original series, ‘I
is done in the main programies. Tie serial correlations of e
non=-seasonal componants were analysed in the subroutine AUTUCURh
and plotted in GRAPH 1 sulroutine. Tne spectral densities o+
these residuals are computcd in subroutine VARSE and plotted ar

G

GRAPH 2 subroutine,
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The linear autoregressive analysis was executed in the
subroutine AUTOREGRZSS which was due to Kottegoda (1980) but
modified into a 3x0 v 1IN The maximum p was limited to 6 but
could be changed by cianging the dimensions. The autoregressive
parameters were determined by recursive metnhode The random
variate D, were therefore computed by remcving the autoregre-
ssive part.

Tne coefficients of ARMA (1, 1) model were determined in
subroutine ARMA by minimising the sum of squares of the residual:
subject to the invertibility and stationarity conditions,

Values of the parametirs were increased in steps of 0,05 in
both the positive and negative directions and considering all
possible combinations. The minimun least sguare was selected
in another section of the sulroutine along with the values of
parameters. The ranaon variate were computed in the main

% e | G0 Lant! wiryg o ion

programme .as wcll as the variance @2
of the resididls.
Ta~ flow chart tor the programne is shown

in Fige 2 while the programme list is in appendix I.
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{; START )

l_O—pTe!T files for input and output |

Y

T READ, NYE, M0, ND, NP, NACI), I= 1,3, T

i

- i

‘i—— ____________ e,
X RZAD, Data on an element f; e

1

pDetermine the Fourier coefficients
Ai' Bi’ S P?I.&.i, And their percentages
i

Compute the mean, variance and standard
deviation of the series.

i

e e e

[CALL AUTOCURR (RR, X1, NY, 50)J

CALL GRAPH 1 (RR, 50)

1
CALL VARSP (FR1, U1, RR, MM, 50)
CALL (GERPH 2 (FR1, U1, VAMAX, MM)

9

Compute and remove the mean and periodic
component from the series.

4 L

CALL AUTOCORK (R1, Z, NY, 50)
CALL GRAFH 1 (R1, 50)

o’

)

CALL VARSP (FR1, U1, R1, L1, 5u)
CALL (FR1, U1, VAMX, L1) |

3

CALL AUTOREGRESS (6, NY, 2, 2S, Y2, Ri, D) |

¥

CALL ARVA (WY, ZS, XE, XF, 2) |

Any element (;/.'_“ s 1
BT

( smcr ) No

Pigs 2: Flov chart for the programnee
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CHAPT- R F(1R

4.0 RESULTS AND DISCUSSIONS

4.1 INTEOCDUCTION

This section contains the summary of the results of the
computer analysis for windspced, temporature and atmospheric
pressure data for the period 1970 - 1988. Following the proce-
dure adopted by Thomann (19€7) and Kothandaraman (1971), the
data were analysed on & ycarly basis giving & fundamental peric:

of 365 days .

4a?2 CHARACTERISTICS OF VWIIDSPeED, TEMPERATURE AND

ATHUSPHIRTC PRESSURE

Certain characteristics of the records were geterminec
toc see their variations, if any, from year to year, viz: mean,
variance and stancarc devioeiione Tables 2, 2 and 4 contain tie

values for windspeed, temierature and etmospheric pressure

respectively, Because the rean, variance and standard ceviat..:i:

were determined on a yeorly basis, the pooled values of these

parameters are calculated usine these equations.

g = 5 (53a)

and

1
M2
e

tn
P
no

-t = (531
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where .ii is the mean of the element for the ith year, Siz,

variance of ith year, 1. she nurnhor ol .days Ln ith vear and
Y y oy Y

n is the number of ywars corzideredas
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Table 2: Characteristics of Windspeed Record

RN Meanmugérli‘;igi Stde Deve vERE Mean vaﬁﬁﬁz S10. Love
(m/s) (m2/52) (m/s) (m/s) (m2/52) (m/s)
1970 2,19 0.361 0e601 1970 3.13 0.814 Ue9UZ
1971 2.91 0.456 0e675 1972 2443 0.758 U071
1972 2.62 0,456 0675 1973 2442 1,133 e 64
1973 2,68 0.369 Oeb07 1974 2,35 1,591 1,261
1574 2,81 0.379 0s616 1975 24,79 1,382 1. 27E
1975 2,79 0.721 Ce 45 1976  2.65 0.909 f,a953
1978 2,62 0.257 0507 1977 3.01 1,575 1255
1980 1,60 04363 Ce 602 1978 2460 14305 te 4]
1981 1,63 0e427 0.653 1979 240 1,148 Zali i
1982 2,936 0,466 0.683 1960 2482 1.623 S
1986 2.26 0337 Oe581 1881 2,79 1.530 14237
1987 2.16 0.411 De641 1984 2,84 1.114 14055
19?0r5 Ze66 0.509 0713 1985  2.95 1,095 sl
1980=2 1.52 0.326 06571 1986 2.75 0,960 D550
1986=7 2425 0. 446 CebCE 1967 2463 1,106 1052
1972=-81 2462 1,33 1,187
1984-87 2,80 1,082 1040




mable 33 Characteristics of Temparature Records.

YEAR MéZiJAGaizggie Stde LoVa TEAR Mean Varizi::A Std., eve 3
C gc2 o % 0.2 o
1970 25.87 2,10 145 1970  24.456 5.99 Ze85
1971 25.61 2466 1463 1972  24.45 4.38 2.09
1972 26,19 152 1423 1973 25,05 5.17 2ol
1973 26458 2423 1449 1974 24,15 6,12 2.47
1974 25.74 173 1432 1975 24,05 5,64 2,27
1975 25,63 1,87 1637 1976 24,10 4450 2.1z
1978 26,22  3.63 191 1977 24,30 5,69 2,29
1980 26.29 2.11 1e45 1978  24.24 4.53 2.53
I1981 26,04 5,43 Ze33 1979 24482 4,75 0 Z.#
1982 26,24 2.72 1e€5 | 1950 24483 5,45 I3
1986 26,49 2,27 1651 1981 24,59 5.59 227
1987 27.14 2,98 1e73 1984 25,07 6.34 2.52
1970=-5 25.94 2,12 C 1e46 1985 25,18 4.66 2416
19802 26,91 2,41 155 1986  25.34 6.74 2. €0
1986=~7 26,19 3,42 1485 1987 25.84 5.81 2.41
1572-81 24.46 S.28 2420
; 1984-37 25.36 5.96 2u44

This computation was in respect of the years which were

continous.



Table 4; Characteristics of rtmospheric Pressure.

A0 Iﬁiﬁ:' Lﬁsgiiance Stde Dev. YEAR  Mean Vaﬁiggzz Std. (1€Ve
BT (rpar)? Bb o .
1970 1006.52 3.13 1477 1970 93%.71  1.89 1.3
1971 1006.50 3.14 1677 1972 93%.32 2,21 Lo 4%
1972 1006.73 Zelt 1661 1975 93334 2,09 “oh
1973 1006.85 1,85 1e36 1974 939426 2457 10l
1974 1006,59 2670 1e64 1975 939,40 2,22 1.4¢
1975 1006, 72 2e04 1le 02 1976 93%9.66  2.97 1. 73
1978 1007.40 198 ledl 1977 940.0 1.64 ok
1980 1006,13 3430 1e 82 1976 940.08  2.09 o
1981 I1006.24 3.72 1493 1979 940.24  2.35 «S
1982 1006,4% 3469 le92 1980 940,16 1,91 le
1986 1005.69 4433 ' <e08 1981 940.26 1,90 1. 38
1987 1005.22 2,73 1e65 1984 941.03  2.25 2o 50
1970~5 1006,65 2060 104 1985 947,18  2.66 o
1930;2 1006429 3459 1.89 19886 941.54  2.23 eh:
1986-7 1005,48 3456 1489  1972-81 939,77 2,35 2653
1984-B€ 941,25  2.42 1056
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Tahle 5a = Benult of Fourler analysis for windspeed, Iketa, Lagns,
“ I.,“”: Sth Rth Tth avh oy 10eh
Ymar gy
€ T c g e = c 3 c -

1870 DLW a4 0.305  10e.T N.189 5.7 0210 N0.R N7 245,85 0,055 AT CL00S 291,3  f.DRR A3t AD260 106D
17y LT a1 Ne 227 1N 0081 2MMLT DLORT 149.3 D0 00586 22,77 Non? 1.3 L4 S D T7al T.NRT LA
1972 0,0 03171 04129 1NN 0.026 119,80 N.0TA  AR.4 Da117 774.7 N.OR1T 2043 0,105 &h.4 0001 .0 0,026 a7
1973 e Yd N.191 0,139 248,7 0.062 221.2 D0ORT  100.7 0,047 Th.4 0,132 25342 f.026 1973.4 0065 I%%a2 0.066 51,8
1774 25179 De247 - 0e160 19,4 0.160 87,1 0,016  72.2 0.071 124.1 0,155 309.3 0,097  119.2 0.006 176.5 0.D56 215.4
1075 10 TA? YalFO 0129 1770 N.07% JEELE DLNeT e, N.0YT 2702 D072 A29,4 NGNS Y0T.6 N 1Nt e Vel
1918 1, fan Nadh1 0076 20,7 0.D21 135.4 D123 2290.9 N.N76 2N2.5 N.016 184.2 0.033 24D.4 0002 N2.9  N.052 97.5
a0 N fig 1e0 Ne17% n,a 0,150 AR D14 11929 NN 1AL Ma1T1 MRlA Ouink 28,5 0LN0G TT.A DWJRE TR
1981 0.510 Da371 0a124  /16.0 0,175 53,9 0.052 114.5 0.112 206.6 0,062 259.3 04000 65,2 0,071 116.5  0.057 29801
192 0.27R D.221 o118 12R.7  0.052 AA.1 D0.051 119.9 0,162 147.7 0.051 184.3 0.043 171.9 ©0.051 282.0 0.022 337.0
1986 0.47 Na217 0e113 138.6 0,051 196.3 0.087 204.6. 0.100 149,91 0,335 96«4 0.105 271.9 0,076 1.0 0,102 12h.1
1987 D.494 0.221 0.077 b DLORT7 3.4 N.112 202,31 0,072 406 0,061 27740 Q045 15A.5 0,046 110.2 0,041 12.2
1988 0, 19 NV 0s165 1060 0.108 295.7 D.026 16,0 0093 24,2 0,105 15063 0045 155.0 c.029 125.2 N.206 114,92
19705 0..0708 o PR ) 04105 1107 0006 - L N, e Y LB 0061 27344 0016 77.9 .06 d1.5 0.021 fald
190" Do Ve " 15 NJN7T7 n.nM TR .07 RS 0.6 731 0,036 177 0100 IR0 0042 2.4 N.051 PR1,.4
1UHG=T g, 0411 WALy G ALnTL 01,9 RS 11T0a DLDT2 2565 CLMT 181,304 1 %7 N.0%1 22.9
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Tahle Sb - Result of Pourlier ana

sia for windspesd, Fadunn.

x..n...,ﬂ,.”;n 2nd " 3rd 4th Sth Bth Tth Rth oth 10th
Yexr r ¢ c c (= c c c ¢ c
1M nLnA an.1 N3N0 19243 0,344 2.7 0.727  721.1  0.200 P0A.S 0.01% 113.4 0.175 121.8 C.I00 25040 D.144 18443 0,185  10R.A
1972  0.440 170.6  0.371  121.1 04165 110.4 0,067 312.4 0.196 192.5 0.08A 120.7 0.113 213.7 0.129 261a4 0.051 0.9 0.012 62.9
1973 0.0581 75,5  0.247 65.0 - 0,155 288.7 0.191 310.5 0.108 312.6 0.268 82.0 0.232 50.0 0.747 342.1 0.156 239.8 0.170 112.0
qu7q 0, 7H8 1.1 D.706 1713 0.433 179,99 0,196 67.5 0,787 312,7 0.036 1R7.2 0.196 347,55 C,05 25541 0.134 140.1 0,154 166.3
197% 715 0.546  174.4 04525 14.0  0.118 FALY 0.124 47,5 0,302 14642 04242 92.7 Cl 165 298,88 0,200 192.4 0,154 298.7
197" 92.7 N.361  169.3 04417 1541  0.139  1A6.7 0.221 233.5 0.077 330.3 0.232 287%.4 0.263  319.1 0.185  185.2 0.06% 274.0
1977 ©.798 678 0570  145.0 0,230 275.0 0,129 229.5 0.417 171.4 0.417 16.2 0.216 3o2 0,330 107.4  0.19C  119.7 0,304 12P.1
1978 T8 139,70 N.024 165.5  0.141 10R.4  0.093 177.5 0.185 201.3 0.88 16.2 0.211 6440 0.190 0.1 0,200 36.0 0.145 137.4
1979  0.214 94,9 0.6 4.8 04350  162.7 0.134  143.5 0,129 19,9 0,056 226.3 0,319 331.5 0.721 245.6 0.155 179,5 0.156 79.3
1980  0.45%% A8..0 0.546 0a2 0,103 1.7  0.180  104.0 0.288 100.3 0,221 118.2 0.376 244.6 0.407 115.8 0.128 149.2 0.036 137.4
19A1  0.34% 0.695 21.0 0.144 29,7 0.520  302.6 0,577 276.0 0.309 I24.5 0,252 331.9 0000 A2T.E 0,262 49,5  0.747 0.5
1984  C.a¥4 542 0361 740 .24 6.5 0,056 94,4 0.700 231.4 D.134 227.7 0,180 271.2 C.118 316.4 0.206 1354.2 0.191 118.9
1985  0.607 7.7  0.427 1041  0alfS 3302 0,247 202.5 0.041 116.7 0.139 131.8 0,185 269.2 0.093 0.2 04155 45,2 0.095  124.4
1986 C.0NA 1AL 0.575 171 Celdd 1727  0.067 234.8 0,231 209.2 0.147 159.5 0.106 54.3 0,130 0.180 315.5 0,243 11A.6
, 1987 0.992 77.3 0.319  159.7 0,098  167.3 0,062 156.0 0.129 211.6 0.100 245.3 0.021 243.5 0.134 299.7 0.380 223.7 0.135 149.3
1972-81 0.371 61.8 0.494 4,8 04175 159.3 0.056 301.4 0.67 26,8 0,100 336,12 0.037 223.,1 0.052 113.3 0.072 165.5 0.049 4 m..m......
1984-7 0.474 T3 0.422 1.1 0.118 22.5 0,077 231.6 0,139 227.7 0.092 110.5 0.043 226.2 0.066 291.9 0,088 294.7 0.049 . umn._‘u =
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Table A = Brm:lt of Fourier pnalyals for Teenereture for Tveala, Laons,

-

Year :mﬂ”wpn ond - 3ed Ath Sth 6th 7th fth 9th 10th

AMPL B0 AL PH D ML o AMPL 0 NEL 0 AL ) APL o AMPL o AMEL o aeL 0
170 15626 B1%0r 0.6t 201%.5¢ 0.0z 191%.42¢ oo 98" o0 puen . 16% 10 0,31 369° 110 22 176° 300 0,30 162%2a1 0,33 1%+ 0,09 316%7¢
1974 111 0S5y acan 221%5r o.co 310" 240 ol 289 ov 0021 200 00 017 3427 18t 0,17 135 18 €.1% 145 18 0,26 175 51 0.23 82 30
1977 1,31 41 9 0,57 236 2 0.21 228 18 0.10 279 6  0.17 101 18 0.09 63 24 .08 94 24 0.06 26 30 0,10 135 36 0.04 342 36
1973 .72 61 1 oL € 0.24 207 30 0.22 297 30 0,16 270 S4 0,20 177 0 0.05 24 30 0,17 74 54 0.20 150 0 .10 149 36
1974 128 5% A 0.3 221 8 0,77 213 18 0,38 201 48 0,14 224 18 0,32 229 47 0,11 26 57 0.12 230 48 ©0.25 117 42 0.19 134 30
1975 1,4 63 4 0.5 219 0 0.3z M 4  o0.08 189 S8 0,06 156 0 0,12 188 6 0,12 239 24 0,24 112 0 0,03 2410 0.08 161 15
1576 1,25 35 6 191 0 .23 3152 36  0.42 230 42 0,08 2864 54 0,27 198 24 0,30 208 54 0.2 0 43  0.27 1776 0.28 252 10
1987 151 59 T 0.65 240 1 0.26 260 18  0.47 305 24 0,30 199 36 0,21 9 40 0,16 333 48 0.16 2000  0.16 335 48 0.11 108 18
182 41 87 1 o 203 6  0.13 169 48 0,90 11 4R 0,24 322 6  0.15 201 54 0.27 100 42  0.21 145 18 0.15 131 30 0,10 123 30
1900 1.61 % 0.k 174 0O .07 217 A2 0,24 1% 17 L2000 4T MM 0,200 288 35 0,19 253 50 0,34 47 48 Q.38 MA O 0,33 1020
1970-75 1,39 56 9% 0,5 215 % 0,20 186 21 0L15  189% 9 0,09 223 18 C.05 15 27 0.05 7 0S4 (.08 148 48 Q.15 153 18 0.5 15 57
19R0CR; 1.9 %7 0 M.46 236 3 0,0 23 36 0,30 337 3% 0,15 43 71 0,22 263 21 0,04 201 3 . G.71 52.9°+ 0,02 424 47 Q.13 942
198657 1.5 B0 9 0.8 231 A4 G.0R 235 S8 0,36 291 A8 0,26 W7 15 0.16 135 42 0.0% -356 9 £.13 318 51 0,10 327 57 0,94 123 42




Tahle &h restt of Fourler Analvsis for Temrerature for Kaduna.
T -
Shear Vivie 2 Ard) Ath . Sth fth 4 en ath 108
ATL } AMPL 2] A FL 0 2] AMPL Q AMFL o 1] AMFL o AMPL 0 AMPL (]

1970 PR ST L 1.7 NG tu ‘. 176 24 ¢ Far 13 40 D. 12 20 36 D.59 140 38 - 52 18 49 10 (785 | 18: 15 (L] 10
1972 203 L ] 1.49 273 &0 . 206 42 0.5 31 30 nN.26 129 36 0,16 115 3% Va 111 26 D34 esh 49 151 00 0.20 142 22
197 oy Y0 176 701 W s P i« T T 1 19 24 0D.29 175 15 0.24 142 20 -’ 97 33 0.7 N A% 2% DA€ s = 5 o Py
1774 2.3 1.%4 192 an ‘e AR 12 1.7 294 42 Dl 33 12 0,10 105 42 i 160 42 D0 B Cad 037 151 4%
1115 1.0 347 12 1.96 201 an YT 22R 56 0.4 95:51 Da25 207 24 0.45 220 24 . 254 24 Qe 174 24 0«29 173 0 0.48 179 42
1979 174 VRS 1,61 275 W W4 M M D,13 105 1R D.18 of 30 0,42 230 24 N.h 236 A6 0L31 151 24 0,78 PR% IR 0,70 70RK 0
1979 104 <8 1.68 210 1. ik 270 48 Q<40 136 54 0.27 192 10 Ca12 55 0 2 PR | 65 54 (.18 12 40 .29 257 DO De4S 182 42
180 s JXINrd 18R AR 15 .40 M2 AR 0,15 “n' 24 0.32 317 5S4 0,07 311 4R . 15 10 0.42 301 36 C.37 376 9 0,21 156 18
1981 1.83 351 45 1,93 182 30 .50 220 10 0.40 166 48  0.52 5 4 D.46 3158 51 N.51 152 12 0.20 37 18 Q.42 208 4R 0,08 ™ 24
114 p LA O § 2-.19 1A 1 ot 216 1A 0.1 163 1R 0.37 62 & 0,07 120 A5 Vo7 47 24 0.33 179 .14 is @ 0,23 129 12
1985 .75 157 36 1.8 216 6 94 12 0.19 157 24 D.41 54 12 0.41 76 N6 3z sB  0.27 s 30 0.08 65 42 0.17 48 18
1986 180 36 2.04 189 42 276 42 0,50 115 58 0,22 09 45 n.18 94 40 Jell 111 54 0.3 22 45 C.21 1™ 6 0.30 171 18
17 b5 ' &h 1.7 201 1A = a4 1 SRR Y A5  D.AR 237 12 0,1R A6 20 AN ny 42 D07 1518 0.48 77 A2 0,22 317 50
1978-A1 1.97 M5 1 1.67 190 54 "33 54 0.16 i5 4?2 0D.10 25 A.m 0,16 264 36 0.1} 162 6 0.14 22 19 0.02 asa 51 0.13 34 24
19A4-87 ca11 S A 1.89 194 52 ‘e 210 74 0,23 324 30 0.10 351 18 0.1C 45 49 [ ) 328 58 0.13 172 Ca15 52 54 0.10 15 48

EB!



»
Table 7 = Result of Fourler analysis for atmospheric pressure for Kaduna and Tkoja, Lagos.

Year IEJA, LAGOS KADUIA

. - e e ———————————— - - - —

1st Harmonic 2nd 1st Harmonic 2nd

Year AMPL 0 AMPL 0 Lis. AMPL, 0 AITPL 0

1970 1. 16 234 36 1.80 14 A2 1270 D61 121 20 le 7803 110 30
1971 1.82 259 42 1.37 03 1972 1.25 104 6 1e 56 175 30
1972 1.32 247 6 124 8 6 1973 110 133 45 le 37 18 12
1973 1.02 268 2 150 17 30 1274 137 107 18 169 179 12
1974 1.43 249 18 1e12 4 12 1975 1.03 124 6 1a 76 19 54
1975 1,36 257 30 1032 25 12 1978 1e42 131 54 le63 3 1

1978 1.00 255 30 1637 25 18 1979 0.80 113 12 196 6 21
1987 9.82 104 1 1.38 8 48 1980 1.73 96 30 lafi5 5 39
1982 1.69 236 36 1443 8 49 1281 1e24 123 48 1le59 7 28
1988 129 243 6 1.58 10 36 194 le 24 122 30 le58 79

1970~75 1053 236 33 0.93 17 45 1985 101 93 18 le66 16 45
1980-82 1.41 253 12 1.97 7 18 1987 127 141 10 le62 89

1986-87 2.04 220 54 0«33 67 57 1972-81 1«23 127 36 Le84 8 18

1984-86 1.43 140 51 201 9 30




rol PEXIODIC VARIATIONS

Infarmation on the periodic variations of the elements
were obtained from the harmonic analysis, the result of whicn
were presented in tables 5a, b, 6a, band 7 for the two
stationse For brevity, only the amplitudes and phase angles
were snown for the first ten harmonicse. In addition, the
percentage of the total variance accounted for by each harmonics
are presented in appencdix Ila

In conforming the important harmonics deciphered from
appenaix II, a test of siundficence oF . z.onics was cérried oot
Tor Tirest five haermonics witl. the higrest amplitudes, The test
was conducted based on a procecdure due to Fisher (1940).

It is also possible to demonstrate the imp.ortance of each
harticnics by spectral analysise Fige 3, 4 and 5 gives typical
graphs obtained. In addition, the serial correlation functions
were plotted against lags for further insight into the beheviour

of the elements (FiGe 6y 7 @and Bl

4.4 THE STUCHASTIC VARIATIONS

After the determinadion of harmonics of importance, the
periodic corponents were computed and substracted from the
residualse The major characteristics of these residuals are

presented in table 8, 9 and 10, for windspeed, temperature and

atmospheric pressure respectivelye
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.cteristics of Windspeed Residuals.

o
o
-
)
@
0
¢

FEIR Mean D\?iﬁi.’a;hiz. TEVe TEAR Mearn Vari?n?:gNAStd. Deve
(m/s) mzlsz (/<) (m/s) m2/52 m/s
1970 0,00 0,904 0e951 1270 0.000 24706 14645
1671 .00 1423¢ Zeq1 197 (.00 24307 1¢5%
1972 0,00 14294 1473k 1973 0,00 3.471 leBE:
1973 0.00 1¢19- 26091 1974 0,00 34538 leb5%
1874 0e00 14230 14308 1975 0.00 3.359 SRR
1995 CaDL 1e 23 i 1976 (€00 Ze 700 Tetel
1978 0,00 0e67¢ CeB22 1977 0,00  3.929 1,962
1980 Ce00 1,033 1,016 1978 0,00 344569 1e662
1981 000 0.63: VeSiz 1679 C.0C 3,046 W 71
1982 0400  1.49: tel23 1980 0e00  4.940 cecZt
1986 0.00 0,621 Oe 7S 1981 0,00 44624 24156
1967 0400 1.05% 14051 1984 0.0C 34349 1.83C
_ 1985 0400 3,02 1. 73¢
' 1986 0.0C 2798 1. €72
1987 0.0C 3429 1,815
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ravle 9: Characteristics ot Temperature Residuals

. IKEJA, LAGOS Tk KADUN A
o Mear,  Variance Stds Deve Mean  Variance Std. Dev.
1970 0000 066972  0e8349 1970 04000 148255  ie3511
1971 0.000 146389 14280 1972 0,000 1,2095  1.0997
1972 0e000 0e5268 067256 1973  0.000 1.824 <3504
1973 06000 ©e7027  0e6383 1974 0,000 1,7961  ..3402
1974 04000 08401  0.9166 1975 0.000 1,9331  1.,3903
1¢7¢ Coe30  0eb6734 OeE242 1976 (000  1,4297 . 1957
1$76 GeCUl  2eB057 146753 1977 0,000 1.5730  <.ib4c
19860 0000 066780  CeE254 1978 0,000 1,7202 <3135
1981 0,000  2444CC e SEOC 1979  0.000 1,6355 1..789
1987 C.00C 0.9439 Cec7E 1580 0,000 1,698 1. 2958
195€ 0.000 €s7620 C.8728 1981 0.000 2,053 1,4332
1987 0.00C 1.6287 142763 1984 0.00C 1,922 1. 2860
1985 0.00C 1,725 13140
1986 0.000 1,6997  1.3034
1987 0.00C 1,6610  1,28ES
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Table 10: Characteristics of the Atmospheric Pressure

Residuals,

TERR MeaiKEJiérizigi Stde Dev, JEAR Mean tgiggice Sta. v
1870 0,000 1,017 1,008 1970 0,000 0,09 Lo 31
1571 0.000 04545 0.7382 1972 0.000 0.21 Ue &tk
1972 . 000 0,930 Oalbad 1975 0,000 0.24 Lre st
1¢74 0. 000 1,08 1e 02877 1974 0.0C00 Ce19 PPN S
1875 0,000  0.85 049215 1975 0,000 (0,14 Veddhe
1978 (. U00 0,541 067355 197 0.000 0446 UebTor
1980 C.000 1.008 1. 00 1977 0. 000 .34 (e b3
1981 0000 1a 243 1le0BY 1978 0. 000 0.24 ey
1982 0.000 1.2 1e 100 1979 0,007 0,09 T
1986 0,000  1.430C 1. 1958 1920 0.00¢ 0,03 Ca 1€
1987 C.000  1,43C0 1.1958 1981 0,000 0,35 Cabs

1984 0,000 Q.36 U, 60

1985 0,000 0,346 (a0 B

:' 1987 0,000 0,56 T
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As a recsult of trhe niagh values o: the standard deviati
0i the windspeea in relation to the fwan, 1t was consiaercda
necessary to examinc the residual correlationse To this end,
serigl correlation coerfiicients were cunputed tor the element:
(Fige 9, 10 and 11).

Also examined were the variance spectra of the residus!:.
Fiqure 1¢, 13 and 14 were wie results obtainea from such ans.,.

Tne yearly analysits produced & lot of data on the li:r
autoregressive coefficients for the elements, The average

values of these paranctors are given in table 11, 12 and 13.
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Ixeja

Kaduna

Table 123 Linvir suteregressive cootificients for windspeed, Iheila and Radunia

Order ® ®, o, 4 ®5 ®s R®
1 045264 Oez2
2 04083 0u1269 Deld
3 044479 0405643 0.,1499 Uui®
4 043721 0«05 76 Ue1097 0.1041 Ue2?
5 043577 040432 0.1021 0.0550 0.1323 0e28
6 043522 00415 040927 0.0528 051153 0,0462 Ue 29 &
1 045839 Ueld
2 0e5756 0.0128 0.35
3 045752 0.0198 -0.0478 0e35
4 005735 0e0199 ~0,0300 -0,0211 0e36
5 045718 040190 —0.0295 06,0020 ~0.0389 Uelb
6 0e5710 0,0164 020297 0.0201 -000310 040129 Oe36




Ikeja

Kaduna

Table 13: Lirear outaregressive coefficients far temperature, Ikcja, Kaduna.

(rder ®tvp ®v-m @ﬁ-u mv.» mvaw wvem zm
1 045064 UelB
2 Qa3 0a1203 Vig ity
3 044789 0,0821 0,897 - D3
4 0ed732 00745 0.0889 060751 0630
s 0ed687 Ue1098 0.0513 00381 0.0772 Ges1
6 04658 00272 0.0491 05,0386 0.0614 0.0325 .31
1 Ue 0708 | Uedd
2 046420 00429 ) Ced5
3 0.6391 ~0,0106 0.0659 Ve 4b
4 0e6391 040107 0.0651 ~0,0084 UedB
5 Vacd62 060077 0,056 ~0,0016 00251 Vedts
6 046389 “040119 0,661 00162 00256 —0.,0085 UedB
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DISCUSSION  OF RESULTS ' ol
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e following discuscions arc in respect of tht resuilr

i Stean B fer Auperells ile .

presented in the previous cree b ten ang Ve Apperella :.
i

|

1

|

A4.5.1 WILDOPERD |

|

_.T

4,5.11 ' ' CHARLCTERISTICS e

F‘rom. table 2 wilol contuins the characteristics of tne
windspeed record, it is clear thet the means are within close
~range in Kaduna beina 2435 - Ze13m/s. Hrwever the ranae is i
hicher in Tkeia (1.33 = 2,93m/s)e The gradual decrease in the
mean from 1975 - 1982 could noi be attributed to ~hange in
recording or'a.marked trend because of the inarease noti~ed a-s
from 1986 upwards, Wien compéared with the record in Kadura,
no such decrease is ohger—de o
The high variance and starndard deviation of the yearly
mean in Kaduna is @ pointer to ihe high extremes of wirdspeed.
The standard deviation is as hiah cs 40% of the overall mearn.
This contrasts greatly with thc records in Ikeja where the i
standard deviations are usually smell not exceeding Q.83m/s, i
it iéjclear from this resull that the wind is steadier in Lagos
'than in Kaduna,
Considering the range of mean obtained, one may douby

the stationarity of windspeed datz which are expected to have

A
same mean for any sunserics 0F tne record.  However Yevijevi-t E

i974) observed that proviocd the individual cheracteristic |
lee an, ian stendard deviation) or . ies
{ie€s mean, variance and s ardé d t ) the subseries

1
61 . o



are oontained withiﬁ the 95 confidéﬁce band of the overall'm&an,
the dota can be assumed stalionerye Iinds bend 1s 1.57 = Zo94mss
in Ikeja and 2400 = 3,33m/s in Yaawa. The criterion is hence
satisfied for the two stations except for the lone 1982 record
in Tkeja. Windspeed record:. are therefore of second order
stationarity. i

Tne wide extremes of windspeed in Kaduna has obvious
implications on air pollution episodes. Because pollutant‘
concentration downwind are inversely proporticnal to the w£nd-
speed, period of high windoieed will witness low pollution ana
vice versa for low windspeed periods From the windspeed recora:
these fall respectivoly in July and vetober - November of cach
yeare a5 for the siteaticr in Lagos, the small _cvi_'ji.}_r__j;lal variator,
implies small diwrnal variations in the concentrations of i
pollutants in the envireon toc an emitting factory. This conditiorn
would lend itself to more wcocurete prediction using the Gaussia:,
plune modele Forcasting o likely pollutant concentration

¥

could also be achieved when the pertinent predictive equations

of the parameters remuires in the predictive nodel as is expectia
in this worke !
o
]
o

I

de5.1.7 : PERICOIC VARIATIORY

Tne periodic varisutions ere sliagntly different from ve e
to year when conmsidered in terms of the amplitudes and the phay

angles (Tables 6a, ble Aliough many harmonics were fitted,

is coserved that oniy fev o inportant. 71
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The first and secuns harmonics have the most consisierd

amplitudes and phases I0r eli We yoars witn ranges of Ueds -
.

0e80m/s and 0,30 = 0.0/ respectively in Kadunae For the i
i

first harmonic, & chahge in phase shift 1 noticea from tiv

first quadrant to the seccnd in only twe out of the 15 years
studieds This fact wylersocored th: | homogenelty ot the wlmishmwﬁ
record tor tie statiors AL fQr lhe becUnQ HACONLCS, THE Diinse
-
shifts lie in the second cuadrant most times. ' ; E
The high range of avnaal mean has a carry over effect on
the amplitude for nmoth the first end second harmonics in Ike je,
They stand at 0,14 » 0,74 andé 0e18 — 0.,47m/s respectively. A:
for the phase angles, the are contained in the fourth quadrant
(27¢ = 360°) and the first (0 - 90°). &As is evident, the ranu
of amplitude is smaller for the second than the first harmonice.
The record can alsoe be accepted as homogenous. o o
| One other harasonice that seem of importance freom the
values of the amplitudes s the third. However, it has greate:

variﬁbility than other higher harmonics.
To confirm the ha:;onics ot importance, Fisher‘s test
of significance of harmonics was applied to five of the amplit.ges
of ea;h year arrangzd in descending order of magnitude, The test
was conducted at 5% significence level with a period of 365 davs
giving & critical g* valw of 0.04429, From the tect's resuat
. N ¥

the first and second harmonics were significant }
for all the years with values of computed g exceeding the
criticele Tne third bearly nweet the criterion judging frons the

number of years in walch i1 was tound sicnificant. Do
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The above conclusion is further corroborated by the
percentage of variance accounted for by each harmonics (appendi>r
II)e The first and s.cond harmonics accounted for 3 - 17 and

|
£ ~ 20% r?spectively. Tne third is less important accounting
for less than 5% in all the yearss In all, the periodic variatich
can account for lesc than 25% of the variance of the record.
Other pockets of harmonics wihich were significant but not in
enough frequency were rejected. ' ' *%

The spectral density curves (variance spectra) also |
furﬁish vital i,n;c;rma’:ion on the harmonics. Result of the
spectral analysis snosed thot the variance are concentrated
within the first few frequa.lcy.bands of the spectra. For thc
first four spectra, range of values are £.28 - 3.76, 1.87 = &4,
.0.74 - 1,14 and 0,55 ~ 0.69:1“? dey for (U1, 0.02, 0.03 and G.0s
cycles/day respectively in Kadunas The corresponding range i
Ikeja are respectively 4468 « 5,57, 2.73 = 3.68, 0,55 -~ 1,25 arncg
Oeld = 0O, 53m2 day/52 cycles The importance of the first three
harmerics is again hrought to light by this results |

The dependence in the windspeed data are brought to liur:
by the result of the serial correlati';:m arialysis (Fige 6)s It
is fog.nc; that the cosificients are significantly greater thar
zero for lags of yup te 50 duyss For instance, the first threc
lags have values of 0464 = 0,70, 0.45 ~ 0,52, 0.31 - 0.47 an-
0832 = 0470y 0¢38 = Vab6l, U0s37 ~ (o559 in Kadunz and Ikeja res-
pectively showing that the first and second iag have grectrr
correlétions than the others. Tre positive persistence of <-«

reoord ndicate that hicn windopeed averaze in a day is Zike oo

Lo be followed by sane next day and vice versa.
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4.5.1.3 HOW = STASOLAL  VARIATICOND

.The analysis of the non—saaéonal résiduals are based oﬂ
the assumgtions that they nave zero mean. Inis was upheld by |
the result as seen in table S The extremes in the variance of
the residuals as a whole were evenned out by the pariodic

analyses resulting in almost widform value: tor the stochastic

residuals, Tne ranage of the voriance and standard deviations in
Kaduna are most obviously =ffected (0.72 - 1..03m2/s2 and 0.84 - |
1402n/s)e  Although, with & higher range, values in Lagos are :
smaller (0,18 -~ 0.39m2/52 orid UedZ = 0.63m/8). qﬁ
Hidder. periodicities that cannot be illuminated in the %

spectral analysis of the observed series are usually identifiable

from the result of spectral analysis of the non-seasonal residuals.

In this wise, three pzaks at fréquencies of 0,20, 0,30 and 0,39 !
cycles/day were identified in ikeja with Spéctra range of 2.64 -
0e73, 0608 = 0e20 and 020 o U¢37m" day/52 cycles FHowever four E
were found in Faduna as O.iC} Ce20, Co29 and Ce39 cycles/day witl.
0;9:, Ce52, 0Ue40 &nd 0,26 mz/day/szcycle respectively,
The causes of these variaticns with respective period of 10, 5,
3, 24 days are unknown, . Ii

The serial correlaticns of the none-seas~.al residuals
oscillate and are gencrally sraller than those for the observed
data (Fige 9). However, thev cre higher enough to warrant an
investigation into the namwe of dependent components of the
residuals; being about vesl, (425, 0,23 ang (.64, O.a2, 0,30
respectively in Tkeja and fadunz for lag 1, 2 and 2, This need
ir further buttress2¢ by e c-gll Drrenteye Gf W totol

variance accounted for by the veriodic coriponents,

[
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In determining tie ejpropriate foacl, the serial correlea-

tion ancd the partial autocorreletion coefficients were usede.

The oscillation of the serial courrelations and the fact that

the partial cutocorrelations are non—zere ot nigner lags satisfy
the criteris for choice of the linear autoregressive moving
average &s describing the non-seasonal residuals for windspeed.
The order was limited to 1s For satisfying one of the conditicns
for the linear autoregressive process, AR(p) of order p, the
order p was considered to the sixthe.

From table. 12 ayb whidi showed the values of the linear
autoregressive coefficiuvnts, it is found that the coefficients
are within a close rangc. Hovever, the cocfficient of deterrina-
tion R2 are low showing that the¢ non-seascnal residuals are

composed essentially of the ingependent randon variates

PREDICTIVE EQUATION FOR WINDSPEED

4. 50 1-.4

,Based on the factg that three harmonics were found
significant and that lincar cutoregressive model and ARMA model
of orders 1 and 3 can fit intc the non-seasonal residuals, the

predictive equatior for windei=ed is of the form:

—
= ." 1 \ )\
X, P+ £ Gsin 2rmie oA )
L= 365
5 ‘( s (54a)
> 1 £ * = .9 -
1’ -t—‘l tF"l t 1 t"j

(ARZA (1,1))
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Lt
.!_

X, = B+ o€ sin QILiteA)
L | 365

= : Z | (54b)
AR R A
[ . i
.
where the subscript t rercr to the dsy and u is the expectoc

value of the mean windspeed for the last three years. Note nazt
three years is used becuuse it is the period beyond wnich Tt

7 ang £ are

mean may be unreliable. The values of €, J\i’ p,i

i

given below, t.w

N U . S VERIFICATICN OF THE MODEL

The random variatc-rlt' gre tested for independence. For
the First order ARMA (1, 1, wndel, the residuals were estimeted

using equation {55a). : ' : S

7 .
by By = €49 Egg *T e * €4y { t-1 (5%e)
: _ ' \.
For AR(B) model, it is . |
- . .
= = o
'Z = E, = L&) E, |, {55h

Figs 15 is the graphical verificaztion of the random variate
independences The dotied lines are the 95% confidence level.
The figure showed the rlt have approximate independent norm:. !

distributions The small vilucs of the scriel correlations & - o

point to the randomnecss of the data.
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1 1 3;1 3'2 ‘{UQ
- O
Kaduna 1 0.82 66730 i
2 0.89 2°57 0e5586 0.0132 G0 G108
Cod
3 0.29 159718 |
L
ARMA coefficients @,, = 095, p’n = 0.60 |
Ikeja 1 0,487 297936 0.3879 0.0643 0.1499
2 0.51 34151 i
o |
3 0.17 1264°12 |

ARMAcoeff';‘.ments 611 = =0.45, ﬂ‘ll = 01.105

The predictive eguation wus Teésted Tor 1988 using the ranacn
varizate for 1987. The result (Fig. ) showed that there i

13
gocd agreement between the observed and the predicted wvalues,

4.5.2 TEIPEKATURE " -
a,5.2.% ' CLRL.CTERISTICS S

|

Tne annual means ol tenperature are fairly constant arn~
stood at 254,61 = 2'?.140(2 in Ikeja &nd 24;10 - 25.050(: in Kadwr
The upper and low mean eccurs in 1971, 1987 and 1976, 1973 ir
Ikeje end haduna respective lye  Slight increase in the mean i
Tfound between 19872 and 1907 in Tkeja while no patferm of ainw
exist in Kaduna. o

The variance has i srell range irn Lagos (1.52 = 3,(:.'4(";‘

and 2 little higher in Kativw (4050 - 6422°C%) despite smalljes

annual means. This rnows that Kadune has extremes of tempar &

compared with the small voaristions in Lages. On the whole, wr.
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this characteristics point to & greater level of predictabi it
of temperature than thc winaspecde
when the areany virliahce ang siendard geviations woere
tested for stationarity, at 5% cenfidence level, all the annuz.
- o
means are contained within the 22476 = 25.94 °C band in hagune
i o, . L
and 2524 = 27,16 C in Lagoc. .
vard rnee i stand::f Ve i1 100 . gl e 1%

are stationarye.

4.542.2 PENICDIC VARIATIONS

The harmonic anzlysis showed that two harmonics ar
responsible partly for the annual variations in temperature ae
az is evident in amplitudese. Cther higher harmonics were fourn-
o little worth. Tne anplitudes ¢f the tirst harmonics have
closer range in Kaduala (1e8% =~ 2431°C) than in Lagos (1417 -

-

o :
1+79 C) and are anprecizhly arecter than those of others higi-:

L8

onizSe kach station nas separate phase shifts, being 330 = 451 (
ir. Kgduna and 50 - 70°  in Lagose In addition, the annual

;
variability is lowe From the results (table 7), it is also
found that the second harmonic has high amplitudes, althougt
smaller than the first, wvith ramoe of (56 - 0.90°¢ in 1ke je
and 1626 - 1.96°C in Kaduna, @ll the phase shifts are contaiin:
in the third quadrantse Other hiaher harmonics have highly
variable amplitudes and phinse ancles to: all the ysarse Fri
the concistency of tne snifts, it is evident thit the reco:a

&re homogenous.
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1n confirming the harmornaics O S1CN1ficCencE, using

Fisher's test at 5% sionificant lewvel, the first two are importan

jueging from their resprciive coiputes g value which are appre-
ciably grester than the critical g*s NO consistent bzhaviour
was found in other higher harmonics and were thus rejected.

The harmonics of irportance can also be identified by
determining the percentage of variance accounted for by each
harmonicse It is confirmed that the first two harmonics are
important, acoounting for 65 = 70% in Kaduna and 50 - 60% in
Ikejase It is also evident that thw firsi harmonics accountec
for higher percentage (554%) in Ikeje than the first in Kadune,
The reverse is the case for the sccond harmonicse As for the
highier order harmonics, they account for less than 1% of the
variance in most casecs (eppanaix 11).

The two significant harmonics in this work contrasts wirv
the findings of Kothandaraman (1271) and Thomann (1967) that
the first harmonic is important accounting for over 90% of
varianée. Wnhile they accounted for less than 70%, there 1«
difference between the percentage accounted for by the first
and second harmonics for arv twe statione,

Tne spectra 0: the suserved temperature records fal.
assymptotically to tihic freguency axis sho.ing that higher fre-
quencies (and hence higher erder harmonics) contribute lese t:
the veriance. As earlier :ound, Wi variance is contained
within the first few frezuency band (0.01 - 0,04 cycles/day)
with range as 29,46 ~ 32,50, 10652 = 16425, 2,23 = 3.71 anc

re aum n@ .2
Cetic = 1,20 €~ day/cycle an Incje and 3ceu7 = 33412, 19,39 -

73
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3.57 = 3,60 and 0.7¢ - 1.1%1 in Kaduna, figher frequancy Spectre
arc less than :1.0‘DC2 duy/cycle in most cases (Fige T)a

The result of the serial correlstion analysis showed tiat
the cuserved temperatwe recerds have greater correlations at
lags 1 and 2 than at higher lags, elthougn &ll the coefilcients
are significantly greater trnan zero for lags of up to 50 days.
(Fige 7)e Tne typicul valuws o O0eYU. vend anc U.80 in Kaaurnc
and Ue74, 0e68 and Oet/ in lke€ja, for the three lags show &

very high degree of positive persistence for temperature.

165623 RON=SELSONAL VARIATIONS

The characteristice of the non-seasonal residuals on
rerovina the mean ani the periodic component is almost constar:
with mean zero (table 1C)e The standard deviation has small
range indicating that temperature data are stationarye.

The spectra analysis identify foar hidden periodicities
in both Ikeja and Kadunae Tnc peaks occur at 0010, 0,20, 0,29,
and 0.‘39 cycles per daye Ihesc peaks ind:cate the influence o
weerly and fortnightly events on temperature.

The removal of tnc irarn and periodic components frorn
the observed series have little influence on tne dependence o-
the non-seasonal residual series judging from their correlatior.
at the first three laus (Fige 10)e However, the correlation ar:
higher in Kaduna (Oetl = Ue€S, Ued5 » 0.50 and 0,35 — 0.42) tha:
in Zreja (0e43 = 045, Oell = 0430, Co2¢ - 0.26)s This de pe i
shoved in part, that vrneratuwre is @ linear gutcrecressive
proCecs requiring scie el l fittings.  This is e CeSsdary Colit.-
derinz thw fall that t heartonic corpenents accounted fou less

thar. 70% of the varianco.
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To confirp T Lilv.l wUloredressive dnoael, the serial
correlations and the parilal «¢ulocorre lations tunctions are
useds The oscillations of the coefficients coupled with the
fact Thnat the pertlal auibocuireletions Iw.lilloch opfroadn zerd
at higher ordzsr identify the process &s avtoregressive

(e = 0 as k grcater than 3, Fig. 10 and table 13).

kok?

The result of tne lineer sutoregrevsive anslysis showeo
. o P . . z :

that the coefficient of determinetion R inwreases slightly
with increase in the order of the model fitted, For instance,
when the order was ncreased from 1 to 4, B increases by
awout 1% and remain conotant thercerter te the sixth order in
botk Kaduna and Ikejs.

The use of the model could therefore be limited to the

. Tiey .o 2 - - . oo .

second order AR(Z2)e llosover, Boare lesg then 0,50 in all the
years showing thay wie acpationt compoients aucount for less thar
50% of the non-seasonal resicuals.

4.5.2.4 PRLDICTIVE ECGUATICH POL TLHMPERATURE

The pericdic analysis showed that the first and second

narmonics were signif oant for termwrature recorac.  In additzia.,

the normseasoral recicducls could Yn medioted by lincar ano-

regressive models of order ‘e Tnoreiore the predictive

eguatin
for temperature is of the form:
2
¢ = Hooe —Z-’ €y sin (2215t + A )
L=L 368
p
+ z e E ’ S
A - S ?t (=6
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L3N

witer e HT i the esporoec velut 0 terjwrature; values of O

ané ®, ., i = 1, £ arc given below, '
29l '

TEIRIPICATIUN OF THE MODEL

405,24

For verification, the randon veriates were tested ror
independences For the scecond order 2R model, the residuals wor-

estimated using equation:

2
T¢ = B~ 621 5,1 Ftes te
=1

From Fige 16y it is clear that the serial correlation:
ve of the estimated random variates are within the 95% couria noe
bande 1In addition, the values of the serial correlations are very

smill showing the indlepoendence of the variates,

: < >y ®5,1 s,z
Kadume 1 2401 345741

2 1472 191%2 0.6z Ca042€
Tkeja 1 1456 58%46  0.4863 6.0811

2 0453 22418

The above prrmdictive mode] wous tested for 19868, Gog-
agreemcnt was found befween the observed and predicted valu e,

(e i 16).

'l
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4.5.3 ATHUSPHERIC ERESSURE

4,5.3.1 CoaAFACTERISTICS

Atmospheric prescurc hés the most consistent chareacter.s-
tice of the three cunslaciea in thls rescar e Althouan the
annual means are different far Ikeja anc Kaduna, the individus.
values for the years arc within a close range. The same conclu-
sion can be reached ror ui variances ani L€ Stancard aevi=iis in
(Taktle 5)e For instance, the mean stood consistently at 1006miwr
in Lagos and at about 939mbars thirouah the periade of study.

Thc standard deviations do not excecd zmiars in Laaos and

1le80mbar in Kadunae

A.5¢302 PEEIODIC VARIATIONS

From the preliminary result of enzlysis, it was found
that there exist a limited number ofi harmonics that can be fititec
to the atmospheric presswe record witharn which one can octail.

a reasorable result. MThis war feunc te ¢ twe beyona whicn

the residual variance of the nun=seascnsl component simply aew
not make sense, How2ver, tie censistency in the annual mear

anc cerncrally the presiure tecore it retflected in the amplituo
and pr.ese angles for the ycerg, whare the rance is smalle. For
the first and the second harmonics, tney are respectively

OeBl = 1493 mbar ana 1e12 = LebU muar in Lavos respectively,

The renge is even smo ler L badunn i
064 = 1,42 and 1420 - o7& mhare As f0r the phiase &anclesg, t:
are located in the fluid and first guadrants respectively for

the first and second rnciimricse HOWLver the two lies in the

T



Considering thc results, not only is it evident tnat tiw
anrlitudes are difierent ror Tkeje ang Feduna, the phase angle:
lie in different quaarante It is necessary therefore that tne
values be determined for any separate station considered.

A test of significence condducted showed that the firsy
twe harronics are 1aACTant accountitg ror over 90% of
receidual variances (Appenaix II)e The importance of these tw
hermonics is corrowmoratec by the result of the spectwral anclys:s

‘N
(Fice 5) in which tue first, sewrnd end _hird frequencies nawve
spectral densities range of 27 -« 25, 16,6¢ = 19,39 and 2,23 -
384 mbar2day/cycle. Othar higher frequencies have values tret
arc less than 1.0 mbcxrzday/qrcle.

The dependent nature of the atmospheric pressure recor s
is also evident from the serial ccrrelaticn coefficients wric:.
are significantly areuater than zerc for lags of up to 50 dave,
Velues as hign a@s 0487 = Le92¢ U 77 = U, UuT¢ = 0474 arc
obtainable for the first tiace lecs in Ikeja and 0.657 - UebBt,

0. 71 - 0.73 and 0,63 = 0,66 in Keduna, The degree of correla-

[}

q.aer than in b.azuane (I'_.CI. 11;.

tions irn Ikeja is rni

8



4.5.3.3 NOH=SLSCT AL VARIATIOND

Trie results in tanle [ snosea U;:Z i weeal 0f the
nor=seasonal residuals are zZero wnille the stangarg deviations
have smzll variations fru: ycar to year. They tena to l.U mpar
and 0,50 mbar respectively in Ikcja and Feduna recpsctively and
are very small (less than 1% of ennual muean) when compared with
observed series.

Tne spectral andlysis on the non-seasonal residuals
uneartr three hidden pericds at (,20, 0.2% and 0.39 cycles per
day in Lagos indicating the weehly etfecte on the data. These
frequencies have spectra 0f 7a75 = 968, 2.29 ~ 2.50 and 4.6z -

”
6439 mbe:‘day/cycle. Tie effect of diurnal variation (fregquznc
of 043%) is comparable w0 the weenly eftect (Fige 14)e Values
for Yaduna are slightly hicher at 14495 = 16467, 1.3% = 2,07
and 7474 - 8,81 mbarzday/cycle respectivelé.

The non-seasonzl reciduals are still highly correlated
judgingc from the serial correlations and ére as high as 0,8& -
090, 6.74 = 0477 and Qebt = (0470 in Kadimz., Tne correlation
i @ bit lower in Lagor iaing Geb3 = Uy, U653 = (1,77 and 0.5% -
Ue71 for lag 1, 2 and ¥ duye respectivily.

kn examination oI the partial autocorrelation coefficients
& of the non-seasonal residuals reveales that € are

kyk kK
almost zero after the U..rd avder for the twe stétions. This

conditior, satisfies the lincar autorecgressive mode)l o! oraer
MR(3)e However, the orcer was considered <o the sixth to see

e effect on accuracye



The result of the linear autoreyg: =551ve model Showed Uiel
the coefficient of determination is hagh being in the range o3
063 = 0,81 and 0.81 = 0,8: at the six order in Lagos and Kadun:
respectivelyes The high correlation at tne thirc ordger couplen
with the additional computational eftorts reguired may make

consideration of higuer ordere worthless. Hence order 3 is

A5 PREDJICTIVC EQUATION FOR ATMOSFHERIC PRESSUREZ

The sole aim of the above discussion is to urderstana 1
behaviour of the various conponents of atmospheric pressure
L]
record with a view to propocing and verifying & predictive moacl.

From such discussions, the mredictivetequation for aumospheric

pressure is of the form:

2
= S'i i /‘.\
" pp + 2 Ci in (2I1it + i)

I
\ 3 <
" 293'1 Bt ¥ Ui (56)
where £ is the day; andi u = the expected value of the

atmospheric prec.urec, Value:s of Cir >\1 and 93,1: i=1,3

are given as follows.

. C. . 8. o B - .
i 3 >‘1 3yd 3,7 63_’3
. . o O
Kaduna 1 1s 2 150734
= 5 O ;
& i8S & 34 1.”9‘:&-"‘ -"CJ-“?.-‘{\ C'.ZJ‘:“’
Tieje 1 1,5 «22%14
N . .0
é 1710 ¢4 16 0.9550 ~0l.3165 0,.1912
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For the u_, the mean 0 Uy nexl tuoec pteCeellny years can =

usede

TeDa3ed VERIFICATICN O Tz MODEL

For equation { 58} to be acceptable as the predictive
model for atmospheric pressure in Ikeja and Kaduna, the ranao:n
variates 21: must oo indepencente For the 3rd order, the

residuels were estinated by equation ( “0):

=g s = 2 tei <
where ht.-—i 0 1 < 1.

From Fig. 17 it is clear that the serial correlatior.
i
of the estimated ranion variates have éi proximately normal c.stg
bution since the £ die within the 95 conticence bands
In addition, the predictive eguation was tested us_ng

the 1988 recorde The result showed that there is good agreement

between the observes wné thc predicted velues (Fige +7 )

4e5.4 SIGNIPICANCE  TO AIk FOLLUTANT FIRTCA STING

Tne pollutan. cubwccutiation @t o Pelnt gowivind od
emission is hignly dependent on the windes peed, temperatur .
atrmospheric pressurce T most imprar tant of these is the vo_i..
grced wich cumee i pre: lreo dy it the saussiarn plumne moae 2,
Anien the plume rise 2o deter imd from Holland (1953) eguaz:o:,

the awverage daily avient temperzture and pressure are

reguirec,
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