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Abstract

This study analyses the spatiaf, diurnal and seascnaal .
characteristics of some climatic parameters within the
urbar. canopy of Ibadan. These climatic parameters are
global radiation, surface albedo, net long wave radiation
and latent and sensible fluxes of energy. The analysis
is based on data collected on a daily basis (0600 - 18C0
hrs. GMT) for one year at twenty stations loccted all cver
the city. Furthermore, twenty-year data (1961-80) on the
characteristics of‘h;xinum and minimum temperatures,
relative humidity and rainfall are analysed with the aim
of analysing the effect of urbanization on climate over
that periode

This study makes a departure from earlier studies which
were concerned mainly with the rural/urban dichotomy ir
.climatic parameters by actually looking into the intra-urban
pattern of the climatic parameters. In this regard the
city surface was classifed into six land use categories
on the basis of their components of buildings, water,
tarred roads, untarred roads, paved surfaces, bare ground,
lawns and trees. The laid-uses identified are 'high density’

built-up areas, 'medium dengity' built-up areas, 'low
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density'built-up areas, ’'cocmmercial' areas, 'open spaces'
and 'rural' areas. These land-uses were usad as the basis
for setting up the climatic stations and explaining resul:s
of the variation in climatic parameterse.

Results of the investigation show that components »>r
radiation and energy budgets vary considerably from the
rural areas to the urban centre. Global radiation values
for the different land-uscs range between 0.62 and 0.64 1y
min~* in the rural surrovndings ts setween 04,56 and 0.58
1y min~T in the urban centre. This shows a decrease of
about 1§%. Albedo mean values rang:= be§Ween 15% and 18%
in the rurszl area to between 8% and 10% in the city cen:re,
“"he new radiation at the urban centre is about 15% highe:
than that at the rural areaj; the mean values for the difrereni
land--use surfaces being between 00,200 and 0.215 ly. min™ -
in the rural ar=2a and between 0,225 and 0.245 lye. min-1 N
the urban centre. Net long wave radiation increases frorm
between =0,21 and =022 ly. min.” ' in the rural area to
brtwean -0,18 and -0.19 1y min~! in the urban centre. Tte
increase in the city centre over the rural area is by abcut
16, 7%

Mean values of temperature urban 'heat island' vary

betwean 1.09C and 1,5°C, and 2.5°C and 3.0°C during the vet



and harmattan periods respectively. The extreme value
of temperature ‘'heat island' is as high as 11377c. " the
relative humidity in the urban cen:re is 6.3% lower than
in the rural surroundings during t e wet season and 24.7%
lower than the harmattan season.

From the temporal snalysis o: climatic data over
a 20-year period, it is iounc that temperature has incrcased
significantly over time. Maximum :emperature increased by
as much as O,7°C._ Rainfall increase over time has also
been related to urban effects., All these confirm that
urbanization is changing the clima:e of Ibadan.

Finally, land-use components and climatic parameters
are correlated and the relationshions between them are found

to be statistically significant at 5% level of significance.
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CHAPTER 1

1.0 INTRODUCTION

1e1 The Dilemma of Climatic Modification

Man's cultural advancement leads to a great deal of

unpleasant changes within the socic=physical environmente.
The process of urbanization is one of thz most unfortunate
and perhaps the most horrible pherniomenoi., <cZoiing from

this cultural advancement. The so-called social and techno-—
logical sophistications of the contemporary world, coupled
with the process of urbanization, resultsin the alteration,
misuse and inadvertent over-utilization of the atmospheric
resources by man. These are done through the continuous
replacement of the highly beneficial and aethestically
pleasing rural green spaces and trees by bricks, concretes,
asphalts, bare grounds and the ejection of various types

of poisonocus pollutants to the atmosphere. These cause

a change from the precious, homogencous country-side climate
characterized by clear air and water to the city's gloomy,
highly polluted, unpleasant, noisy, more heterogeneous

and unpredictable atmospheric condition. The situa-

tions are worse in the tropical areas where cities are

mostly characterized by dreary atmospheric environments
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and shanty layouts owing to planlessness.

Unless something positive is done, the misuse, and
therefore depletion of the atmospheric resources are
iikely to continue, This is so because according to
WMO-(1983) more than one=third of the world's people
already live in towns and there is the likelihood of an
even larger scale of urbanization whereby cities coalesce
into immense continuous built-up areas perhaps occupying
one hundred thousand square kilometres or more and having
total population exceeding one hundred million,

Improvement in technological know=how leads to a
lot of changes within the environment, For example,
sophisticated tools are used to destroy the natural envi=
ronment and inject a great deal of dangerous gases into
the atmosphere. Smith (1975) is of the opinion that man
is becoming more vulnerable to atmospheric hazards because
ofy rather than in spite of, his present'éocial sophisti=
cation and technological strength. This is evident in
the unabated changes and subsequent problems, being
effected on climates by modern tools which have not been
effectively used to protect mankind against climatic
hazards. With the aid of modern technology, man is

capable of installing multitudes of air conditioners
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while cognizance is not taken of their rcsultant impact
on outdoor microclimates.

E*,/Peculiar characteristics of the twentieth-century
urban atmospheric environments include reduction in
relative humidity, evapotranspiration, increases in

noise pollution, air pollution, cloud cover, rainfall

and temperature. Others include hazards like urban
floods, frequent and serious fog (smog) cover, reduction
in visibility on highways, amongst others. Both negative
and positive feedbacks result from these attributes.
Indeed, there is no gainsaying that they have considerable

effects on health, energy, comfort and socio=-economic

% activities of the city dwellers.

For instance, the increase in city tempecrature,
compared with the surrounding rural environments, is
advantageous in the temperate region where the winter
heating bills are reduced but disadvantageous in tropical
areas where the high temperature constitutes the heart
of climatic discomfort. The increase in the total amount
of rainfall would be of some advantage in areas of scarce

precipitation but likely to be otherwise for places where excess ¢
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rainfall disrupts daily activities. Notable urban pollu-
tants like oxides of sulphur, nitrogen and carbon have
serious effects on visibility, the health and comfort of
the city dwellers (Ayoade, 1977).

¥ Climatic modification,through urbanization,is not
limited to the urban areas alone. According to Oke (1977b)
an urban climate can affect areas as far as two hundred
kilometres down=-wind. This means that areas of urban
megalopolis could have their regional climates signifiw
cantly altered through urban effectse

iConsidering the problems earlier enumerated with

respeci. to the inadvertent modification of climate, the
dilemma faced by man arises from the inevitable growth of
cities and activities therein vis-a=vis the peed to
effectively manage the highly valuable éiﬁggpheric
resourcese ¥ This problem of man-environment relationship
could be summarized in the words of pearse, et al (1976)
who stressed the fact that the production of a more
hospitable climate, while minimising the man-made energy
impact is a hey environmental challenge facing mankind.
Understaﬂding the fundamentals of urban climates would
~efinitely go a long way in solving this problem. This

study is a step towards this direction.
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1.2 Rationale of the Study:

This study was chosen in order to help contribute
towards the understanding of the climatic:® conditions
of the fast-growing tropical citiesj; result of which
could help guide against the occurrence of serious
climatic problems resulting from urbanization. These
problems are imminent in tropical areas because of:
(1) the continued misuse and inadvertent over-
utilization of their cities' é%hg:pheric
resources;wl

(ii) rapid growth of their cities as a result of
the influx of rural-urban migrants in
large numbers owing to lack of basic rural
infrastructures; and

(iii) the apparent indifference of the policy
makers which further puts the fast-depleting

resource:s in serious danger.

There is no doubt about the fact that the fundamental
causes of urban micro—climates are yet to be fully
understood, This problem is further complicated by the

poor.knowledge of the variability of climatic parameters
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which could help .in the full understanding of the causal
factors of the urban microclimatic conditions. This scarcity
of information is more pronowriced in cities located in the
tropical and polar regions. Because of this, several people
have emphasized the need for further investigations into the
climatic conditions of these areas. Investigations about
the effect of climate on human settlements in low latitudes
are highly necessary (Jaurequi-C* stos, 1982),

¥Cke (1977b) is of the view that serious, urgent
attention need be focussed on the climatic problems of the
fast-growing tropical cities in order to rescue them from
the sad, serious western experience, The radical differences
between the regional climates of the tropical and temperate
areas dictating the climates of the cities in these areas
further support this call® The WMO is aware of this, hence
the November 1984 Mexico City Conference on the urban climates
of tropical cities. Referring to the work of Nakamura (1967)
on the city of Nairobi as one of the few examples, Ojo (1980)
emphasized the dearth of knowledge on the climatic conditions
of African cities in particulare.

In realization of the fact that cities are one of

the few remaining surfaces awaiting satisfactory energy

balance analysis, Kalanda, et al (1980) and Mabogunje (1981)
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stress the need for the studies of urban ztmospheric
conditions to be able to monitor the changing levels of
pollutione

From all of the above, it is clear that this present
study, which tries to contribute its quota to the under-
standing of the bchavioural pattern of microclimatic
characteristics of a tropical pre=industrial city, wiil
certainly advance our knowledge of urban climatology.
Results of an investigation of this nature¢ will further
enable us compare, effectively, the microclimagtes within
a tropical city with those of other tropical cities and
also the cities of the temperate region. In the process,
the writer becomes familiar with, and exposed to, the various
methods and equipment being employed in the studies of
urban climate in particular and microclimatology in generale
These are the vital inspirations behind the choice of this

studye

1,3 Aims and Objectives

An assessment of the characteristics of the climatic
parameters within the urban canopy of Ibadan, a tropical

city, is the main focus of this work. The detailed objectives
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of the study are tos
(i) determine the city-surface characteristice for
the purpose of knowing the urban textural charac-
teristics which play a significant role i
modifying the climate;
(ii) estimate spatial patterns of radiation and energy
budgcetss
Aiii) examine the spatial patterns of temperature and
relative humidity. and
o (iv) analyse the temporal variations in characteristics

of temperature. relative humidity and rainfall.

From the foregoing, it could be said that the study revolves
around the understanding of urban climatic conditions in
relation to urban surface land cover. Climatic stations
were scteup in accordance with the land-usa patterr, The
land-use pattern also served as a basis for analysing and
describing the climatic data collected.

Climatic conditions within the urban canopy were
analysed as follows:

(i) by explaining the esscnce of the research and

describing the study area in Chapter One, »resenting

the conceptual framework: and the literaturc review



in Chapter Two, and dealing wit!. the method of
approach in Chapter Three;

(ii) through the recognition, in Chapter Four, of the

pattern of city-surface infrastructures which
is fundamental to the understanding of the
surface variation in the exchange of encrgy,
mass and momentums;

(iii) by estimating, in Chapter Five, the spatial
patterns of radiation and encrgy budgets. on
diurnal and seasonal basis with emphasis on the
urban—rural differences;

(iv) following the above, in Chapter Six, is the
analysis of the urban-rural differences, diurnal
and sezsonal patterns of temperature and relative
humidity;

(v) the tcmporal variations in temperature, relative
humidity and rainfall over a period of twenty
years were examined in Chapter Seven. This is
for the purpose of knowing the impact of urbani-
zation on these climatic parameters, and

(vi) the work was concluded in Chapter Eight by
(a) drawing out the relationships between land-us-

building density, aerodynamic roughness of buildiro



and trees on one hand, and the ricro-climatic

parameters on the other; (b) relating the outcomes
of all of the above to the results of similar
investigations carried out in tropical countries

in particular and the other parts of ¢the world in
general, and (c) looking into arcas/nccessary

for future considerations and recommendations as
regards the possible use of the oroject for

planning purposes.

With all of the above, meaningful information about the
climatic characteristics within the urban canopy of Ibadan
is obtained.

The urban canopy.could be referred to as the area below
the building roof level and the ground surface (see Fig. 2e2).
The scope is limited to the analyses of microclimatic cone-
ditions within the urban canopy for three reasons. Firstly,
it is the area occupied by human beings. An understanding
of the variability of the climatic conditions therein
would therefore be of important help to finding lasting
solutions to the serious atmospheric hazards like low~level
atmospheric pollution, human physiologic discomfort and

economic losses accruina from climatic variations. This will
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also aid architects and city planners in their exercisese.
Secondly, the available equipment are only suitable for
the collection of microclimatic data within this level.
To deal with conditions above roof level, it is neCessary
to employ costly and sophisticated means like the instal=-
lation of equipment on tall masts, the use.of radiosondes
and balloons, helicopters and sophisticated remote sensing
equipment, Thirdly, the vailable archival records are

mostly on climatic conditions within the urban canopye
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1.4 Study Area

1.4.,a Location and site characteristics

Ibadan is the study area (Fige 1.1). This.tropical
city is located in the souta western part of Nigeria, Tts
exact location is 7°23'N and 3°54'E. The City is situated
in the forest zone close to the boundary between the forest anc
the savanna. It has secondary bush and derived savanna
surrounding it as a result of human-interference with the
original natural forest.

Oyelese (1970) describes Ibadan as a city of hills
and valleys which lies within an area consisting of
different erosion surfaces separated by zrea of active
erosion and youthful landscape forms. It is located on a
rugged tobography with a central ridge traversing the citye
The hills in Ibadan range in elevation from 160m to 275m
above sea level: Generally speaking, the average elevation
is about 210 metres above sea level. According to Faniran
(1982), despite the fact that they make up less than five
per cent of the total area, the hills are the most striking

features around (Fige 1.2).
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Fig.11 Africasshowing the Study Area, Ibadan, Nigeria.
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Fig.12 |badan, Site Characteristics.
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Rivers Ogunpa and Kudeti drain the built-up area of
the city. They later extend into the drainage arers of
Ona and Ogbere. Rivers Ogunpa and Kudeti are on the
eastern side while river Ona is on the western side of the
city. Tributacies of river Ona include Alalubosa, Oshun

and Yemoja strecamsa

1.4.b Regicnal Climate

The regional climate of Nigeria.as a whole is a
microcosm of that of West Africa . (Garnier; 1957) . which
is characterized by the monsoonal climate. Two types of
winds prevail over the ¢ity. They are the north-east and
south~west monsoon windss The former, because it travels
from the moisture<deficient dusty Sahara desert is dry,
dusty and colder than the latter which acquires a large
amount of moistur~e while passing over the Atlantic Ocean,
route.’ quthwéaét trade wind is harmattan--bearing while
the soufh»wéstfmonéoon wind is rain-bearinges In view of
thése 'their intrinsic characteristics, two distinct

seasons prevail in Nigeria: the wet and the dry.



In the northern part of the country, leciager period
of dry season prevails than in the south. Because Thadan
is situated in the south western part of the country, it is
under the influence of the rain-bearing winds ‘from late
March to October, and the dry north-easterly winds from
November to early March.

Oguntoyinbo (1982b), gave a broad.description of the
seasonal variability of weather over the city of Ibadan
as follows:

1le For a period of four to six wecks by late December
to part of January, the harmattan winds are strongeste.

The period is mostly Characterized by carly morning mist
and high diurnal zange of temperature, due to an absence
of rloud covar,

2. Late February to March when the surface winds are
south~-westerly with north easterly winds prevailing aloft.
There. arc usuélly occasional rains or thunderstorms
and marked increase in night temperatures and humiditiese

3¢ The months of April or part of March to around
July are marked by growth of cumulus cloud and short. sharp
showers of rain, There is potent thunderstorm activity
and generally high relative humidity but small diuvraal

range of tempecratures,
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4, In late July and part, or all of August.- ther=
is low stratus cloud, high humidity and relatively low
and constant temperature with continuous drizzle¢ o
rainfall. This is the period of reduction in quantity
of rainfall giving the characteristic "August break” or
"little dry season"., From this period onwarcds rainfall
conditions are repeated in a reversed order because the
moist maritime air mass retreats and the dry Saharan air
begins to predominate.

5. Conditions from late August to end of October or
early November are similar to (3) above.

6. Briefly, November and early December conditions
are similar to (2) above.

7. At the end of December to early January, the
conditions merge into those of (1) above.

Mean day length of this latitude is 12 hours, ranging
from a minimum of 11,5 hours in December to a maximum of
12.7 hours in June. Maximum values of global radiation
are recorded in April (391 cal cm™2 day-1) while the minimum
values are recorded in August/September due to dense cloud
cover, Mean annual rainfall value is 1262.3mm. In Ibadan
the relative humidity is generally high, with the months of

June to October having daily means of about 86%,
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1.4+sC Socic .economic Activities

A lot of activities teke place in Ibadan. Although
it grew up as an administrative centre; trading and
industry also contributed greatly to the early growth of
the city. It is the most cosmopolitan ci&viin Yoruba land
(Udo, 1982). Business activities are promoted by the
passage of important transport routes, like all road
traffic from Lagos to the Northern States through Abeokuta
and Shagamu which converge on Ibadan before proceeding
to their destinations and the railwav to the northern
states which alsorenders important services to the city.
Ibadan is, therefore, not just a business station for its
immediate region, but alsc for the different parts of the
countiy, including the east.

The central business district (C.B.D) covering an
area of ‘oné hundred and forty—ﬁwo hectares is located
west of the traditional city close to the railway stations
Apart from this, there is also the older market, called
Oja'ba, which is the traditional busihess centre. With
the C.B.D. and Oja'ba, there emerged twin commerciél
centres, Apart from these two major centres, various
trading activities are carried out along the main streets

of the city with several pockets of mini-markets like
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the Oke-Ado, Beere, Agodi Gate, Sango, Mokcla and Ojoo markets.

There are a number of industries like the Nigerian
Tobacco Company, Lafia Canning Factory, Nigurian Bottling
Company, Odutola Tyre Retrezding Company, Africana,
Standard and thc Nigerian Breweries, Sanyo Electronics
Plant, Leyland Motor Assemblying Plant, among others,
Small scale industries are also numerous.

Numerous intra=city transport woutes linking and
fuelling the various business activities wuxiste. According
to Filani and Osaymwese (1979),-the average daily traffic
along various routes range.from less than 8,000 in some
areas through 8,000 - 104000 to 15,000 along otherse
Resulting from this heavy traffic is the emission of smoke

that pollutes the atmospheres.

lo4ed ChoicCc and Suitability of Study Area

Many reasons account for the choice of this
African city as the study area. These qualifying factors
range from those that have to do with the intrinsic
attributes of the city to those that could assist in the
carrying out of this project. The reasons are as follows:
1le The city with an estimated population of 1.8

million (Ayeni, 1982) is regarded as the largest truly
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indigenous urban centre in Africa south of the Sahara,
Its urban characteristics are like an amalgam of tradi-
tional and mcdern types. The study should thererore
provide some useful information that could, advance
knowledge about the relationship existing between land—
use characteristics of such cities. and their atmospheric
conditionsa

2 : Ibadan is a tropical city and there is
the need to know more about the microclimatic rconditions of
cities in this part of the world.

3. Several information on the site characteristics
of Ibadan, that are important to this investigation, are
more readily available for the city as compared with those
existing about many other Nigerian towns and cities.

These include: (a) topographical maps of Ibadan published

in different scales viz, 1:100,000, 1:63,260, 1:50,000,
1:12,500 and 1:1,250; (b) recently flown aerial photo-
graphz of scales 1:25,000 (1974,75) and 1:12,500 (1977) which
are available to update the informatioq supplied by those
flown in 1965 (scale 4:40:00n)., Air photoyraphs are
important sources of information about the cultural
characteristics of any areaj; (c) several studies from

which materials could be gathered for this rz2search have
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been carried out on the physico=human attrilutes o *%he
site. They include the works of Mabogunje (1962, 1968),
Akinola (1966), Oyelese (1970), Akintola (1974), Ayeni
(1982), Faniran (1982), Oguntoyinbo (1982) and Udo (1982)
amongst others.

J¢ 4. The appreciable size of Ibadan metropolis, which
is about -*wentv five kilcmetres in diam~ter
makes the design of an urban-oriented experiment reason=-
able.J/

5 The familiarity ©f the writer with the city
which was envisaged would,and did, enhance both the
choice of experimental sites and the whole process of
data collectione

é. Prcximity of the site to the Department of
Geographys University of Ibadan, from where the research
was carried oute This aided easy consultations with the
Department for expert advice,

7« Having known a lot about the regional climate
of Nigeria as a whole and considering the phenomenal
growth of the Nigerian urban centres, a detailed study of
the microclimates of the important towns and éities

like Ibadan is undoubtedly a worthwhile exercise.



CHAPTER 2

2.0 THE BASIS OF URBAN ngﬂATﬁsz LITERATURE
REVIEW AND HYPOTHESES.

2.1 The Basis of Urban Climates

2.1ea Scope and Extent of Climatology

The supply of solar radiation to any place on the
earth's surface is the main determiacnt of the charac-
teristics of its climate. Diurnal, se:scnal and annual
variations in atmospheric conditions are mainly caused
by the fluctuations in the receipt of radiant energye.
Variation in the supply of radiant energy combined with
the non-uniformity in surface physical conditions is the
factor causing spatial variation in climatic condi-
tionse

Spatial uniformity in climatic conditions could be
broadly identified at three differént levels as exemplified
in Fige 2¢1s There are macroclimate, mesoclimate, and
microclimate, Macroclimate, is global climate and it is
the broadest.of the three classifications. This, according

to Malone (1951), is the case of the important climatic

phenomena at the global levzl . Examples of these are the mass
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energy transfer from low latitudes where there is surplus
to high latitudes where there is deficit, the upper-air
movehent of the Rossby waves and jet streams, hemispheric
variation in day length and period at which sun is over-
head and so on (Fige. 2.1).

Mesoclimate or regional climate is the climatic
condition within a defined region, essentially having
some important climatic phenomena in common. 0Ojo (1977)
defined it as a fundamental unit of climate within an
area or a subw~regions. The areal extent starts from
beyond 10 km2 and 50m above the ground level, Regional
weather phenomena like the monsoons, tropical and extra-
tropical cyclones and anticylcones operate at this level,

Microclimate is the branch with tne most limited

scopes According to Munn (1966) it is tiae atmospheric

condition within 1imited areas, say about 10 k%

and below 50 metres above the ground surface. Local
weather features like katabatic and anabatic winds, land
and sea breezes, humidity, visibility. cloud couxer and
rainfall are features of microclimates. Microclimate is
a function of surface characteristics. Urban climates
fall within the scope of mesoclimates. At the local

level, an amalgam of surface features like vegetation
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cover, drainage, relief and numerous man-made cultural
features and their activities, all combine to modify the
regional climate to form pockets of city climates all
over the earth's surface.

Urban atmosphere could be classified into two cate-
gories, viz, urban boundary layer énd urban canopy
(Fige 242)e The former is governed mainly by processes
acting at a microscale within the city structure. Oke
(1976) defines urban canopy as censisting of the air
contained between the urban roughness elemoents, mainly
buildings. The upper boundary of the urban canopy is
likely to be imprecise because of the nature of the
urban surface. The depth of this layer may be a function
of wind speed), - shrinking as stronger air flow allows the
influences from above to penetrate.

The urban boundary layer, according to Oke ond Bast
(1971), is a local or mesoscale concept referring to
that portion of the planetary boundary laver whose
characteristics are affected by the presence of an urban
area at its lower boundarye. Its top is commonly capped
by a temperature inversion giving some correspondence

with the upper 1limit of urban pollution.
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To make the basis of urban climate very explicit,
it will be necessary to begin with a discussion on solar
radiation which is the main source of enszrgy for the earth-

atmosphere system.

2.1eb Radiztion and the Principle of Enecrgy Conservation

The sun is the primary source of energy to the earth.
Solar radiation is regarded as the most important of all
meteorologic elements because. it fuels the gencral circu=
lation of the earth's atmosphere; it is the scle means of
exchange of energy between the earth and the rest of the
universe, and the basis of man's day-to=day activities,
This energy is transmitted through the atmosphcre in the
form of electromagnetic waves. The input (over 95% of the
encrgy utilized on the earth) is in the form of short-
wavelengthy 0,15 = 4,0 microns (Fig. 2.3). It ic the
differential receipt of this radiation in different parts
of the world at different times of the day and year that
leads to spatial, diurnal and seasonal variations respec=
tively, in climatic conditZons.

The radiant energy intercepted by tne earth undergoes
different effects. It could be reflected and scattered

back to space, or in th: alternative be absorbed by clouds,
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dry air molecules, dust and water vapour or by tiic earth's
surface itself (see Fig. 2.1). The amournt available for
utilization on the earth-—atmosphere interface is univer-~

sally represented by the radiation balance equation:

Rn = (Q +g) (1 = 3a) = L* comie= 2,1
where Rn is net radiation, Q is the direct beam of the
solar radiation and q the diffuse beam solar radiatione
If (Q + g) is the total amount of energy transmitted
through the atmosphere, and (Q + g)a is the amount that
could be reflected back invwhich case a is the albedo or
surface reflectivity, then (Q + q) (1 - a) is the total
amount left for absorptione
A subtraction of the effective outgoing leng wave
radi-tion L* which is the difference between atmospheric
counterradiation Ly and terrestrial radiation La
(L* = I = Li), gives the amount left on the surface
for utilization or net radiation, that is, Rn.
The manner in which Rn is utilized on the surface
could ‘be represented by the e¢nergy budget equation:
R =2 (LE + H 4 G + 8P e Vnld
where LE is the latent heat flux, H the sensible heat
flux, G the flux of heat into the ground, and AP the

energy utilized for photosynthetic activity.
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Equations 2,1 and 2.2 represent what oktains during
the day. At night, the situation differs (Fig. 2.4),
There is a net loss of radiation by the surface, .balanced
by the upward flow of heat through the ground, downward
flow from the air and on some occasions from condensatione
The primary source of radiation at nightis the outgoing
loeng wav.e radiccione.

The principle of conservation of znergy, which states
that, all ganins and losses of @nergy at the earth's
surface must balance, could.be’ applied tc the equations
2,1 and 2.2 with the former representing :znergy gain and the
latter energy loss, From this, another equation could be
written as

(Q +q)(d-a) =L* =LE +H + G +4P =eee (2,3)

Different components of the foregoing equation vary over
space and time, The attempt to understand the microclimates
of an.area therefore revolves around the direct and indirect

estimation: of these components,

2elec The City Surface, its tnergy, Mass apd Momentum

The inadvertent modification of ‘natural', homogeneous
climate to city's heterogenous types through urbani-

zation makes the atmospheric environment difficult to
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understand. Indeed, the nature of various surfaces and
materials in cities constitutes a formidable barrier to
numerous and different attempts made to understand the
processes that generate the parameters or urban climates,
This problem is more serious for tropical cities
which are mostly unplanned with their complex microgeo-
graphy characterized by:
(i) Dbuildings of different sizes with different
orientations, materials and irragular spacingss
(1i) streets and sidewalks of different widths,
connected irregularly:
(iii) etanding poole of highly pelluted water.
rarks and 'gardens at random locations and,
(iv) pecliutants of different types and concentram
tions, at levels and extents tha* are difficult

towpreaict,

According to Oke (1977b) within a region where the
supply of radiant energy and precipitation and the effects
of weather systems can be considered to be approximately
the samey the developmeni of distinct, small-scale climate
is the result of the unique mix of surface and atmospheric
properties possessed by a specific site (Fig, 2.5)s These

properties control the direction and the amount of snergy
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and mass channeliled through the systeme. In the words cf
Pease, et al (1976) the nature of the urban surfacsa
controls the magnitude and partitioning of energy at *hn-
earth's surface~to~atmosphere interface. There is a
manner in which the regional climate is modifled to the
characteristic urban type. This is through the changes
brought to the radiative, moisture, aercdyrnamic and
thermal properties of the envirconment.

The change from rural Ltype to city surface properties
brings about a radical change (din values of the componen:=
of radiation and energy balance =quations. Moreover,
there is the addition of ‘heat tc the city atmosphere virs
artificial sources like automcobiles, neat >f metabolisn.
domestic scurces and industrial chimney. This is known

as the anthPopogenic heat. It increases the amount of

energy available for use. Atmospheric pcllution nlays
a formidable role in modifying the city's aitmosrh- - ..
(Atwater, 1971a, 1971b and 1975).

Within the city, there is generally a reduction, by
pollutants, in the amount of (Q + g) received by about
2 - 10% (Oke, 1979) but the general decrease in the
surface alpedo, because of the relatively darker surface

coupled with the protective effect of poliution veil ove.
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the city reduces the amount of energy (Q + g)a thrown
back therefore leaving more of (Q + q) (1 - a) for
absorptione.

The incoming atmospheric counterradiation L% is
increased by pollution veil while there is little or no
change in the outgoing terrestrial long wave radiation
L? . There is a decrease in the effective outgoing
long wave radiation L* due to:

(i) increase in incoming atmospheric counterradiation,

and

(ii) reduction in sky view factor by canyon geometrys

The caenyon geometry also contributes to increase

in net radiation by absorbing more of the

short wave radigtion.

On the'citv hydrology, the surfaces are concreiized = &
thercfore are less impervious than the rural ~anvironmentse.
Thz 'w.is channelling of water into sewers, which leaves
little water on the surface for evaporation except
imhediately after heavy.dewnhpours. A lower zmcunt 2% energ
is therefore utilized for evapotranspiraticn (LE) while
more is converted to sensible heat (H). This means that
the urban temperature is increased compared to that of the

rural environment. The higher city temperature is generally
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referred to as "urban heat island" effect.

The amount, frequency and intensitv of rainfall is
increased in the city. Huff and Changnon (1972) advanced
the reasons for these characteristics: (i) atmespheric
destablising from the output of the well-established 'heat
island'; (ii) modification of microphysical and dynamic
process from industrial discharge; (iii)’ increase in
low=level mechanical turbulence from urban-created
obstruction to airflow, and (iv) modification of the low-
level atmospheric moisture sontent-by addition from stacks
and towers along with changes in natural evapotranspiration
processes in central jurban arease.

Aerodynamic characteristics of the city are such
that regionzl low windspeeds are accelerated while the
regicnal high windspeeds are decelerated; the former
because of its turbulence teondency and the latter owing
to the.frictional effect. In most cases this turbulent
behaviour makes the predicticn of energy and mass transfer:z
within the urban canopy and boundary layer a difficult
exercises Turbulence in the urban air is as a result of
individual eddies created mostly by buildings and vehiclese.
The city also acts as a single block. thcrefore exercising

formidable frictional effect on high-velocity regional wincs,
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"Urban ‘theat island' effect is a well-=known attribut~
of urban climatese. Its ma,or causes are identified hy
Bornstein and Oke (1979) as: (i) anthropogenic heat ZSrom
building sitess (ii) greater absorption cf shert » /s
radiation due to canyon geometry; (iii) decreased outgoing
long wave radiation due to reduction in the sky view
factor by canyon geometry =2nd the effect of pollution
veil; (iv) greater daytime sub=surface heat flux due to
thermal properties of building materials; ‘v. greater
sensible heat flux due to reduced heat flux from removal
of vegetction, and (vi) conveyance of sensible hea* flux
due to a reduction of windspeed within the canopy. These
factors retard the nocturnal cooling of urban surfaces
between sunset and mid-night, therefore affecting both the
city's vertical and horizontal temperatures. This has .
been proved by Duckworth and Sandberg (1954) and Fowler
and Sandberg (1954).

In sumrmary, the major factors controlling the
climatic properties of an urban system could be identified
as presence of pollutants, replacement of rural soil and
vegetation with paved surfaces and buildings, roughness
of the surface and the poor permeability of the urban

ground to watcre It is <y, cemplex intevs:t-ome
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between these factors that accounts for the variability

of urban microclimates. The results of these are the
increases in net radiation, sensible heat flux, cloudi-~
ness, rainfall, temperature, reduction in global radiation,
albedo, evaporative heat flux, nelative humidity,
sunshine and imp-aired visibility in the City compared with
the country-sidz. All these also lead to a temporal impact

the city growth; en climates - {Chandler, 1964).

202 Literature Review

The desire to learn more about the fundamentals of
city climates has generated a lot of literature on urban
climate since the-19th century. Pioneering effort,
according co Chandler (1970a), was made by Luke Hoyard
(1818) who tabulated temperature cdiffercnces berw-en
London and the surrounding country-side in 1909. Reports
of Chandler (1970p), Oke (1974, 1979) and WMC (1970) put
together, reveal the increasing attention of scientists
to the characteristics of city climates over the yearse.
Contributions within the past two decades are particularly
phenomenal,

Although investigations have focussed generally on

comparing the climatic parameters of cities with those of the
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surrounding rural environments, majority of the works
done to dateharc on urban-rural tempggature disparity,
that is, the wurban 'heat island' intensity. In fact,
the study of urban 'heat island’ h%s become synonymous
with urban climatology (Terjung and Louie, 1973)« Other
branches like¢ . the studies of cloud cover; precipitation,
sunshine, evaporation, atmospheric vapour content and
pollution, radiation and energy balances and airflow are
also receiving attention. To enhance a meaningful under-
standing of the past contributions as related to this
research, the review will be in three stages. Firstly,
it will look at various. approaches to investigations,
secondly, some important contributions, will be examined

and finally we shall discuss areas that need urgent

attention.

2.2.a Approaches to Investigation

Over. the years, there have been changes and improve-
ments in the approaches to prol'lem=solution in urban
climatology. There has been a progressive shift from the
erstwhile descriptive approach deficient of quantification

to the contemporary highly quantitative technique which
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makes use of very sophisticated equipment to amass and
analyse datae. The reasons for the changes are not far-
fetched: firstly, improvement in technology which has led

to the manufacture of more sophisticated equipment; secondly.
the development in numerical models and statistical techni-
ques in physical sciences, and thirdly what/Terjung, et al
(1970) regard as modern viewpoints "which.indicate that
climates owe their individuality to the nature of the flux
of energy, matter (e.ge mcisture, COZ) and momentum between
the interface of the ground canopy,; or epidermis, and the
atmosphere’, For the purpose of this review, two approaches
can be identified, vizi{ traditional and modern.

The traditional approach, which dates back to the days
of Luke Howard and.persists to date, basically involves the
acquisition and description of data on climatic elements
collected either- from a network of climatclogical stations
or from automebile traverses. The modern approach on the
other hand, in addition to the meteorological observations,
pays more attention to the surface emissivity and asrodynamic
roughness, amongst others, with a view to estimating properl:-
the net radiation and energy balance components which are

seen as the basis for microclimates. This approach thererfor:
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providzs satisfactory explanation about the variability of
climates over urban arease.

Comparison of urban and rural data on *emperature,
relative humidity, rainfall and windspeed and direction
occupies the realm of the traditional approach. Owing to
insufficiency of weather stations, urban and rural
airports records are, in most cases, anal¥ysa for the
description, Ocassionally, a network of =temporary
stations is set up over the urban metropells to enhance
arrival at more concrete conclusionse For diutrnal
analysis, researchcrs often employ assis*ant:, t>c=itioned
at strategic locations in, the city and the rura’. areas,
for full day recording/of temperature and huridity. Tais
mode of data collection may be repeated at intervals 1
of weeks or months for effective compariso~. Pecrheps
the most interesting aspects of the traditvional method are
cases wher¢ automobile traverses are carri-=d out <
supplemént-data from either temporary and/or perm:ient
stations. Depending on the available financial and
manpovier resources, the strategies enumerated zbove
could be employed jointly or severally.

Equipment used in the traditional approazh are

generally the ones installed in the climals obsorvahory
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stations. They include the simple wet and dry bulbs,
maximum and minimum thermometers, thermohygrograph,
rainguage, wind vane, cup counter anemometer, sunshine
recorder, Gun Bellani net radiation integrator and
evapotranspirometer, amongst others.

Unlike the pioneefing automobile traverses which
basically involved the mounting of temperature and humidity
equipment, contemporary ones add other eguipment like
the net radiometer, solarimeter and albcedometer for the
recording. of net and global radiations and albeds
respectively. The group involved in gp automobile traverse’
stops at strategic, specific locations for rapid recopting
of climatic parameters in cases where the vehicle is not
equipped with an automatic recorder. To and fro journeys
along the same route across the settlement from one rural

. to another are also vital to make the information
collected very meaningful. The journeys are planned in
such a way that they do not last more than about ninety
minutes in order to forestall the introduction of error
from glaring temporal changes in the regional weathere

Introduction of radiation and energy budgets analysis

to the urban surfaces was the beginning of modern approachwhich

dates back to the nineteen fifties. Information on the components
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of equations 2.1 and 2.2 (excluding &P in 2.2) are
collected from the urban and rural environments mainly

via antomobile traverses and remote sensing techniques

(for example sce Bornstein (1975) and Rao (1983)).

These are interpreted in relation to the urban surface
characteristics. In some cases mathematical models are
evolved, using information collected on surface parametersg
and atmospheric conditions as inputs. Generally speaking,
the modern approach is more diverse as more pcople see

the same problem through varying spectacles of methodologye

Works done by Duckworth” and Sandberg (1954); Landsberg
(1956a) ;3 Chandler (1962a, 1965); Oguntoyinbo (1973, 1982);
Unwin (1980) and Nkendirim (1976) exemplify the traditional.
approache Their warious researches involved gathering
and describing climatic data.

Working on the effect of cities upon horizontal and
vertical. temperatures in San Francisco, Duckworth and
Sandberg (1954) carried out observations at 2-meter
level with automobile-mounted thermistor, and vertical
temperature gradients' in the lowest 300 metres with
fadissondes, Ihese were measured simultaneously at ‘the

urban centreand the rural veriphery. The results revealed th

temperature irncrcased from open field to the city centre.
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Landsberg (1956a) gathered various climatic data
from various American cities. From his result, he con-
cluded that cities affect important meteorological
variables like temperaturce, radiation and rainfall., He
emphasized the impact of pollution on these parameters.

The work Ch~~dier 71965) ‘i’d on the city
of London is another very popular example of the tradi-
tional approach, In an attempt to desc:ibe its (London's)
climate, he gathered archival data from several weather-
recording stations in addition/ to warious day and night
automobile traverses carried cute. Simpie statistical
analyses were performed on.the data to bring tnzm into
meaningful arrays for descriptive purpose. He was able
to group London into different climatic regions after
describing conditions of wind, state of atmospheric
pollution, variations in radiation and sunshine, tempera-
ture, evaporation and humidity, visibility, cloud
amount, and precipitation.

Hage (1975) worked on the urban-rural humidity
differences in Edmonton by analysing archival airport
data gathered over thirteen years. ‘His own method mainly
involved an analysis of the existing climatic data at

suitable, comparable locations.
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“Niecuwolt (1966) worked on the climate of Singapore,

a tropical citye The investigation was conducted at weckends
with the assistance of students. In this case, they
were equipped with the simple whirling hygrometers,
positicned at strategic locations in the citye. <The results
were also combined with those from airport stationse
Impact of urbanizétion on temperature and humidity in
Singapore was established through the description of
the average datae

y  Oguntoyinbo (1973) worked on ‘the impact of urbani-
zation on the climate of Ibadamy another tropical citye
School teachers on Workshop, studcnts and laboratory
assistants helped in collecting climatic data for this
exercises They used simple thermohygrographs and whirling
hygrometerse Thé method involved gathering of data on
temperature and relative humidity in transect forms
across the city . during the daytime, Thermohygrographs
were also installed in traditional and modern houses to
know their (houses') different effects on climate. All
the results were complemented by data from the airports

and other agrometeorological stations.
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Nkendirim (1976) also worked on the climate of a
Canadian city through the consideration of relative
humidity and temperature characteristics, The approach
is similar to cthe afore-explained ones which involve
simple measurement, averaging and description of Climatic
datae

On contemporary approach, a well-knocwn method of
microclimatic investigation sprang up from the work of
Halstead, et al (1957) who designed a computer programme
for the investigation. The approach, which was improved
by Myrup (1969) and latter fully develop=c and tagged
Climatic Simulator Model. (CLISIM) by Goddard (1971) »
describes the various/microclimates in an urban region
by using the energy balance approach, This is done by
combining the information gathered abou® the microclimat:
of the city as @ single entity with those collected on
surface reflective, absorptive and emissive characteristics.
In the'endy; the microclimates are simulated.

Morgan, et al (1977) employed CLISIM to investigate
the various microclimates of Sacramento, Californiae. The
study revolved around the estimation of the various
components of equation 2.2. To solve the equation,

meteorological conditions such as cloudiness, atmospheric
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turbidity, sun angle, air temperature, humidity and
windspeed at reference height as well as tempcrature at
the bottom of thermally active substrate layer were
specified. Values of the interface parameters such as
albedo, emissivity, moisture property and roughnhess
length plus the thermal conductivity of the surface were
known. It was with the aid of these characteristics

that various microclimates were delineated. The calcula-
tions of energy balance yere done by land-use categorye.

A more simplified dzomonstration of the energy
balance analysis abounds in the works of Fuggle and Oke
(1968), Yab and Oke (1974), Terjung (1969, 1970), Nunez
and Oke (1977) and Terjung, et al (1970). Their method
involves a compilation of data on amounts of global and
net radiation, ground heat flux, actual surface tempcrature,
terrain radiant temperature and dry and wet bulb temperatures,
with the aid of relevant equipment. With this approach
different climatic data were amassed from which micro-
climatic conditions were described.

Compared with the traditional approach, the modern
approach employs highly sophisticated, costly equipment
which are too expensive for moét research organizations

to afforde In addition, the fieldwork is expensive.
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The fieldwork of the traditional approach is always

more time-consuming and energy-=sapping. Generally speaking,
although the modern approach seems to be more sophisticated
because it produces the desired results by tackling the
fundamental couses of urban microclimates, it is however
often employed together with the traditienal approach for
the attainment of better information about the atmospheric
environment, In fact, the tools used by local climatolo-
gists have been basically limited to standard climatolo-
gical records from stations established primarily for
synoptic purposes and, dn some cases, to mobile surveys

of temperature and humidity (Jauregui, 1984). This means
that most contemproary urban climatology studies employ

the traditional approach to investigaticne

2.2oeb Resulis of Some Investigations

From the numerous researches conducted so fir; a lot
has been said and known about the urban atmosphere,
particularly in the middle latitudeses As earlier noted,
areas in which investigation hav: focussed mestly are on
urban-rural temperature disparity, that is,; the ‘urban
heat island' intensity, relative humidity, clouds and

precipitation, atmospheric pollution, radiation, energy



and moisture balances and windspeed and directiones The
earlier detailed surveys of urban climateclogy carried
out by Chandler (1970r), Peterson (1971), Oke (1974,
1971 o=nd 1979) and Bornstein and Oke (1974) form the
essential bases for this brief account of some aspects
of the city's atmospheric conditions,

There is no doubt about the fact that a lot has been
written and known about 'heat island' efiect of cities
which is clearly the most documented aspect of urban
climatologye Information about this is mostly oObtained
from temperature data of urban minus rural values
(i.eey Tu-r) in relation £o windspéed and direction.
Several information of this type have revealed a &
lot about the dynamics of the 'heat island' intensity.

The time 'heat island' attains its maximum intensity
and its walues vary froh place to place. For instance,
Oke and Maxwell (1975) put this time as 3~5 hrs. after sunset
in Montreal Vancouver., Hage (1972a, 1972b) puts this
at 3=4 hours azfter sunset in 2ll seasons in Alberta. The
value of the highest inténsity is more variable, While
the findings of Duckworth =nd Sandberg (1954) in Sacramento
reveal a magnitude of ~bout 4.49°C, those of Helmut

Landsberg (4979) show. 2 maximum intensity of 8.0°C



in the densely built-up town centre of Columbia, Maryland,
Heat island has been found to decrease with cloud

cover,and high windspeed. It has also been proved that

it varies with city size and population. Oke (1973)

related the value of maximum surface heat island intensity

to population figure for ten settlemcnts whose population

ranged from 1,000 to 2 million in S5t. Lawrence

lowland in Canada, obtaining the equations

ATu=r = 0,28 Pl/4
U'_L ------- (204)

Where O8Tu~-r is the 'heat island' intensity, P is the
population and U, the windspeed. He also shows that the
abscolute maximum value of ATu-~r for any city is related

to the log of P.,and has a value of about 2,5°C for cities
with population of 1,000 and 10.2°C for cities with one
million persons in North Americae.

Relative humidity is believed tc be loweired by
urbanization because it decrewses with increasz in
tempéerature, Analysing data collected with the aid of
wet and dry bulbs thermometer or the psycnrometer,
Chandler (1965, 1967), Nieuwclt (1966), Ackerman (1971),
Oguntoyinbo (19273) Nkendirim (1976, 1977) and Hage (1973)

worked on relative humidity of urban areas.
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According to Hage (1975) perhaps the most comprehen—
sive survey of city's effect on atmospheric moisture
has been given by Ackerman (1971) who assessed a 20-year
hourly dewpoint in Chicago. He found the city to be
moist at night and dry by day relative to the surrounding
country=-sidee

Comparing a 13=year record for Edmonton, Hage (1973)
finds the city to be dry in summer &nd moist by mide-winter
relative tc the country, urban absolutc numidities were
lower by day but higher at night than those ir the country
in the warm secson. In winter, both relative and absolute
humidities were higher in the city be~tuce of mixing and
combustion sourcese

Chandler (1962b, 1967), working in Leicester also
finds the night time absolute humidities to be frequently
higher in eities than in the near-by country. Nieuwolt
(1966), Oguntoyinbo (1973), Jaurequi (1982) and Maejima,
et al (1983) worked in tropical areas. The results of
Nieuwolt show the rural airport relative humidity to be
higher than that of the town by about 20% in sSingapore,
summaries of Cguntoyinbo's findings for Ibadan show
a 7% day time lower city humidity. Maejima, et zl (1983)

worked on rzcent climatic chznges in Tokyo and environs



Over 100 years (1830-1980). They focused on description
of temperatures, rainfall and water vapour. Their rosults

show an increase in January and August maximum tempceratures

and number of drizzle dayse. It was discovered that there
was on the whole a temporal change in temperature charaCe
teristics over Tokyo owing to urbanizatione Like cities
in other climatic areas of the world, tropical cities are
regarded as having slightly lower absclute and relative
humidities than the surrounding rural arease.

It is rather difficult to isolate the impact of towns
on cloudiness and rainfalle. Results of various findings
have however shown a considerable effect of urbanization
on these two paramcters. After compiling series or reports,
Landsberg (1956a) “arrived at the conclusion that cities
have 5~10% more cioudy days than their rural environmentse

Changnon (1969, 1971) shows from his report on the
findings in the United States that there is an apparent
increase in annual rain days and precipitation to the
extent of about 5-16% and an increase in thunderstoms to
the extent of 7-12%, Huff and Changnon (1972) working in
Ste Louis, United States also found out that there was

an increasc in average summer rain by up to 6-=15%.
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Components of radiation wnd energy budgets have not
attracted much literature compared with other arease.
According to Oke (1979) global radiation is about 2-10%
less in the city bec:use of the effect of pollutants,
Observations of both direct and diffuse solar radiation
over Ste Louis by Dabberdt and Davis (1974) yield a 19%
urban decrease., There are also increases n values of
outgoing lonyg wave radiztion and incoming atmosphuric
counterradiation. Net radiation-is greater in cities.

! Ci£y}é influence on airflow is enormous.
Urﬁgnization has an inpact on the boundary layer turbu-
lence (Bowen and 12217 1970). Landsberg (1962) gives the
annual mean decrease in windspeed as 20-30%, extreme
gust 10-30% and an increase in calms by 5-20% compared
with rural environments. Chandler (1965) also noted that
the velocity of wind is increased within the city if the
regional wind is about 5m seg1 or less. Extreme gusté are
lower in the city by 10 to 20% while calms are more by

5=20%e

2+42e9 « Progress in Urban Climatoloqy

From the above review, it is clear that so many
things are known about the states of various urban

environments, Emphases have been placed on urban-rural
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differcnces in climatic parameters to the detriment of
urban~=land=cover=climate relationship. Lack of.enough
weather statione in most urban areas, the inadequacy of
highly sensitive equipment, lack of research fund, and
shortage of personnel constitute formidable barriers
besetting research progress in arca of wurban climatology,
thus retsarding a speedy undcrstanding of the dynamics of
city climatess,

The problems are more serious in the tropical and
polar regions where according to Uke (1977b), special
attention need be focussed so that their fast-growing
urban centres will not repeat the mistakes of those in
the temperate latitudes., Indeed, majority of the important
studies have been carried out in the temperate countries
when compared with the tropical, and African countries
in partictular, where the identified problems above are
more serious,

It is also clear from the survey that despite the
various efforts geared towards understanding the city
microclimates, the application of the cnergy balance
studies althougnh just featuring in the literature is a

more effective methodclogy for urban microclimatic



=55

studies because an energy balaonce approximaticn shows

the ways in which the available net radiation 1is being

utilized over the various surfaces,

In short, the dearth of knowledge in ugbhan climatology,"

which is evident from the review could be summarized

\

as follows:

1,

2e

iittle emphasis has been placed on the impact

of surface texture on climatic parameters.
Instead of concentrating on an analysis of urban
climate,  wusing the land-use components that
generate climatic variability =as the bases,

most investigations ara carfied out without
detailed analysis of the city surface texture,
therefcre making arrival at meaningful conclusion
difficulte In the earlier stuaies the general
practice paq been to compare data from urban

and rural airports;

necessary information on the prevailing climatic
concditions of most tropical cities is still
relatively scarce., Because of the lack of
fundamental kioowledge about the atmospheric
condition of these cities, it has not been

possible to take into consideration =
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‘he important microclimatic inputs in

planning of some cities and,

sesonal variations in 'heat island' intensity,
atmospheric humidity and components of radiation

and energy balance equations are not well documented

for most tropical citiese



CHAPTLR 3

3,0 ' MATERIALS AND METHODS

3.1 Choice of Parameters

In order to consider the issue of urban-rural
dichotomy in microclimates, the city was viewed from the
"holistic™ point of view; an entity within which complex
heat--exchange activities take place., Solar energy
received in the 'holistic! city is subjected to various
uses by the highlyheterogeneous surface. On the other
hand, the climates of the surrounding rural areas depend
on the rather heterogenecouws aurface. Because of these
reasons, two categories of parameters are taken into
consideration. These are, the city surface textural
components and those related to climutic conditions,

Having an insighpﬁ;pto the gengra} characteristics
of diffcerent land=-uses in the city is very important
beczuse, “as eafliéfeﬁpﬁasized, the urban su;face texture
essentially determines the behavioural patterns of its
microclimatic conditions: as for climatic conditions, data
aré collected on radiation and energy budgets, temperature,

relative humidity and rainfall. An analysis of radiation
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of radiation and cnergy budgets is very important because
it forms the basis of any microclimate and it is therefore
vital to the understanding of the variability of an urban
climate. Temperature and relative humidity are considered
because they are important parameters used in determining

the state of human physiological comfort.

3.2 Sampling Procedure
The problem of data collection over the considerable

areal and time extents was solved through the selection

of samplese Sampling techniques were employed in the
coliection of two categories of datas city surface texture
and climatic parameterse. Clty surface texture in this
oroject raefers to the different land surface characteristics
like building, roads, water, trees, lawn, bare ground and

paved surfacess

3s20a Landwuse Samples

Land=-use maps of Ibadan were consulted (Oyelese,
1970 and Ayeni 1982) in order to delimit the different
categories of land=uses within the city-surfaces. Using
the maps as the main source, the land-use categories
were later ascertained and further modified from mosaics
of aerial photographs flown between 1975 and 1977 by the

Federal Surveys, Lagose. Building densities
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of different land-uses were estimated. Results of these
analyses were complemented by fieldwork. Based on the
estimated building densities end the areal extent.of

each land-use (Table 3.1), the number of samples for the
analyses of city surface texture was determninad. Approxie
mately one-third of the total area of ezth land-usc type
wis markKed for the city-surface texture analysis.

In order to select sample sites for the determina-
tion of roughness length, sampling aceas were subsequently
sub-divided into 1 km2 grid cells. Considering the
enormous size of cachcell and the extent of detziled
analysis needed to be accomplished, building samples
were chesen, using tablsz of random numbers, from the
grid cells, /This was done by uniformly taking into
considerstion 10% of the building density in each zone
excapt for/ the land-use with building densities less
than 100 buildings per kmz. In such cases, total values

of building densities are considered (Table 3.1),

3.2ob Sample Site Selection

It became pertinent to resort to sampling beccuse
it was impossible to collact data over many spots

in the citys and also incorporate all the available
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Table 3.1

Land=uses of Ibadan Metropolitan Area

Land--use lArea in hectares | % of total | No of Building
‘ City Samples
1, High density 5 125968475 - 29548 800
Residential ! I
2, Medium Density % i
Residential 2,812,50 Cad 450
3. Low=density Resi-
dential 6,406.25 14.6 160
4, Educational 1,562.50 3.6 120
5 Medical 159,00 0.4 30
& Thured 4,343,75 1140 74
7. Agricultural 1,250,00 ‘2.8- 43
8¢ Industrial 7,500.00 17.1 380
9. Commercial 150425 0.4 180
10s Acquisition 5,4625,00 12,8 80
11e Open space 625.00 1.4 0
12, Total.City 43,903,.,00 100,60

Sources:

Area modified after Ayeni (1982),

Building Density Estimated after
Oyelese (1370) and from Fieldwork

(1983).



temporal data in the projects With respect to space,
samples of data were collected with two aims in mind:
(i) to ensure adequate spatial representation, and
(ii) to monitor characteristics of the climatic conditions
over each of the land-use zones. Data were collected by
ensuring adequate representation of stations on different
land-uses becausc of the theory-base of this research:
that components of different land-uses combine to give
rise to different microclimates., — In addition to monitoring
data from the climatic stations (Fige 3.1) automobile
traverses and diurnal recordings were carried out at
different seasons.

The need for the collection of data over reasonable

length of time led to taking the following categories
of temporal data into consideration: (1) record over a
period of twenty yecars were collected not only to monitor
the effect of city growth, on its climate, but also for the
purpose of being able to describe the climate of Ibadan
with higher degree of certainty; ‘(2) the day=time recording
of some climatic parameters over a period of one yecar was
done to enable proper description of the diurnal and seasonal

variations in climatic param«ters over diffcrent land=usese
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Fig. 31 Climate Stations
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3.3 Instrumentztion ang Climatic SEation:

DS

3¢3a Instrumentation e

Different types of equipment werz used in collecting
the varieties of data. Some of the parameters were however
obtained via computation. Thzse include latent and sensible
fluxes of encrgy and long wave radiaticn. The ones
determined dircctly are listed in taple 3.2
The assemblage of equipment shows that net radiation,
temperature and relative humidity were determined with
more than one type of equipment. The various equipment
were used on relevant occasionss

Solari-albadometer is a double-=purpose equibment
used in determining the global radiation and the albedo,

It was manufactured by Middleton and Co. Ltd., South
Melbourne. It has a 700mm long pivot rod and one end
having the 15mm diameter sensors embedded in a 65mm
diameter basee This case is covered with a sturdy

45mm diameter hemispneriC'élass case. The upper and
lower parts sense the global radiation =nd albzdo
respectivelys The other end of the rod is connected
with a six-=channel junction box which is in turn linked

by a short cable with a millivoltmeter from which the

»



Tabla 3.2

Climatic Parameters and Recording EBEquipment

Pacameters : Equipment
1. Clobal Radiation Solari=albedometei
2. Net Radiation i (a). Type S-1 Net Radiometap
% (b) ' Thornthweite's lModel
603 Net Raciometer

2 \1bedo f Solari-albedomcter

s — . ——— —

4, Temperature va) Thermchygrograph
(r) Type T618 Thermistor

(c) Whirling Hyg-ometer

PR ———————

(d) Assman Aspirated
Psychroneter

—— v SO e B . -

5¢.. Relative Humidity (a) Thermohygrograph
(b) Whirling Hygrometer

! (c) Assman jeo’rated
_Psychrometer

6e Raipfall Rzin guage

o -




recording is carried oute. This recording is converted

from millivolts to the conventional unit of cal. Cm-2 min-i

or ly min~2,
Type S-1 Net radicmeter was manufactured by Swisstego

Ltde Mellournees This instrument, which is highly sensitive,

has a fuctory-manufactius e <o apsible stand which could be
adjusted tc a heloht of Lo0w . one meter or attached with
an improvised stand if 2 nlghe. level of measurement is

desired.s IL hcs 2 sensinc clemuint covered with a replace=-
able polythene dome 37mm in diameter. A rod, 600mm long

is attached to the sensing end. Like tne solari-albedometcr,
a variable length thermocouple links the cther end of the
rod and the junction box. The recordings are of the same
procedure,

The modcl 603 portable net radiometer was manufactured
by C.W. Thornthwaite Associates, This miniature instrument
is an efficient, economical compact equipment which has
a direct sensing element, which lies horizontally at the
centre of a supporting split brass 6mm in diameter. It is
shielded from wind anc precipitation by two clear plastic
windows, 50mm in diameter, sealed to the upper and lower
halves of the ring to provide a means for monitoring on
the fizld when necesszry. The recording is done directly

in cal, cm® min~! or ly min~ 2,



Thermonydg-ograph is a sel®-operated portable instrument,
Temperature recording is obtairac‘from tnc alternation in
the curvature of a strip of ~iwtal with its two portions
having different linear coeff e’ erits of expansion. While
one end is anchored to the ma. 1 3ase, the other is fixed
to an adjustable Link attachec ts a spindle which also
carries a pen. The two metals expand or contract according
to changes in temperature whic' cause up or down movement
of the attached pen for the li'ear recording on the chart
to a span of 50°C. Alteratish in length of specially
treated humanpajpy which is senciiive to changes in relative
humidity by shortening when it decreases and lengthening
as it increases gives the amouat of relative humidity
between the range of 0-100%. Eﬁe\pen has longer limb and
goes ibove the temperature pen,"gfo different coloured
inks or fibre tipped pens are uSucato distinguish the two
records, The spring-=driven clock df the thermohygrograph
around which is a rectangular chafﬁ on which the temperature
and relative humidity values are reﬁorded could be set to
record for 25 or 168 hourse.

The T618 battery operated therﬁistor thermometer is

designed for obtaining rapid meacurements of temperature.

This gencral purpose instrument is encased in a sturdy
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nlack plastic ox with a carrying handle. It has the
caliberating switch for accurate adjustment.

A popular equipment for measuring the relative
sumidity is the whirling hygrometer. It has beth wet and
dry bulb thermometers held in slotted frame, one end of
whizh revolres on a handle, the other end having a poly=
thene water reservoir into which dips the wick for the
wat bulk., The thermometers are button topped. mercury
filled with lens frames to magnify mercury columne These
“ulbs glve quick responses For operations, the hygrometer
is whirled rapidly for /fifteen seconds, stopped and the
two thermomzters are read quickly, the wet bulb firste
This is rereated-until two consecutive pairs of readings
are the same. During whirling, the hygrometer is shielded
from solar/raciation and held as far from the body as
rossiblé with the hygrometer up the prevailing wind.
Pevression uf the wet bulb gives the relative humidity
fron slide ruie or hygrometric table.

Assman asvirated Psychrometer was alsc used with the
vhirling hygrometer. It was manufactured by Casella,
London., For operations, air is drawn by a fan past two
“hermometer bulbs, one of which is kept moist by a close

Jitting wick of water absorbent material, the other is
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uncovered and dry. The thermometer bulbs ar=z supported
on either side and flagged at the top by a central tube,
and an inverted uw-~nylon moulding at the bottoms The
thermometer bulbs extend through this nylon moulding and
are protected from radiation effects by twe detachable
cylindrical open=endec chromium plated brass tubes,
insulated from each cther as well as from thes main framee.
The thermometer stem: are protected from possible damage
by stainiess steel guards.

All, equipment used arw factory calibrated.

3.3.b Climatic Statiens

With the exception of the records collected during
automobile traverses, other measurements were taken at
twenty spets-located throughout the city (Fig. 3.1).

These stations are in two groups (Table 3.3). First,

there are those that are already in existence, being
monitored by the Federal Department of Meteorology and scome
institutions/establishments. Second, are the additional
twelve staticns established to increase the network of
stations over the cityj; for proper representation of the
major land-use types. T4ig second group of -stations are

two categories: "experimental! and "occasional'.
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Table 3.3

Designations and the Locational Charactecistics
of the Recording Stationst

Altitude (m) | Desighation | Land=-use

FIRST CATEGORY - EXISTING STATIONS YR L e |
| Low Density

Te Vel 213.4 i Synoptic !
2o TETA 228.4 3 —~dO=- ., Rural
!
3¢ 01ld Airport 227.1 { Agrometeo~
{ rology Medium Density

4, New Airport 224,0 Synoptic Rural

9+ FRIN 205,7 Agrometeo-

rolooy Low Density

6 [y I\II]_.OAQT 193 ° :‘ "“dO"‘ Rural

7¢ NCRI 132,9 ~d 0= Low Density
8. CRIN 121.9 ~do=~ Rural

SECOND CATEGORY « LSTABLISHED STATIONS

9. Ajibode 220,9 Experimental ~dOm
10, Ele.yele 190,.5 —~dOm- High Density
11e Odo=Ona 152,4 —do- ~d 0=
12, Oke=Bola 13742 ~d 0= ~do=-
13 Molete 190.5 ~do —dO=
14, Lagelu 213.4 =d o= ~d o=
15, Bashorun 236.2 Occasional Low Density
1654 UCH 205.9 ~d O - 0=
17. Dugbe 190.0 ~d o= Commercial
18. Ife Road 201,3 ~do=- Madium Density
19, Orita Challenge 167.6 = O~ —-d O
20, Agodi Zoo 199,.3 —d 0= iQpen Space

¥ Automobile traverse stations not included.



o 70

Instal cd at the 'experimental' stations were the
self-recording thermohygrographs and the rainguagese. The
remaining stations were designated 'occasional' because
they were used for occasional, diurnal recordings by field
assistants. The need for greater coverage made their

establishment desirable and worthwhile.

3.4 Data Collection

The project starced in March 1983 through a series
of pilot sirveys aimed at a few dimportant things: (1) to
get more familiar with different locations of the city;
(2) to select suitable sites’as climatic stationsi (3) to
get appropriate routes for automobile traverse recordings
that were to complément point recordings, and (4) to have
some practice in the handling of the various equipment
through tesg ‘recordingse

Following the pilot survey, suitable sites were
identificde The number of equipment available determined
the maximum possible number of stationse. The issue of
security also played a vital role in the location of the
individual stztions. OSeven 'experimental' stations were

established after series of negotiations with school
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Principals, Geography Teachers and Nightwatchmene. The
remaining five stations were designated 'occasional'
because the security factor coupled with shortage of
automatic recorders compelled the carrying out of
occasional, full~day recordings there.

The first major recording was between 19th and 26th
of March. It involved the measurement of the components
of radiation budget over different land-use zones. These
measurements were taken close to the established stations
from 0600 to 1800 hours of GMTe. The equipment in the
established stations also went into full operation by the
beginning of April. The stations were monitored on weekly
basise It was not possible to take rainfall recordings
more frequently than at seven day-intervals because of
the problem of ~real coverage. The sides of the rainguages
at the 'experimental' and occasional stations were not
dircectly exposed to minimize evaporative loss. It was
therefore acsumed tha* gome amount of water was lost
through evaporation. If any at all, the little loss
would not have jeopardised the success of the research=
goal which aimed at obtaining an idea about the spatial

variation and not the point total amount of rainfalle
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It is unfortunate to note that the inability to get
suitable data from rainfall recording was the major
failure of this project. This happened because on several
occasions, geography students in the schools tampered
with the rainguages by throwing away the Water before
the weekly reccrdings were carried outs The situation
at stations X and XIV was worse as the nightwatchmen
ignorantliv covered the rainguages at the beginning of
any rainfall be~ause they wanted to protect them Zrom
being ~A-.naged by rainfalll The one at Odo-Ona was stolen
for a whilc before it .was. later recovered. At Oke-Ado,
it was the problem of over flooding on several occasions
as the rainguscss ware over filled before the major
routine recordinge In view of these problems, results were
so disjointed th=t it was impossible to make any meaningful
deductions from the datas This led to the rejection of
the rainfall data collected at the newly established
stations. The data from the established stations were
the only ones analysed in this exercise.

Detailed znalysis of the city-surface texture also
started with the identification of the composition of
differentland-uses from aerial photographs of scales

1:25,000 and 1:12,600 flown in 1975 and 1977 respectivelya
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The analysis, which was assisted by the Federal Department
of Forestry, Ibadan, was mainly aimed at the
estimation of thc proportions of different land-use zones
covered by buildings, water, tarred and untarred
roads, paved surfaces, bare ground, lawns - and trees,
Because of the difficulty in identifying some of these
components from the photographs, the analysis was comple=-
mented with éetailed cross—checking on the field. Building
density was calculated directly from the photographse.
Estimation of building geometry, that is height and
arez, and of roughness lengths, was carried
out mainly on the field by the selection of some building
samples, Survey chains, prismatic compasses and Abney
Levels were used to determine the lengths, k
orientation& and heights of buildings respectively.

Roughness langth 2o was calculated from Lettau's formula:

40 = 0&5 h*s
Tl

1
€

Where h® is the average height of obstacles, 0.5 the mean

drag coefficient, S5, average obstacle gllaoclic area and
32 specific area A/N; whcere A is the lot area and N is the

number of roughness elements on the lot.
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Archival records of the monthly mean temperature,
relative humidity and rainfall were collected from some
of the existing stations. Occasional, diurnal recordings
of temperature and relative humidity for one year took
place at seven stations. Wit respect to the components
of radiation and energy budgets, data were collected from
both the automobile traverses and full-day, occasional
recordings. On the whole, there were six automobile
traverses carried out, three during the wet season and three
during the harmattan seasons.

Microclimatological recordings were not carried out
on predetermined gaysjbecause of the lack of appropriate
weather forecasting facilitieses Each diurnal recording
lasted from 0600 to 1800 hours GMT. These recordings were
at evéry quarter of an hour., Traverse journeys were from
the rural area thrqugh the urkban centre and back to the
rural area., Rapid recordings were made at pre-determined,
fixed points during a round trip which lasted for not
more than two hours,.

The sgparation of LE and H in equation 2.2 has always
been a problem in microclimatic investigation. In 1926
however, Bowen introduced the Bowen Ratio aB to solve this

probleme This has clso been employed by Kalanda, et al (1980)
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and Ojo (1980), amongst otherse

B = H/LE - (3a2)
If similarity in eddy diffusivity for heat and water vapour

is assumed, then this becomes

B = Y A'_r.-— ------- (393)
be
Where Y is psychrometric constant, which is 4.2 mm/Hgoc,
aT is the mean ailr temperature difference at two measure-
ment heights (T2, 1,000 mm and T,, surface) and de is the
mean vapour pressure difference in mm Hg fez - ei) at the
same heights. Substituting equation 3,2 in 2.2 where 4P
is assumed negligible, and re=arranging, then the energy

balance equation then becomes

LE = _Rn-G
T S e e (3.4)

H = Rn=G
1+ 1/B

(3.5)

The similarity in cddy diffusivity, according to Kalanda,
et al (1980), has been validated for unstable and near-
neutral conditions for different surfaces. In tnis study,
G is taken as being negligible because during the measure=
ment period cloudy condition existed. In addition, heat

fluxes in and out of the ground were assumed equal.
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Bowen ratio has the advantage of beiny applicable
at all times., Kalanda, et al (1980) pointed out some of
Bowen ratio‘’s advantages as: durability of the measurement
system, its ability to run for extended period (days)
without maintenance, and the measurement of turbulent energy
partitioning even if the available energy (R1=G) is in
error or not available.

Since the Bowen ratio was not applied during the
harmattan {dry) season, the cazlculation LE and H was therefore
limited Lo the wet seasone

The analysis of the impact of urbanization on some
climatic parnmeters was based sclely on the data collected
for the thirtecen months, March 1983 to March 1984, as
enumerated abovee. The one-year data was employed in the

assessment of  the spatial pattern of microclimatic conditionse

3.5 Mode of Analysis

A large volume of data emerged from the various
observations, areal demarcations and measurenments. Data
related to the city surface texture were the first to be
analysed. In fact; it was zfter obtaining the clear

picture of the urban surface characteristics that firm
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decisions were taken about the locastior of the climatic
stations.

In order to obtain a clear picture of the surface
texture of the city, averages cof the different components
of the land=-uses were taken. For good visual assessment,
line and bar graphs are used in the preseéntation of surface
components across the city. Simple correlation analysis
and tests of difference are employed in comparing the
parameters of different land-usces.

A large amount of climatic data emerged from various
sources. At the beginning of the analysis the data were
organised on diurnal and seascnal bases. In other words,
related compongnts of radiation and encrgy balances,
temperature and relative humidity were averaged for
morning (0600 - 1200 hours of GMT) and afternoon (1200 -
1800 hours of GMT) periods over both wet and dry (harma=-
ttan) seasons. In essence, for all the climatic parameters
under considcration, except H and LE, four categories of
figures cmerged as.vizt 0690 -1200 hr GMT wet seasonj
1200 = 1800 hr GMT wet season; 0600 -~ 1200 hr GMT
harmattan season and 1200 - 1800 hrs GMT harmattan seasone
Because of the use of Bowen ratio, the last two sets are

not available for H and LE. In order to present the
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spatial pattern of these parameters on the map of Ibadan
metropolis, the¢ weighted average technique was employeds

In doing this, two categories of rectangular grids were
imposed on the land-use’map of Ibadan (Fig. 4.1)« The
first was a largcer grid numbering forty-—two. The second
was a smaller grid in which each of the forty-two grids

was established nine smaller ones. The idea is that; since
each land-use category has its characteristic microclimatic
condition, then the microclimate of each of the forty two
grid cells could be calculated by estimating the fractions
of the different land-use types identifiable in the larger
grid celle This was done with the aid of the smaller grids.
Having done this the walue of any climatic parameter
attached to largeér grid cell could be known by multiplying
the value of the climatic parameter attached to each land-use
type with the~fraction they represent within the grid. For
example if for an hypothetical grid G there are land=-uses
A, B and C representing %, % and % parts of the larger grid
respectivelye These proportions were estimated with the
aid of the smaller grid. If the mean temperatures are
20.0°C, 20.4°C and 20.8°%C respectively for land--uses Ay, B
and C, Then the mean temperature for the whole grid will

be 20,0 + 2004 +'20.8

o f O
2 4 4 L 2003 CO



CHAPTER 4

4,0 THE CITY=-SURFACE TEXTURT

Laid-use types in the city of Ibacan .@nd their
different associzted charzctaristics akgwdéxamined in
this chapter, The primary aim is to give an account of
the extent of man's impact on the)'natural' environment.
In order to achicve this objective, two important things
viere done. Firstly, the &itont of man's impact on the
environment are shown by giving detailed account of the
different components of the city. Secondlv the different
land-use zones of the city ace decinhered through the
grouping tegether of the surface cozponentss The essence
of this chdapter is to establish & basis for examining
the microclimatic patterns of the urban canopy of Ibadan.
Quantified land=-use associated characteristics are later,
in subsequent chapters,related to some microclimatic
parameters. Relevant data are obtained from sources
like published maps; literature, air photoaraphs, field-
work, archival records from the census cffice and the

Ministry of Works and Transport.
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4,1 City=Country Dichotomy in Surface Cover

The differences between urban and rural surfaces are
introduced by the erection of various cultural features
in the former to replace the otherwise predominant soil,
vegetation and water in the latter. Faeatures that dominate
the city of Ibadan include a mixture of buildings, corru-
gated iron roof with various degrees of rustiness, con=
cretes, tarmacs, bare ground, refuse, scanty vegetation
and water. All these have varying thermal and albedo
characteristics., Oguntoyinko (1970) worked on the variations

in surface reflection coefficient (Table 4.1).

Table 4,1

Mean Reflection Coefficient of Urban Surfaces?

Surface Description of Surface Reflection
Coefficient

1. Corrugated
Iron roof Very rusty 0,10
2, <Concrete Fairly new - 0.14
Surface in Petrol Station | 0.15
3. Tarmac Car Park in Supermarket 0,08
t Road 0.14
Mean All i 0,12

¥ After Oguntoyinbo (1970).



With the city having a mean reflection coeffi§}ant of
0.12, it could be said that Ibadan has a lower reflection
coefficient than the surrounding derived savanna kind of
vegetation which has a mean of 0.15.,

Crops like cocoa, kolanut, yam and cassava are grown
around the city. Measurements over similar cultivated
surfaces in the same tropical environment reveal that
they have reflectcion coefficients of 0.19, 0.18, 0,17
and 0017 respectively. This is an average of about 0617,
which is higher than that of the citye

Generally speaking, plant species like Samanea

faman, Delonix regia, Elaeis guineensis, Theobroma cacao,

Citrus sp» and Cola sps were identified as dominant in
and sround Ibadan. Others include Albizia zygia,

Chlorophora excelsa, Sterculia sp., Vitex grandifolia,

Celtis sp. and Bamboo sp. (after Akande, personal commu-
nicatior), The rural environment is particularly dominated
by arable farmlands. These are exposed grounds at the
quarries commonly found around the city. Very

few of the rivers and streams around are exposed to

direct evaporation because of the protective shade
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provided by grass and trees. The vegetation cover is
subjected to annual destruction through the characteristic
bush burning ceaused by hunters and peasant farmers during the

dry seasone

4,2 Land=Use Components Analysis

4,2,a Classification into Land-use Series

The spatial patterns of the conventionally recognized
land=uses in Ibadan are difficult to demarcate. This is
so because, by its intrinsic nature, the traditional city
of Ibadan has a mixture of traditional and modern charace-
teristics. The problem of areal demarcation is further
compounded by the seemingly indiscriminate location of
amenities all over. the city. All these give rise to a
pattern characterized by unplanned and planned areas in
the core and peripheral regions of the city respectivelye
The traditional area in the city centre mainly constitutes
the high density, heavily built-up commercial region
(Fige 4,1) while the low and medium densities located at
the periphery are planned to a greater extente.

Becouse of the planlessness that characterises most

parts of the city, it was difficult to produce a map
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Modified after Ayani 1982

.41, Textural Map of the City.
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that would cleac’y show all the land~use areas listed in
table 3,%. In addition, the decision to leave out some

of these land-use zones in the production of fig. 4.1

a5 also as a result of the fact that it was possible to
merge some of the land-use areas on the basis of the

close similarity in thz composition of their surface
textures., In view of the above, 'educational' and ‘'medical’
are identified with low density, 'agricultural'! and
acquisition' with 'rural' and 'industrial' with medium
density on ©ige 4,1,

From the clasgification in table 3.1 ‘high density!
residential land-use ¢overs the largest land area (29.5%);
'zommercial’ and 'medical' having the least Coverage with
D.4% eache, 'Low density' residential area follows high
Aargity with 14,6% coverage with 'acquisition' coming third
with 12,8%. Other land-uses cover areas ranging between
%e4% 2nd 6,.4% of the total city surfaces This infofmation
is a poirter to the fact that majority of the land-uses
in Ibadan metropolis are for residential purposes with

few aveas for industrial and commerci®l activities.
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4.2,b Components of Different Land=uses

The components identified are as follows: building,
water, roads (tarred and untarred), bare ground, paved
surface, lawn and trees., These are regarded as vital
urban micro-climatic - determining factors.

It is clear from figs. 4.2, a=ly that in most of the
land=use areas, the areas of proper urban uses are mostly
covered with buildings, particularly the residential arease.
In this context, areas of “rural', 'agricultural', 'acquisi=
tion' and 'open space'.are not regarded as areas of proper
urban uses. The spaces occupied by buildings vary from
370% in 'educational' area through 43,0% in 'low density!
to 5040%y 54¢8% and 60.5% in 'commercial' medium density'
and high density' areas respectively. 'Low density'! areas
have the highest tree cover (34.2%), followed by 'educa-
tional? (31.3%), 'medical' (24.0), 'medium density' (18.5%)
and-'high density' (13.0%). Areas of non-urban use have
immense tree cover. 'Open space' records 96.0%, 'ruralf
73.7% and 'acquisition' 58.,0%. Lawns aiso cover apprecizble
land area of séme land-uses, partiecuiarly 'agricultural'
(51.0%) , 'educational' (17,0%) and 'medical’ (11.0%).
Residential areas have poor lawn coverage while the major

commercial area records zero per cente.
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Jther componentss water, roads, pav.d surface and
bare grounds record low percentages of surfacCe coverage.
Exposed water is particularly scanty in Ibadan.with all
land-uses, except 'educational', recording less than two
per cent,

In the whole metropolis, area covered by vegetation
has the highest percentage (38.4%) followed by buildings
(35.,0%). OthHer components récord low surface coverage;
Lavm 9.6%, roads 7.8%, bare ground 6.5%; paved surface
1.9% and water 048%.

The urban characteristics of Ibadan are very well
reflected in the nature and density of housess. The
situation is such-that the traditienel core areas of
Mapo, Beere and Orita Aperin recprd very high density,
characterized by choking form of arrangemcnt while new
layoutslYike Bndija, Agodi, Uesl. Polytechnic and Jericho
are. low density areas with better—arranged layouts and
modern characteristics, DMean distances separating the
houses vary from less than'50cm to 1,000cm in the tradi-
tional area and between Z2,000cm and 3,000cm in gome of
the modern 1ayou£s°t |

The pattern of the estimated building density of
Ibadan metropolis,as shown on table 4.2,is such that

'*high density' area records average of 8,000 buildipgs
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per km2 which is about twice that of the nearest value,
that is the 'medium density' area with 44500 buildings

per km2.

Table 4.2

Mean Building Densities of Different Land-uses

2

Land=use ' Building Density (km™ °)
1. High Density Residential 8,000
2. Medium Density Residential 4,500
3s Low Density Residential 1,600
4, Educational 1,200
"S. Medical : ' 300
6 Rural 74
7. Agricultural 43
8. Industrial 3,800
9,  Commercial 1,800
10. Acquisition , 800
11, _Open Space 0

Sources: Estimated after Oyelese (1970),
and air photograph and fieldwork (1983).
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Heights of buildings, unlike of trees, vary considerably
with land-uses (Fig, 4.3). Dugbe, the heartland of the
city's commercinl activities has the highest mean building
height (1582cm) followed by the 'medical' area,; U.C.He
(1230cm) ~nd 'educational, U.I (1192cm). The average
heights of .buildings and trees for the whole-eity- are
743cm and 1133cm respectively,

To get a clearer picture of /the impact of man on
the city of Ibadan, the perccntage of differcent land-uses
that could be described as of "urban' or 'rural' characterie
stics (table 4.3) was calculated from fig, 4.2. As shown
on the table 4,3: the land-uses are re-=classified on the
bases of the: (i) closeness in the percentages of their
compon.:nts making urban characteristics, and (ii) activities
observed thereéin. Out of all the identified eight
components' (Fige 4.2), only trees and lawns are considered
as being of 'rural' characteristics. Building, water,
farred and untarred roads, paved surface and bare ground

are all regarded as being causad by human interference.
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Table 443

Percentage Urban Characteristigs

of Diffcrent Land=Uses

Land-use Classification | % Urban| Rank | Re=classification
1l High Density Resi- !
dential 84,7 lst 3 High Density
2« Medium Density Resi- :
dential 80,0 3rd " { Medium Density
3. Low Density Resi-
dential 58.6 6th Low Density
4, Educational 45.9 7th Low Density
Se Medical 68.0 5th Low Density
6e Rural 24,1 9th Rural
7¢ Agricultural 16,0 10th Rural
8e Industrial 7605 4th Medium Density
9., Commercial 80.5 2nd | Commercial
10, Acquisition 33.0 8th Rural
11l. Openh Space 0.8 11th Open Space
12. Composite City 51«7 - Urban




tComme:rcial® and *higl density' residential areas
have not been grouped together because: (i) there are
taller buildings, less trees and more impervious surface
in the former, and (ii) there are intensive daytime
activities with higher human population concegntration
ic connts in the comnercial area.  Areas regarded

as 'open spaces' in Ibadan have only. treeés with few
untarred. narrow winding roads passing through therefore
they cannoi D¢ re-ca.ssified as 'pural'. But ‘acquisition®
and Yagricultural® areas are, re-classified as 'rural!
because thevy sre located a®™ the veriphery where there are
littla wiban—oriented activicies. In addition they have
very scan.y surfaca infrastructures and low concentration

of human pcoulztien which could be likened to what obtain

in typical = aeal settlement set-ups. Low population, less
surface infig - “~uctures and higher concentration of residen=
tial heuscs, differentiate, both 'low density' and 'medium
density'! residcitial areas from the 'high density' residential

arQac.
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An arrav of che percentage cover of tne land-use
parameters for each of the land-uses is compared with the aid
of correlation coefficient test. The level of(significance,
at which the test is carried out is 5%, the ‘sample size
is eight, and the degree of freedom six. “Results oi the
corrclation tests, tavle 4,4, show that there are significant
relationships between comzonents of-'high density', medium
density!, 'low dcusity', ‘industrial? and ’‘commercial' arease.
The relationship between 21l of the above landwuses

.

and 'rural'; ‘agricultural’,N'acquisition' ard 'open

space' are not signifiCants. 'ith these resul;s? the
extent of the relaticnships between land-use ;omponents

;n Ibadan could De described as one whereby significant
relationships exist between highly urbanized land-uses

but insignificant relaticnships exist between the urbanized
and the poorly urbanized land-usess This teést clearly
brings out the extent of the differences betWeénnurban and

rural land-used bocause of the sharp differences between

their surface components.

SRR FLS Y »
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Cotrelatipn Coefficient Test Results Jor the

el otionship betwesn Land-uise Componont

High Density ﬂ |

Residential (1) 2.0

Mediom Tensity

Resicential (21 0,297 | 1,00

Lew Density )

Residential (3) | 0.32¢| 0.88° | 1.00

Educational (4) { 0.71 | 0.77 |0.96°} 1.50 w
Medical (3) | CeB6* | 0.90° | 0.95% | 0.99+} 4,60 :
Rucal «6) | .38 | 0.30 lo.65 | @.61 | ©.39 (2,00

Agricultural (7) p0.€2 |0.04 [0.32 | C.55 ; 0,29 | 0042/ 2.00 |

frdustoial (&) |o.9a° §0uo0e 0,91 | o.80+ | n.52- | 636\ 0m | 1.00

Commarcinl (9) 027" 10,965 {0.86° 0.74 | C.86% ' 0,32 0.0z ) 2.984 | 1.00

Acquisition (20) }o0.21 §yuo.33 10.69  0.67 { 0.42 |0.390 o:um“ 0439 0.34 | 1.00

Open Sapc: (11) 10.00 [0.22 10,52 {0.53 § G.74 {0-58 | c.45 | o.1¢ ?Su_ 0.32% { 1,00

(1) (2) (3 {4) (5) (6) €2 €25] {3) (10) (11)
* Significaont at 5% level



4,3 Surface Roughness Lengths

The impact of urban landscape on airflow ls one of
the factors tc be given priority in a study ef urban
microclimate. Roughness length is some fraction of the
thickness of the surface boundary layer {(Nicholas and
Lewis, 1970)e A knowledge of the roughness lengths of
the city throws more light on how its morphelogy affects
winds from different directions., This is to say that
all other things being equal, areas with high aerodynamic
lengths constitute wind pregak to the regional winds more than
areas with lower roughness lengths. Under the same
conditiony,; it could be said that, since this parameter
is a function of height and giihuoettearca, lower
frequency of turbulence would alsoc be recorded in areas
with lower roughness lengths.

Roughness length of buildings is computaed for winds
coming from four different directions. This is so
because unlike a tree which has uniform response to winds
from different directions, .at least the four faces of
a building affect winds differently.

In Ibadan, by the nathre of4tp¢ city surface components,
particularly the appeareAce of byildings and trees, there

is not much disparity in the pattern of roughness length
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all over the citye. This however varies with land-use

zonese Fige 4e4 shows clearly that 'medical', ‘'educational’

and commercial areas surpass other parts of the city in

their building's roughness lengthss. In fact, apart from

the three areas, roughness length values in other land-

use zones are close. Roughness length values for trees

arealmost uniform throughout the metropolis with the

exception of ‘tagricultural', 'low density' and ’indus-

trial' areas with relatively lower values. Roughness

lengths in 'medical', 'educational' and 'open space'areas

show higher values than for other arcas of the city,
Correlation coefficiént tests are carried out

between building densities and roughness lengths for

the purpose of knowing whether or not the latter is'

dependent on the former. Data analysed consist of :

arrays of eleven roughness lengths for all of the

original land-uyses, versus corresponding building

densitiese This is done for the rougnness lengths of

winds from the four directions (table 4.5). The level

of significance is 5%, the sample size eleven and the

degree of freedom nine, - -

Results of the analyses on table 4.5 show insignificant

relationships all through. This means that surface



=99~

rAn) apsodwio)
3>t ondg wady
L uonisinby
L |DI2J31UWo)
L IDUISNPUY

L 01NN by
L |DJny

[ 1D2PIAW

- |DUOHDONP3

- Asuap  mon

r

[ Aysuap Wnipa

- |PRUaPISaYy
Awsuap Ubiy

1707

H-w 3
;00/.1.... Mg
: .
¥ B 8 M 2 8 3 & 8 @ ©

€

1607
150
1404
130
1204
1N

O
N
¢

-

Wind Directions
Computed after (ettau’s formula (1989).

ghness of Buildings and Trees
Inputs from Fieldwork (1383).

Mean Rou
for major
Source:

Fig.4-4:



=100m
roughness lengths are independent of building densities
in Ibadan. At any rate, there g still
some positive relationships between the two

parameters. This indicates that to a 1little extent

Table 4.5

Correlation Coefficient Test Results for the
Relationship Between Building Densities and
Roughness Lengths of Buildings

Roughness Length Correlation Coefficicnt
Zo, N,S wind 0626
Zo, E,W wind 0,17
Zo, NE, SW wind 0,11
Zo, NE, SE. wind 027

the higher. the building density, the greater the
degree of surface roughness. In this particular case,
building density can account for 6.8%, 2,9%, 1.2%
703% of roughness lengths for N,S, E,W, NE, SW,
and NE, SE winds respectively.
Using the data and statistical technique as above
other tests are carried cut between rougnness lengths and

building heights, Results, as shown in table 4.6,
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indicate that there is a highly positive relationship
between roughness lengths for all winds and building
heightse This means that areas with tall buildings

exhibit high degree of surface roughness in/Ibadane

Table 4.6

Correlation Coefficient Test Results for the
Relationship Between Building Heights and
Building Rouginess Lengths

Roughness Length - Corrzlation Coefficient
Zo, N,S wind 070
20, E4W wind 0.84
Zo, NE, SW wind 0.85
Zo, NWy~SE wind 0460

In other/words, the higher the building the more the
surfaceroughness. Building height can be said to
acceunt for 49,0%, 70s2%, 7243% and 36,0% of roughness

lengths for NE, E.W, NE, SW, and NE, SE winds respectivelye.
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4ed Atmospheric Pollution in Ibadan

Considerable amounts©of gaseous pollutants are

suspended in the lower atmosphere in Ibadan, ~From the

work of Oluwande (1977, 1979), it is clear that there

areurbanerural differences in the concentration of

sulphur dioxide and carbon monoxide.in the atmosphere,

with the highest concentration _in the urban areas being

more than three hundred times the highest in rural areas,

Table 4.7 shows a typicalrwariation in sulphur dioxide

and carbon monoxide at the rural and urban centres.

Table 4.7

Typical Daily Variations of Sulphur dioxide

and Carbon-monoxide Concentration at two.

Sampling Stations in Ibadan (Unit = ppm)?t

Sulphur dioxide |-Carbon monoxide
Time Urban | Rural [Urban | Rural
1200 -~ 1500 |C.64 0.002 5% 1.6
1500 -~ 1800 |0.34 0,001 10 12
1800 ~ 2100 |0.23 0.001 12 1.2
2100 -~ 1000 ]0.06 0,000 3 1.0
1000 - 0300 (0,01 0,000 1e5 0
0300 -~ 0600 (0,05 0,000 0
0600 =~ 0900 (0,10 0.0071 5 1.2
0900 -~ 1200 (0031 0,001 19 1.5

After Oluwande (1977)
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It is clear from the table that higher amounts of
pollutants exist between 1200 - 1500 hrs of GMT in the
afternoon than other times of the day. There is a
general increase in pollutants from morning to afternoon,
and 2 decrease towards eveninge The least concentration
is at nighte. There are urbah-rural differenCes and the temporal
variations in traffic concentrations. There are more
automobiles in the city than the rural area. There is
a higher concentration of vehicles in the roads during
the afternoon hours than at other times of the days

Onianwan and Egunyomi (1983) also used the occurrence
of trace metal levels in some mosses in Nigeria to study
the level of atmospheric pollution in Ibadan., The study
revealed that lead (pb) values in mosses collected in
rural areas were significantly lower than those of mosses
in the¢ city centre which has a high traffic density
(Oguntoyinbo, 1984), Mean values are as high as 157.2 mg.g-i
in the ¢ity while values in the rural areas (Botanical

Garden, University of Ibadan) varied between 13 and 30 mg.g-ln
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4,5 The Microgecgraphy of Ibadan

The impact of man is more felt at the city centre of
Ibadan than the suburb. The traditional core area of the
city centre is characterised by narrow, winding roads and
close concentration of buildings. The 'low density!
residential area is limited to the new layout in the
suburb while other land=use categories occur in patches
all over the citye

Land-use attributes like water, roads, paved surface
and bare grounds do not vary much from cne land-use to
the othere Using building cover, tarred and untarred
rcads, paved surface and bare ground as the bases, it
has been possible to partition the land=uses into the
two categcries of "non-urban" add "urban® uses with' 'rural!,
'agricultural', 'acquisition' and 'open space' areas
constituting the former and the remaining land-use types
making up the latter. Areas of 'non=urban' uses are
gencrally noted for higher concentration of trees and
lawns and lovier concentration of buildings ind roadse.

North=south and east-west traverse views of the
city further throw more light on the condit:ion of surface

characteristicse Figs. 4.5 and 4.6 show that there is
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higher concentration of vegetation in the suburban area
than the city centres, Traffic and population densities
are higher in the‘tféditional and commercial areas than
other parts of the city. The impact of traffic on atmos=
pheric content is evident in the figures snown on table
4,6,
It has been established in-Chapter Two that urban
surface characteristics, coupled with humen activities,
are the main ccuses of the City microclimatic conditions.
It is thercfore cvident that this cnapter would be vital
to the processes of data collection, analysis and
scientific deductions as regards the characteristics of
the microclimates witnin the complex urban canopy of

Ibadan,



CHAPTZR 5

S0 CHARACTERISTICS OF ENERGY DISTRIBUTION
WITHIN THE URBAN CANOPY

It was established in Chapter Two that the energy
coming from the sun is distiibuted and utilized in
various ways at the earth-atmosphere interfaces because
of ‘the he.t ageneovs aature of.the earth's surface and
the atmospheric contents., <It has alsc been made clear,
in the same chapter, that it is the diverse utility of
sclar crnergy that forms. the basis of microclimatess
The analysis of sUrface texture cf Ibadan, in the pre=
ceding chapiter, shows both the intra-city variation and
the city-country differences in surface components;
populatior concentration znd various human activities,
All of 'these contribute to cause appreciable spatial
and “temporal variations in the microclimatic characteri-
stics within the urban canopy of Ibadan. It is the
condition of surface disposition of energy and the
nattern of its subsequent utilization that this chapter
is set to establish.

In order to understand the fundamental cause of any

microclimatic pattern. it is essential to analyse the

PP s
o+
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characteristics of interface disposition and utilization
of the solar energye. This would mean an analysis of
both the radiation and enercy budgets componeénts in
relation to the physical surface textural characteri-
sticse It is in the light of these that tnhe spatial,
diurnal and seasonal patterns of the radiation and energy
budgets equations are examined in this chapter,

Data analysed here have come from two sourcese.
(1) the six automobile transects carried out during
the wet and the dry seasonseg and (2) , the full-day
(0600 ~ 1800 hrs GMT) mon*hly recordings of these
various components at twenty spots, to cover the recoge
nized land=-uses, all over the city (Fig. 3.1). Twelve
days in each month were spent ‘wllecting the second
category of datae Information from these recordings is
used in producing the maps showing the spatial patterns
of components under consideration, on diurnal and
seasonal bases, To produce the maps, the weighted
average method, described in Chapter Three, was employed.
Analyses begin in this chapter with a look at the
patterns of global radiation (Q + q) because it is the

initial source of energy from the sun. This is followed
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by the description of albedo (a) patterns and then net
radiation (Rn). The net long wave radiztion which was
not directly measured is ther described. Next, a look
is taken into how net radiation is utilized, in other words,
the latent (LE) and sensible (H) fluxes of neaty.for the
wet season only since the Bowen ratio employed™in calculating it
is only applicable on wet days The chapter ©nds with a
general look at the characteristics of radition and energy
budgets within the urban cancpy in Tbadan,

The data analysed for the radiation and encrgy budget
components arc those collected.On ciear days. so that the

urban-rural dichotomy could easily emerge.

.
501 Radiation Budget Charccteristics

The impact of various components or an urban surface
and its atmosph€éric contents on the components of radiation
budget (eqn 2+1) leads to the resultant alteration of the net
radiations This impact begins from the time the incoming
global radiation enters the urban boundary layer. This short
wave global radiation undergoes a great deal of reflection,
absorption and scattered within the urban atmosphere. Its
remaining part reaches the surface to be partiv reflected,
absorbed and re-emitted in the form of terrestrial long wavee

The remaining portion is now the net radiation.
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S5e1lsa Global Radiation

Global radiation could be aptly degcribed as/the
eﬁérgy coming from the sun (Brunt, 1932). The analyses
of the spatialy seasonal and temporal patterns of
global radiation reveal a general decrease  towards the
urban centre from the rural area throughout the period
under consideration (Figs. 5.1 =(5.6). A number of
reasons are responsible for thise

Firstly, the urban atmosphere contains more pollu=
tants, particularly oxides of sulphur, carbon and nitrogen
than the rural atmosphere {see table 4.6). In fact these
pollutants constitute the urban plume within the boundary
layer (Fige 2e2), which is obsent in the rural environmente
These pollutants scatter, diffuse and even absorb some

portions“ef, the incoming solar rzdiatione.

Secondly, the urban canopy atmospheric view factor
is reduced by the tall buildings (Fige. 2.5) therefore
reducing thc cnergy received within the urban canopye.
All these factors, put together, lead to considerable spatial

diurnal and seasonal variations in global radiation.
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fig 5.1 Global Rodmhon during the Wet Season
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Fig.5- 2 Global Radiation during the Wet Season  (Ly. min-I)
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Fig.5- 3 Mean Daytime Global Radiation during the Wet Season(Ly.min-!)
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Fig.5 4 GClobal Radiation during the Harmattan  ( Ly.min<I)
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Fig.5- 5 Global Rodiation during the Harmattan  (Ly. min-1)
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Fig.5- 6 Mean Daytime Global Radiction during the Harmottan (Ly.;min-T)
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It can be generally observed, from Figs. 5.1 = 5.6,
that the least amount of global radiation is received
around Dugbe, Oke=Bola, Adamasingba, Mapo and Orita Aperine
These are areas with the highest concentration of traffic
(Figse 45 and 4.6). Therefore more pollutants are expected.
In addition, there arc tall buildings around Dugbe, Adama=
singba and Oke-Bola areas (Fige. 4.3). The mean amount of
global radiation in both seasons in these areas was between
.56 ly. mi” > and .64 ly. min_ S

It can also be observed from the figures that,
despite the fairly high concentration of traffic and tall
buildings around the¢ University of Ibadan, the University
College Hospital and other peripheral areas, the global
radiation values varied from a mean of between 61 ly. m:l.n-1
to 64 1ly. min~ L during both seasons in these areas, which
is more‘than the value at the city centre. The reason for
the above pattern is because of the impact of the wind
blowing from the rural suburb towards the city on the
low=level pollutants. The peliutants in these areas are
more rapidly disparsed than these within the heavily
built-up city centrc¢ where high wind speed is generally

reducedo



Averace amount of global radiation in the rural
environs durgng the period under consideration ranges
belween ,62 lye. mi o and .64 ly. min"i. This is ‘about
147 more than the values at the city centre.

There is not much change in the spatial pattern of
global radiation between morning and af ternoon hourse.
There is a general increase in the amount of global
radiation over the city in the afternoon hours. The
-~elatively lower value of global radiation at the urban
zentle, compared with the rural area, increased in the
afherroon, Throe reasons aré suggested for these spatial
and Zemporal variationsa

Firstly, thereé is the general increase in atmospheric
~ollutants over the city (see table 4.6) because the increases
in pollutants.from automobiles and industrial activities
would cauge the warding off of global radiation. Secondly,
general. cde~r.afs”  in windspeed, results in the day time
divargence of more pollutants from the periphery to the
urhan centres Thirdly, by afternoon hours, buildings
and concretes are still being heated up, compared with the
rural soils oand vegetation that are in most cases fully

nea*tud up because of their low absorptive and storage
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capacities. This would mean a continued absorption of
the in-coming global radiation in the city by tall
buildings which alsoprevents some of the radiation from
reaching the surface (see Fig. 2.5), therefore leading to
a greatcr decrease in the amount of global radiation received
within the urban canopy by afternoon hourss

The diurnal pattern during the harmattan season is
different from that during the wet season. [The péttern
is such that the urban decrease in global radiation reduces from
16.7% in the morning to 11.8% in the afternoon hourse.
This is because according to Ayoade (1980) there is a
decrease in the regional wind velocity during the harmattan
periods, which causes a reduction in the movement of pollu=
tants to the city by the rural winds, leading to less cone
centration of artificial pollutants and therefore less
impact on thc global radiation during éfternoon hourse
This factor is important bechuse there are more pollutanﬁs
in thehafternoon hcours (see table 4,7),

Seasonal changes in the regional climate influence
urban-rural differences in global radiation conditions
The situation is one whereby the decrease at the urban

centre compared with the rural surrounding is about 12¢5%
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during the wet season and about 14.0% during the harmattan
season. Three reasons are responsible for thise

Firstly, the turbulent condiéion observed during
the wet scason allows for more mixing of both the urban
and the rural environments therefore making urban-rural
differences in atmospheric conditions during the wet
season not glaring enoughs Secondly, the more cloudy
condition during the wet season prevents the uniform
heating of both surfaces because of the non-uniformity
in the receipt of global radiation. Thirdly,; the reducs
tion in thc low=level pollutints during the wet  season
by the precipitating effect of rainfall indirectly causes

a reduction in the impact of pollutants on global radiation

during this seasone.

Seleb Albedo

Albedo is the surface reflectivity of energye
According to WMO (1963), it is the ratio of the global
radiation from the sun and sky reflected b$§the surface
to that incident upon it. Knowing the albedo characes
teristics of the urban environment is important because
albedo forms part of the components of the radiation budget
equation, which is used in describing the surface

disposition of energy. It therefore helps in the detailed
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description of how surface net radiation is obtained.

It could be observed from Figse 5.7 to 5,12 that
there are spatial, diurnal and seasonal variations in
albedo characteristics over Ibadan and its environse
The spatial pattern is in such a way that thealbedo
within the canopy increases from the city'centre to the
rural suburbse. It increases from a mean of between 8%
and 10% arcund Dugbe, Adamasingba, Oke-Adc, Mapo and Orita
Aperin areas to between 14% and 15% in the surrounding
rural environments during the wet season. The albedo

values increasc during the harmettan sc¢ason. 'The means

show a variaticon £from arcund 12% at the city centre to

18% at thc surrounding rural arcae.

There 4% @' decrease in albedo towards the city
centre bechuse of the following reasons:

(1)  There are more of the dark, dull and irregular
suriaces which reduce the albedo towards the city
centres This, as established in Chapter Four,
is as a result of the replacement of rural

vegetation that has higher reflection coefficicents,
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Fig.5-7 Albedo during the Wet Seasar(®)
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Fig.5-9
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Mean Daytime Albedoduring the Wet Season(®f,)
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F1g.5-11 Albedo during the Harmattan (%)
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Fig.5-12 Mean Daytime Albeda during the Harmatten (%)
\ ). 3% 0500 ~1800 hrs GMT

k / OJOO HormOﬂ'OD
A1 o \

":1

D,

UNIVERSITY

\

J l?/‘\-ygg%s \‘ [—_:j' Reservoir
\LI\ // -+ Contour in
meires
\"0 1 2kms/
e

J — Stregm




(2)

(3)

129~

with various man-made concretes, tarmacs, untarred
and tarred rocads, buildingsy amongst others, at

the urban centre., Dark, dull and irregular surfaces
have lower, albedo than white, bright and smooth
surfaces because the former can absorb more of the

short wave radiation while the latter reflects

The artificial urban surfaces like concretes,
tarred roads and tarmacs have lower albedo because
of their higher cnergy absorptive and storage
capacities, compared with the dominant soil and

vegetalcovers of the rural arcae

Urban buildings and other concrete structures
prevent, in most cases, slanting rays of light

from reaching the surface., More of the light

beam that would have otherwise reached the surface
in the rural area is absorbed by the buildings

in the urban area. 7This would mean that most of the
rays available for direct reflection within the
urban canopy come with lower angle of incidence

straight through the stunding city structurese

The lower the angle of incidence, the lower the
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reflection because the more the direct penetration

of thc solar rays into the various surfaces.

The afternoon hours mean albedo values are greater
than those for the morning hours as could be seen on
Figse 5e7, 568y 5010 and 5.11l. These differences do
not, however, affect the spatial pattern. The increase
in aftcrnoon albedo is as a result Of the fact that by
afternoon hours, the absorptive end storzge capacities
of most surfaces must have dwindled. Thus the surfaces
tend to reflect more of thevsun's rays, This particular
reason accounts~fer why there are reductions in
the differences between the rural and urban centres!
albedo values during afternoon hourse

Albedo. vdlues during the harmattan period are higher
than during the wet periods. The differcnces between the
urban and rural areas are however reduced during the harmattan
seasoOfl. For instance, Fige 5.9 and 5.12 show that the
rural albedo values are higher than the urban ones during
the wet and the dry seasons respectivelye

Two reaséns are responsible for the higher harmattan
albedo, They are as follows:

(1) Reduction in sewage water and soil moisture
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because of the generally dry conditior which
increases the albedo as dry surfaces refleet more /
than wet surfaces,

(2) The deposition of grevish harmattan dust on the
surface making surfaces mere greyish and therefore

increasing the albedoe

A reduction in the differences between the rural and
urban areas during the harmattan is as a result of the
relatively more homogeneous. surface conditions during
the harmattan season, which is caused by the generally

dor condition and mass deposition of harmatian dustsa,

S5s1.c Net Radiation

Net rad_ation, according o Chang (1977), is the
balanc= tha“"is left on the earth's surface after the
reflection, absorption and the re-radiation in the form of
long=wave of the incoming global radiatior at the surf,ce
(sée egne 2% and Fige 2.1)e The amount of net radiation
depends directly on the amount of in-coming global radiation,
surface reflectivity, absorptivity and ecmissivity. Factors

like cloud covery, wind sp=ed and direction znd atmospheric



pollution play indirect roles in determining the conditions
of net radiation. Net radiation and the net long wave
radiation are also very related (Monteith, 1962).. The
former could therefore be affected very significantly by the
lattere.

More detailed description of the net radiation
characteristics are carried out in this section, in
addition to the spatial, diurnal and seasonal variations
as done for the components of radiation budgets earlier

described. This is because of:

(1) the availability of more portable eguipment
which allowed for more automobile transects to be
carried out, results of which are presented in this
work, and

(2) net radiation characteristics are perhaps more
important to climatologists than othcr components
because nct radiation represents a summary of the
surface disposition of sclar radiation, a knowlcdge
of its pattern would therefore be of immense use
in various spheres cof planning. It is also because
of this reason that a hyoothesis is being tested in
this section for the purpose of knowing whether
or not there is significant difference between

the human and rural net radiation characteristicse.
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As expectcd, the spatial pattern of net radiation in
Ibadan follows the pattern of other components of the radiatior
budget (Figs. 513 to 5.18). The highest net radiation is
received around the heavily built-up city centre. The
amount varies from a mean of between ,220 and .230 ly. min~t
around Dugbe, Adamasingba, Oke-Bola; Mapo, Aperin and Aremo
areas to o190 and o200 ly. min’l in the rural suburbs during
the wet sezsone This is about 15.8% increase towards the
city centre. It also varies-from a mean of between o210 and
2220 1y. min~ ! in the rural suburb during the harmattan to
between 240 and 250 ly. min'i at the city centre, having
an increasc of about 14.,0% towards the centre.

Decrecase in surface albedo and therefore increases in
the amount of encrgy absorbed at the surface and long wave
radiation by the atmospheric pollutants, are factors that
are responsible for the increase in net radiation towards
the eity centre,

The morning and afternoon hours spatial patterns
of net radiation are not quite different except that there
is a slight reduction in the afternoon net radiation during
the wet season (Figse 5.13 and 5.14) because most of the

data used in computing thc¢ maps were obtained on days when
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Fig. 5-13 Net Rediation during the Wet Season (Ly.min —1)
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Fig.5-14 Net Radiation during the Wet Season (Ly.min —1)
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Fig.5-15 Net Radiation during the Wet Season  { Ly-min—I)
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Fig 516 Net Radiation during the Harmottan (Ly.min 1)
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Fig. 517 Net Radiction during the Haormattan
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Fig.5-18 Net Radiation during the Harmattan  (Ly- min -f)
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there was rain curing the afternoon. Cloudlessness of
the skies, general reduction in wind and increases
in pollutants from harﬁattan dusts dusts are responsible
for the higher net radiation during the harmattan season
compared with the wet season.

Concurrent. recordings of net radiagtion in the urban
and rural surroundings were carried out on three different
occasions during the period of dinvestigation. Squipment
were placed at Ajibode, a rural suburb and Oja'ba a
heavily built-up traditional commercial area for the
recording from 0600 to 1800 hours of GMT. Recordings
were done at fifteen minute interval along with condi-
tions of wind and cloud. There were a total of forty
eight recordings in each of the stations. These observa-
tions were averaged, on two hourly basis, reducing the
figures to six for each of the stations (Fig. 5.19).

The patterns of net radiation at the two places
show that there is higher value at Oja'ba, which is at
the urban centre than Ajibode at the rural area. The net
radiation at Oja'ba is 20%, 9.1% and 25% greater than that at
Ajibode for the averages of the recordings of 28-03-83,
06-10=-83 and 13-01=84 respectively. The impact of cloud
cover and wind is clear on the diurnal differences in

net radiation between the urkan and the rural areas.
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The highest percentage differences were observed during
the recording of 13=~01-84 during the harmattan period when
the harmattan dust makes the sky invisible from the.
surface and the mean wind speed is relativcly lowe On the
other.hand. the cloudy month of October records the least
percentgge difference of 9,1%. The wind sSpeed was rela-
tivel\x high on that occasion. High wind speeds encourage
surface mixing thereby inhibiting the proper development
of different microclimates at different parts of the
metropolis. Cloudlessness of the sky allows uniform heating
of the surface thereby giving equal chances to the

responses of gurface components to global radiation.

5.1.d Net Long Wave Radiation

Ne* long wave radiation could be aptly described as
the balante between the terrestrial radiation (L?) and the
atmospheric counterrgdiation (L¥). The global radiation,
as. shown in Fig. 2e3, comes in the form of visible short
wave., It heats up the earth, which in turn becomes a
source of long wave radiation. Most of the radiation is
emitted in the infrared svectral range from 4 to 50
micrens with a peak near 10 microns (Sellers, 1965).

Because this radiation is emitted by the earth's surface,



Vit
s

it is called terrestrial radiatiome. The atmosphere,
which is ncarly transparent to short wave radiation
readily absorbs terrestrial radiation. . The .absorbers
therein are water vapour, ozone, carbon dioxide and cloudse
According to Sellers (1965) only 9% of the terrestrial
radiation escapes directly to space through the "atmos-
pheric window", while the rest is absorbed by the atmospheres
The atmosphere, in turn, re-radiates these partly to
space and partly back to surface in form of counter=
radiatiovn. Because of tnis, .the net or the effective
outgoing radiation from the surface is reduced consi-
derablye.

The net long wave values in this work are calculated
from ecuation 241, after measuring other components of
the equation directly with relevant equipment. The
equation then becomes

- L* = Rn=(Q +q) (1 =Q) ==e=e= 5,1

With this, values of long wave radiation are presented
in minus forms.

From Figse 5.20 to 5.25, it could be observed that
net long wave radiation decreases from the cehtré‘of the
city to the rural environment., This varies from a mean

of about = 418 to = .19 ly m:i.n-.l around Dugbe, Aremo,
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Fig-5-20 Net LongWave Radiation during the Wet season [Ly.min -!)
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Fig-5:21 Net Long Wave Rediatien during the Wet season (Ly.min -1}
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Fig-5-22 Net Long Wave Radiation during the Wet season (Ly.min =)
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Fig-5-23 Net Long Wave Radiation during the Harmattan (Ly. min —t)
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Fig.5-24 Net Long Wave Radiation dufing

the Harmattan (Ly.min —0)
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Fig-5-25 Net Long Wave Radiation during the Harmattan {(Ly.min —)
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CJ00 Harmattan

_& R;dgﬁ
Lok%STLE/ 0o e Reservoir

- Contour in
metres

0 1 2kms Sy X
L & z —— Si{ream

Wl



7

kN7

a1 50_

Oke-=Bol ., Adamasingba, Mapd and C-itz Apcris aceas o
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a decrcase by abocut 26675 at the curzl area.
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Net long wave radiaticn was alsc estim:ted tircuagh
the use of an empir.~—al ethcd, This was €£cr the purpose
of knowing the lcvel of :ccuracy »f the equipment ucaxd in
the determinaticn of the verious ccmponents »f radiccion
budget. Chang's empirical methoc¢ vas used bHacaus:  :COr=
ding *o Ogunitoyinko (1372) the fc-rula is an improvinent
over earlier methods of Penman (73£8), Budyko (156, 1963)
and Davis (1957),

According to Chang (1970) nct leng wave radiation could
be estimated as

- L? = - B (a + b R/l{a 2 (/.E'Ei. + d 2 '.._; /':3 ceco (5‘2)

Chang's formula was an improvemer t over ear'iert approaches
because he di.rectly used solar r:diation R, which is civen

)

as Ra (a + b n
N
where a, ©; ¢ and ar= c.nstants; Ka is solar rac.a''icn on
a horizontal surfcce at nhe top ¢f the atmosphare. Ie€¢

the terrestrial or Angot value, N is’'tne ac ual numier of
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sunshine hours, N is maximum possible hours of sunshine,

is the Stefan Boltzman's constant (8.17 x 10~11 ly. min~t

T—4

pressure,

), T the air temperature and ed the saturated vapour

Given all the constants in equation (5.2), Chang's

formula could be written as

- 1% (286,18 + 202,60.%/, . - 45.24 /&d - 10,92

T'his equation was applied to measurements taken within

R
/Ra_ /&) «o+es 15%3)

the urban canopy over a period of one year,

Table 5.,1:

Comparison of Measured and wBstimated

-L* (ly min=1) Using Chang's Formula

M

J

A

N

' Mea-
sured

gsti-
mated

~e 159

- 162

-+ 166

-«157

-o 104

-+095

~+083

-+ 079

~.070

~o081

-.056

-,061

-0035

-« 030

-.071

-.080

-.090

-.075

-.011

-.103

-.112

-.095

--138

% -129

The above results show that Chang's formula has

over-estimated L* by 4.5%.

result wnhich shows that Chang's formula over-estimated

L* by 3e9%.

This compares with Oguntoyinbo's
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Factors like increase in lcw=lcvel pol .utants, higher
concentration of concretes and tarriac and reduction in
albedo at the city centre are respcnsible for the higher
net long wave radiation in the cit . Low-level pollutants
increase the atmospheric countzorra’iation and reduce the
escape of terrestrial radiation. High emissive capacity
of concretes and tarmac in the city increases the amount
of long wave radiation while reduc:ion in albedo increases
the amount of cnergy to be absorbed therefore increasing the
re-radiated terrestrial radiation. All these combine to
increase the long wave radiation towards the city centre.

There is a general increaze in the afternoon hours netk
long wave radiation particularly at the city centree This

further brings to light the importaice of the surface
infrastructures in radiating more =nergy. This is becCause
higher terrestrial radiation lost from the surface is
expected in the afternoon when the storage capacities of
surface components are at their peak. In addition, the
global radiation is high (Fig. 5.256). Moreé low-level
pollutants are also expected in the afterroon (table 446)
when traffic density and industrial and démestic activities
are at their peaks. This would mean the formation of thicker

pollution veil to prevent the rapid escape of terrestrial
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radiation.

The ret lorg ware radiatior during the harmattan
season is slightly higher than *hat durirg the wet season,
particularly arourd the city centre. becau e of the following
reasons:*
(1) higher am-unt of global rzdiat .on dur. a¢ the harmattan

season; and
(2) the general decrease in the redional ' ind speed

which mears a reduction in the coolinc¢ effect of winds

on the lo'g wave radiation during Rhe larmattan seasone

5.2 Energy Budget Characteristics

Having looked at the characteriFtic: n: :terns of
the surface disnosition of the in=c ming sc lar radiation
and the resulting net radiationg it is @ssc1tial to
investigate how the available enerc on the surface

is utilized in var.ous waySe

Net radiation is essentially used im fc ir important
ways at the surfaces These are a#t
(1) 1latent heat. %0 vaporis: water from d: ferent

h

surfaces;
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(2) sensible heat, to warm th¢ air;
(3) ground heat, to heat the 'rcund surfa e, and
(4) photosynthetic heat utilirec during t! e process of

plant's photosynthesis, which is howe er negligible,

At the global level, the advec’icn of heat into the ocean,
which is also negligible, is alsc consider:d as the fifth
waye The first two ways will le considerec in this section
because of the following reasor.s:
(1) it was assumed that the fluxes of hea’ intoy and out
of the ground were equal for the megsirement period
which covered the whole day;
(2) it was also assumed that the ground hcat flux exists
in very small proportion, therefore very negligible, and
(3) the partitioning of latent and sensible fluxes of
heat in the urban surfaces is of very vital interest
to microc.imacologists because both pesrameters mainly

account for the surface pattern of encrgy utilizatione

Bowen ratio (see egnse. 3.2 to 3.5) was employed in
the calculation of latent and sensible heal fluxese. The
analysis was limited to the we’ season bec:use relevant

data were available for that perioda.
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The patterns of latent and sensible fl ixes of energy
as presented ir. Tlus- 5,27 4c. 5.32, calculated only for
periods just after rainfall, show higher u:ilization of
latent heat around rhe city centre with de:reasing trend
to the periphery., ‘lore enerc/ is utilizec as latent
heat around the citv centre b=2:ause the imdervious city
surface has more standing pocls of water jist after

rainfall compared i> the relatively porous rural soilse

Figse 5633 o '.25 show the patterns cf net radiation,
latent and sensiblc fluxes of heat on different automobile
transect days acro:s the city. From the figures, it is

clear that net radiationy, latzat and sensible fluxes are

.generally high ar:.nd the urtanized areas than the

suburbse

; Energx Budgets
Ibadan

53 Conditions of ﬁgdi ti QQ-
Pt TR

Spatial, diurn:’. and seascnal variations in

nu 19]

components of radi: zion and energy budgets have been
discussed in this chaptere. Variousum;Ps representing the
variations in thes: climatic rarameters were compiled
by using the land-ise approacas. The ciear spatial views

of these parameters emerged on the mapse
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Fig- 5-27 Latent Heat Flux during the Wet Season (Ly-min-l)
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Fig. 5 28 Latent Heat Flux during the Wet Season (Ly.min-i)
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Fig. 5-29 Latent Heat Flux during the Wet Season (Lymin -|)
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Fig.530 Sensible Heat Flux during the Wet Season (Ly.min -I)
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Fig.531 Sensible Heat Flux during the Wet Season (Ly.miri—I)
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Fig. 5:32 Sensible Heat Flux during the Wet Season (Ly.min -1)
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Detailed analyses carried out show tha components
of radiation and =2nergy budgets vary consi: erably over
the urban canory »>f Ibadan. Li.ke in other parts of the
world, the situatior in Ibadan is such tha there are
decreases in global radiation, albedo and ncrease in
net long wave radiation. Because of thgse there is an
increase in the net radiation from the gur 1 areas towards
a highly built-up commercial area. The hy; othesis tested
nowever shows that although there are diff«rences between
the urban and the rural net rédiation cond. tions, the
differences arc n>t significant at the 5% _evel of signi-
ficance,

The effects of prllution veil and the reduced sky view
factor within the canopy have been identif:=d as being
responsible for the decreasing global rggietion towards
the city centre, Tmrhact of pollutants is rore felt during
afterncon hours o:1 both the global radiatica and the net
long wave radiationa

It is necessary to compare the results >f this
investigation with'those o%.similar studie:r in other
parts of the world. Table 32 shows these results,
with the exception of results for net long vave radition

which was not directlyv measured.
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Iable <2

Comparison of Urban Effect on Some Components
of Radiatior Budget

Parameter | Observation Area ! Observer Urban }
f Decrease/Increase
Houston f Randerson 23% decrease ‘
Global ¢ £1970)
Radiation | 155 Angeles Stair (19€5) 38 = 50% I
(G + q) Nader (19¢7) decrease 1
St. Louis Dabberdt and | 19% |
Davis (1974) decrease ”
i
3 i
Ibadan Present 14%
study decrease 1
Lagos Ojo (1981) 11% '
decrease |
Sacramento, Morgan, et al 30%
A%b?do California (1977) increase
a
Columbia, Landsberg 10.25-20%
Maryland (1979) decrease
Ibadan ! Oguntoyinbo 20% |
i {(1970) decrease
Ibadan Present
study 25% {}
decrease 4
Sacramento, Morgan, et al | 6% '
California (1977) decrease '
Net |
Radiation - : g
(Rn) ;olumbla, Landsberg 20%
aryl !
A (1977) decrease
Ibadan 1 Present
j { study 15%
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It is clear from the table that there is general
decrease in global radiation over most cities. This
shows the role generally played by pollutaﬂt, which is
the major cause of decrease ir short wave global radiation
over the urban areas. Pollution is common to urban
atmosphereses There is also a general decCrease in albedo
except for Sacramento, California wherg there are likely
to be more reflecting surfaces within the city than the
seasonal green rural sirroundings. Net gadiation increases
towards the city centre in California amd Maryland., .This
could be because of the time the recordings were carried
out, in the morning and late afternoon hours, when the impact
of the city on net radiation is not likely to be glaringe.
The net radiation is generally higher in the afternoon

hourse



CHAPTER 5

5.0 CHARAC 'ERISTICS CF TEMPERATURE AND RELATIVE
HUMID. .Y WITHIN THE URBAN CANOPY

In the prec>ding chapter, the surface disposition
and utilization >f tha energy coming from the sun yas
considereds Thl. was dore through the detailed analyses
> the spatial, '“urnal and seascnal patterns of some
or the coimponents of :the rediation and energy budgets
aquations (see egns 2.1 anc 2,2). Results of these
1t alyses show that thi:re are spaitial variations in these
c..imatic paramei2rs boecause of the variations in urban
surface textural characteristics and its atmospheric
contents, The s=pnatial disparities in the city surface
cexture and the atmospheric characteristics had earlier
been established in Cnapter Four and was found to be as
a result of the >rocess of urbanizatione.

This chapte * discusses the conditions of tempera-
sure and relativ: humidity w~ithin the urban canopy of
Ibadan because taiese climatic parameters are regarded
as being dependent on the radiation and energy budgets

conditions studiac in the previous chapter,
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An analysis of temper:cture and relative humidity

characteristics within the vrban canopy is also important
because human physiologic ccomfort is determined primarily
by them.

The first to be considered are temperature characC=
teristics, whose variabilities are considered on spatial,
diurnal and seasonal bases. Further look is ‘taken
into the diurnal characteristics by considering the cone-
ditions at 0700 and 1500 hours of GMT. The pattern of
urban heat island intensities is presented in both
tabular and map forms for both vwhe wet nd dry seasons.
Following are the analyses of relative humidity conditions
which focus on the spatial, diurnal apd seasonal varia-
bilitiese A hypothesis is tested on the urban~rural
differences in both climatic parameters before a conClu=-
sion is drawn on the general conditions of temperature

and relative humidity within the urban canopy of Ibadan.

6e1l Temperature Characteristics

Température is regarded as the degree of hotness
and/or coldness of a surfacz or a body. According to
Critchfield (1979), it is a relative term implying a

degree of molecular activity, or heat, of a substance.
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If the heat of one body flous to another we say that
the former has the higher temperature. ‘le can talk of
the temperature of a body or of ‘€ air atmosphere). In
this investigation, we are referring to the latter.
Urban temperature is very inmportant bec:use it affects
human physiologic comfort, commerce, da' to day activities
and even other climatic parameters. Th¢ spatial, diurnal
and seasonal patterns are dealt with unc 2r this section.
There is a general increase in teroserature towards
the city centre (Figs. 6.1+ 6.€), I~ the wet season,
the temperature varies from 23,0°C in ti2 rural area to
24,5°C at the city centre of Dughbe, Adar asingba, Oke-Ado,
Mapo, Orita Aperin and Aremo are~ss durir g morning hourse.
It increases. to 25." "2 n £k »"=u 1 age: and 27,5°C
in the urban area during afternoon hour: of the wet
season. These represent abc it 1.0°C to 1.5°C increase
in temperaturc t~r=-4s the ity centre  iuring the wet
season. The temperature of the city ce tre, is thus,
between 5¢5% and 6.1% higher than that f the suburb
during this period.
The spatial pattern during the ha' mattan season
is not quite different (Figi. 6+4 to 6.6) except

the increase in gap in the ten'erature mount between the
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Fig. 6 2 Temperature during the Wet Seasor, f°C)
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Fig. 6: 5 Temperature during tha Harmattan (eC)
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urban and rural environments. The tempera ure increases

from 23,0°C in the rural area o 26.0°C in the urban

area in the morning hours, and from 26,0°C to 28,5°C in

the afternoon hourse. With these there is mean increase

from between 24,5°C in the rurzl area to 27.0°C at the
city centre.s Temperature obse:ved during he harmattan
season is therefore between 2.°C and 3,0° greater at
the city centre, which is between 8.8% and 11,5% increase.
Many reasons account for the pattern o temperature

in Ibadane The increase towarcds the city entre is

caused by the:

(1) higher concentration in lcw=level pol.iutants
(Oluwande, 1977) due to the increase in industrial
and domestic activities ard traffic density towards
the urban centre. The pollutants, especially CO,,
increase the atmospheric temperature Yy absorbing
energy and retaining them for a while before
releasinge In addition, there is art ficial heat

from automobile exhaust;

(2) increase in hecat from sources like automobiles exhaust

domestic cooking, industries and huma metabolisme
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(3) emission of heat absorbed by buildings, tarmac
and concrete surfaces whose concentrztion increases
towards the heavily builé—up area, ard

(4) increase in net radiation towards the city centre
because of the reduction in the effective out-going
long wave radiation. Increase in the intensity of the
pollution veil towards the city centre leads to a

reduction in the amount of energy lost to spacCee

There is a clear diurnal variation in temperature
condition in the figures 6.1 to 6.6 earlier describeds
The figures show that there is almost an cequal degree of
difference in the mean amount of temperatures for both
morning and afternoon hours. To have more insight into
this, temperature conditions at 0700 hours of GMT, when
the atmosphere is just heating up in the morning, and
1500 hours of GMT when the highest amount of temperature
was observed in the afternoony -are plotted (Figs. 6.7
to 6.10). Figgf 667 and.6.8ﬁﬁhgxlthat variation in
temperature begins right fro¥the morning hours when as
much as between 1.,0°C and 3.0° differences exist between
the urban centre and the rural environments. The differences

increase to between 3.0°C and 8.0°C at 1500 hours of GMT.
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Fig. 6- 8 Temperature during the Harmattan (°()
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Fig.6- 9 Temperature during the Wet Season (°C)
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Fig. 6- 10 Temperature during the Hormattan (°C)
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From the diurnal pattern analysed, i! is clear that
the temperature within the city centre is aigher than that
of the rural surroundings by as much as . JEeh o during the
wet season. This difference increases to/about 8.0°C during
the harmattan periode The morning hours heat island' is as
a8 result of the:
(1) anthropogenic heat added from human ratabolism,
early morning cooking with local fire vood, automobile
exhauast, amongst others, as various outdoor
activities 1like transportation and pstty commercial
activities begin as early as 0400 houzs of GMT in
Ibadan city, and
(2) the rapid response of urban surfaces, characterized
mostly by compacted soil, to heating oy the sun
which is further aided by the higher zoncentration
of light rays with low angle of incicznce caused
by reduced sky view factore More enczgy is absorbed
from those rays into the compacted l:yer of soil which
rapidly warms up and radiates long weve to return heat
to the lower atmosphere. On the othe: hand, there is
the internal trapping of solar energy by the vegetal
cover which prevents the rural soils from being directly

heated up (Oguntoyinbo, 1972).
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The urban 'heat island' maps, Fige. 611 and 6.12
are produced for the 1800 hours GMT. The 'heat island!
increases from the rural area to the urbar centre because
of the reasons given earlier. There is also an increase
in the harmattan season's 'heat island' ccmnpared with the
wet seasones The heat island varies frgm ¢ mean of 0.5%
to 3.0°C and a mean of 1.5°C to 7.0°%C dquring the wet and
the harmattan seasons respectively. Fig. 6.10 shows that
a temperature difference of 8,0°C exisfgs b=tween the urban
and the rural environment at 1500 hours GMT. It can thus
be concluded that the urban 'heat islamd' =ffect is higher
at 1500 than at 1800 hours. Observatigns of 'heat island!
on traverse days show considerable var§ation over time,
There is higher amount during the harmattan season

(see table 6.1).
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Fig.6:11 Urban Heat Island I'\fensity during the Wet Season (°C)
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Fig. 612 Urban Heat sland Intensity during the Harmatton. (°C)
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There is higher amount duri .g the harma’ tan season

(see table 6¢1).

Table 6.1

Urban 'Heat Island' Inten-ities on Traverse Days

Day Time T (u-r)°C Period
08=06~=83 0600 -« 1200 5.9 Wet
1200 .. 1800 0o7 Season
110783
11-07-83 0600 .- 1200 0.6 Wet
1200 -- 1800 1.0 Season
03=07-=83 0600 -- 1200 140 Wet
1200 .-_1800 0.2 Season
28=12=83 0600 .. 1200 s Harmattan
. 1200 .. 1800 158 SSA
17-01=54 0600 -- 1200 340 Harmattan
1200 -- 1800 6ol Season
09-02=84 0600 - 1200 2.8 Harmattan
1200 -- 1800 14147 Season

Source: Computed from Data coll :cted during
Automobile Traverses = 1983/84,
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6.2 Relative Humidity Characteristics

Humidity is a general term connoting the amount of
water vapour in the air. There are three iifferent
common ﬁeasures of humidity: specific, abs>lute, and rela=
tive. Critchfield (1979) defined them as Zollows: specific
humidity is the ratio of the mass of water vapour actually
in the air to a unit mass of air; absolut2 humidity is the
mass of water vapour contained in a unit vb>lume of air,
and relative humidity is the ratio of the amount of water
vapour actually in the air to the amount thie air can hold
at a given temperature and pressure.

The analysis of urban impact on relat.ve humidity is
important because it (relative humidity) is one of the
very important factors which influence the energy budgets,
and human physiological comfort,

Different factors account for the var.ations in
relative humidity. These include the:

(1) availability of water for the prcess of

evapotranspiration;

(2) availability of cnergy in the atnosphere, to

vaporize water, with more evapor ition, the

water in the air increases;
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(3) the velocity of the prevail.ng wind which
regulates the process of ev :potranspiration,
higher wind speed aids the rocess of evapo=
transpiration, and

(4) air temperature which contri.ls the expansion
and contraction of air parc :l1s, therefore
indirectly determining the .apacity of the air

to hold moisturee

The factors listed above do not act differently.
It is the interplay of all the forces that determines
the amount of water vapour in the air. Th= above factors
vary considerably over the heterogeneous c:ty surface.
It is therefore desirable to study the pat=zern of the
variation in humidity, as affected by these factors
over the highly complex urban metropolis of Ibadane

Spatial characteristics of the relative humidity
over different periods are presented in Fijs. 6.13 to
6.18. The results of the observations show there is a
decrease in relative humidity towards the <ity centre.
This varies from a mean of 80% in the rural area to 75%
in the urban centre during the wet seasony; which shows a

603% decreasee. During the harmattan season, the relative
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Fig. 613 Relative Humidity during the Wet Season (°%k)
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Fig. 615 Relative Humidity during the Wet Season (°f)
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Fig. 617 Relative Humidity during the Hormattan (%)
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numidity reduces frcem a mean cf 37% in the rural area to
29% in the urban centre, representing a 24,3% fall.
The decrease ir relative humidity to the urban

centre 1is caused by a number of factors:

N

reauction in the amount of vegetatior towards the

3

city centre cauvses a reduction in the source from
which water is evaporatec into the atmosphere:

.2; <cne urban 'heat island' causes the expansion of
city nir compared with the rural aress. Therefore
theic iz more space in the atmosphere for water
vayp- v which therefore leads to a recduction in the
relative humidity

v cua rption of urban vapour by the porous urban
bulilding walls, particularly in the tr_ditional

areag, raduces the atmospheric vapour content, and

—~
S

rodurad day=tire velocity of wind in the urban
area relative to the rurazl arez (Fige 5.19) would
Mean a reducticon in the rate at which water vapour is

czzrricd from the surface to the atmo:rphere.
There is a general decrease in relat:ve humidity
d.ring afternoon hourg becaus< of the Increase in tempe-

tztires L7ke the situation with temperature, the fall “in



-198-

urban rclative humidity is higher during the harmattan
period than during the wet sezson. While the falls are
B8o1% and 11,4% respectively during morning and af ternoon
hours for wet season, they are 21.9% and 28.6% for morning
and afternoon hours respectively during the harmattan
seasone This is because of the increase in urban 'heat

island' effect during the harmattan season.

603 Temperature and Humidity Characteristics
Within the Urban Canopy

The distribution of temperature and humidity within
the urban canopy has been considered in this chapter.
The analyses have shown that there are spatial, diurnal
and seasonal variations in both climatic parameterse
While the temperature increases towards the city centre,
particularly in the afternoon, the relative humidity
decreaseses

Figse. 619 to 6,24 show the distribution of both
temperatur : and relative humidity across two major
transect routes in Ibadan. The return journey for each
traverse took about 90 minutes and there were three

traverses between 0600 and 1200 hr, GMT. It is also clear
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from th=2 figures that the heavily urbanized areas have the
highest and lowest amounts of temperature and relative
hunidity respectively; the reverse is the situation with
the rural areas.

The conditions of temperature and relative humidity,
as affected by urbanization, !.ave been found to be more
intense during the afternoon and harmattan periodse.
Increases in net radiation, the sensible heat, automobile
exhaust, domestic ccoking, heat of metabolism and the
decrease in urban wind velocity have been identified as
causas of the city's higher temperature. The case of
the harmattan period has been identified as being caused by
the reduction in the velocity of the prevailing wind,
impazt of %the low=level harmattan dust and the reduction
in the evrapnrative heat flux.

The relative humidity decreases towards the city centre
because of the increase in temperature and reduction in
evapotranspiration process caused by the reduced vegetal
covere There are seasonal and diurnal variations in urban
'heat island® intensity and urban/rural differences in

relative humidity as shown in Figs. 6.25 and 6.26.

The data collected for temperature and relative humidity

for a period of eight weeks covering both seasons have been
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subiected Lo the Student’'s t;{esﬁy This would mean a

pair of eight samplcs. The months are June and July for

wei period and January and Felruary for the harmattan

veriod. The figure:s are for 1500 hours of GMT; of cloudless,
caim, selected days. About this time the temperature is
generally high and ~he whole atmosphere heated to the
maximum, The Student’s t-tesi of difference is the
statistical technicque employeds

The results show that the "'t' values are 1.6 and 0.8

for the temperature and -~elative humidity respectively
dvring the wel S2asOnNe %he dagree of freedom is fourteene
Thas . gr2 rot significant at 5% level of significance,

T2 "t value for tomperature during harmattan is 4.3

which i5 significanc at 5% levele. That for the relative
hum'dit, during harmattan is 1.8 which is not significante
Tabla 6,2 shcws the conditions of urban 'heat island!
in Thad=n and in scor'e other parts of the worlde
There is something cocmmon :o the 'heat island!
ir Nairobi and Ibadan, and th:t is, the observation of

the phenomenon by mcrning hours in both places. The

sirength of their 'iheat .sland' increases to 1500 hrs.
As much as 11,5°C 'heat i.sland' ex:reme was observed in

Ha’an. The 'heat island' in Montreal, observed by
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Table 6.2

Comparison of Urban Effect on Temperature
and Relative Humidity

-

s G
S

-

Parameter Observation Area Observer

Urban decrease.

increase

Nairobi (0900 hr.) | Nakamuxa (1967)

2.0 increase

Nairobi (1500 hr.) | Nakamura (1967)

4,5 increase

Temperature
T(u=r)°c Nairobi f}?QO hr.) { Nakamura (1967)

1.0 increase

Nairobi €2400 hrw.) | Nakamurg (1967)

1.5 increase

Montreal (mean) Oke (1973)

-7e5 increase

Singapore (mzan) Nieuwolt (1966)

3.5 increase

London (mean) Chandler (1963;66)

1e3 increase

.-+ Ibadan (0700 hr.,) | Present study

3.0 increase

Ibadan (1500 hr.) Present study

8,0°C increase

Ibadan
(extreme) Present study) 11,7°Cincrease
Singapore (mean) Nieuwolt (1966) 20% decrease
Relative S
?;?idity Ibadan (mean) Oguntoyinbo (1973) | 7% decrease
Ibadan (mean) Present study 6-24% decrease
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Oke€1973) was about 7.5°C, This compares a little bit
with Ibadan in the sense that they both have their
population within the range of 2 million.
Relative humidity decreases to the city centre.
As much as 20% decrease was observed in Singapore while

a range of between 6% and 24% was observed in Ibadan.



CHAPTER 7

7.0 TEMPORAL VARIATIONS IN SOME CLIMATIC PARAMETERS

The earlier chapters focused on the spatial variations
in surface characteristics of the city and the microclie
matese Thise have becn done by employing results of the
cicy=~surface texture analyses as the guides for collecting,
analysing ¢nd explaining data on climatic parameterse
Results of the analyses show that the urban surface and
atmospheric characteristics are playing considerable
roles in th: alteration of the 'natural' microclimates.
This is evident in :the urban-rural differences and the
spatial variability in microclimatic characteristics,

The f:ct that the spatial variations in the micro=
climates w:thin the canopy of Ibadan metropolis are as
a result o: urbanization has been established in the
preceeding chapaters. It is clear that, with the contempoe
rary rapid growth in human population, the high ruraleurban
migration and the terrific, human, social and technological
sophistications, the process of urbanization has become a
permanent global phenomenon. In view of these, temporal

variations in urban climates are expected. Having established,
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in the earlier chapters therefore, that urban microclie
rates in Ibaden vary spatially with the extent of surface
covaerage, -t Is werthwhile to discuss the impact of the
city=growtk or the climates of the citye.

n tnis chipter, temporal variafions in three
importgnt climacic »narameters are examined. Theyare
teamperatures, reletive humidities and rainfalle. These
tarce parameters o2 chosen because they:

\1) more readily show the climatic condition

cf & place than most other climatic
parcmeter;

(2) eare the faw parameters with the most
consisteii: records for the period under
consideration, and

.3) . e¢re sufficient measures for knowing the
temporal :hange.in climate of the citye.

The data analysed cover the period of twenty years,

1961 to 1986, bec:1se documented evidences like aerial
photocraphs, maps ind practical field surveys that

could show the pattern of city growth for the periods
earlier than 1960 are not recadily available. Furthermore,

ccmpared wvith earlicr periofis, the rate of urbanization

-
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in Niger ila wes hig: ir the post-independence years of the
sixties ind savent .28 ocecause of the general increase in
the ava:i .ability o° jcos, and the better conditions of
living i1 townas &nl ci:ies.s Finally, consistent, come
parable records fo - pc 'iods earlier than 1960 are not
availabl : in metec 'olc jical stations within the city.

In >rder to i 2l¢ e the problem of differentiating
between 1iatural climat .c change and the impact of urbani-
zation, lata from :are¢ : standard meteorological stations

_are taker into cor :ide ation. They are the University
of Ibads 1 climatol »gic ‘1 gtation (U.I.), Old Airport
agrometerological ste ion (airport) and the Forestry
Reszarch Institute of igeria agrometeorological station

(FRIN) . 58(3 Figc .1’:

7. Rec :nt Growth of he City

The-e has beec a remendous growth in the population
and size of the ci y ¢ Ibadan over the past few decades.
The 1963 census ficure showed that the population of
Ibadan wis 625,0C0 Euised on a 2¢8% annual growth rate,
Ayeni (1982) astim ted the population to be 1,119,280
in 1983. This shows ti:iat the population of Ibadan had

almost doubled wit in - period of ten years.
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population growth has been the

.ze. From aerial photographs of 1963

tmated the total area of Ibadan as

>e2 8q km devoted to urban land-uses

*dirg to Areola (1982), the areca of the

! spread over about 101.9 sq km by

1 usas confined to khe-umrbamfringes

had also increased by 1981 (Fige. 7e3)

:s were established during the period

le Table 7.1 shows that there was

i@ in the number of industriese.

JTable 7.1

Growth of Mode-r Larje Scale Industries in Ibadan 1961-72%*

Y car Establishment % increase
761 25 -

1964 30 16,7
1970 54 44,4
H £ e

* Comuted after Onyemelukwe (1982).
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-

The increase in industries would certainly have increased
the impact of pollutants on the climate. Industrial pollu-
tion particularly affects rainfall in an industrialised
area (Kheran and Ranana Murty, 1973).

From the above, it is clear that there were enough
changes ir the morplology of, and the activities within,
Ibadan to cause some¢ artificial modification of its

climate o er timee

7.2 Tempcral Variations in Temperatures

Therc has been a gradual increase in temperatures all

over the city of Ibidan. The situation is such that the
increase "s not as c<laring with the maximum temperature
as is the case with minimum temperature (Table 7.2).
The table shows inc:eases of O.4°C, 0.7°C and 0.4°C in
maximum tomperature at the U°I.,.Airport and FRIN respec=
tively wh:n compariiig the 1961-64 and 1977-80 periodse
But the iicreases i minimum temperature were 008%, 0¢7%
and 04¢9% it the U.I ., Airpoft and FRIN respectively for
the same »jeriode

Fig. 7.4 also shows the patterns of the S«year
moving av:irages comduted for the temperature characteri-

sticse Although increasses are apparent in both maximum
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Table 7.2

r=tYcar Me ns of Temperatures (OC) 1961=80

Station

Ma

Usl Airport FRIN
-
ol Ming Mzan Maxd Min.| Mean |Max. Min, | Mean
-J -

1961.-64 | 31.
1965--68 ! 31,
1969-.72 | 31.
1973..75 {31,
1977--80 {32,

212 ] 2565 | 31e3 | 2145 | 2569 |31e5 | 2163 | 2665

21.3‘ 26.4: 32,1 21,9 1 27,0 .1 3143 | 21,3 12646

c i
2146 | 2506} 3242 22,0 | 2646 {317 | 2144 | 26.6

1
20,98 27.55.30.91{2759 }26.5 }31.41 21,1 | 2628
i i
L}

2241 27.2‘ 31,01 22,2 | 2666 | 319 2342 | 2745

1961~80 |31,

21s4 ¥ 25,8 4 3% ]:21,9 1265 ¥ 315912117 | 26,8

and mini
is stead:
~-ndeed,
1t the t
temperat
Cor
zime ar
.evel of

ire Oe

um_ temper itures, the rise in minimum temperature
2r nd more glaring than that in maximum tempcrature.
he preponderance of rises in minimum temperature

rez stations is more than that of maximum

Xrese

‘elation coefficient tests carried out between

tomperatures show positive relationship. The

significance is 5%, The correlation coefficients

0y 0410 and 0,13 for the U.I., airport and FRIN
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peratures respectively; 0.26, 0,60 and 0.48

e stations respectively for minimum temperature,
minimum :emperature show that there are more
lationships between time and minimum tempe=
refore graater increase in minimum temperature
compared with maximum temperature. Alrport
nimum temoeratures are sigrificant at 5%e.

eater rise in minimum temperature is as a

he gradual warming up of tre city as a whole
ases the level to which the miniium tempera=-

s when the city cools down. This result

tole of atmospheric pollutar ts in the modifi=-

rban climates. More of th« pollutants, from
Oluwande (1977), are in tte urban lower
because cf increases in corbustion activities
from automobiles, domestic cooking and
activities. CO2 absorbs anrnd retains heat,

ontributing to the rise in minimum temperature.

'm temperature occurs mostly at about 1500 hours

-he afternoon. Increase in maximum temperature
s 20t as much as that of minimum temperature,

. by the correlation test and Fige 7.4. The

compared with minimum temperature, could be
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att: ibuted to che faci. that there §s thz cooling effect

of winds, which is more during afternoon hours when maxi-

mum tempera ure OCCUurse.

This causes a moderation or

rediction i, the increases in maximum temperature compared

witi
dur ng afte
The gr

min: mum tom

minimum temperature.

There are less calm periods
noon hours (Adebayo, 1980).
ater correlation coefficients between the

eratures and time at the airport (0,60) com=

par.d with U.I. (0,36) and FRI (0,48) shows the greater

inc ‘ease in
is lecausey,
cit' has be
F1gi. Tely i
per:ture at
at !'RIN and
tem crature
low .st maxi
the means ©
asi.result
hig.ier alti

comnared wi

the minimum temperature at that station. This
over the years the rate of expansion in the

n more towvards thce noxthern end of the city

2 and 7¢3)s The 20=ycar mean minimum tem-
the airport is 21,9°%C compared with 21,5
21.4°C at U.I. A look at the 20-year mean maximum
however shows that the airport has the the

um temperature of 31,3°C with FRIN and U.I. having
31,9°C and 31.7° respectively. This could be

@8f the fact that the airport is situated on a

uda of 227.1lm and more exposed surroundings,

(213.4m) .

h FRIN (205,7m) and U.I. Higher

rad .ative ceoling on high altitude because of higher wind

velocity ccuses a reduced maximum temperature.

This factor,

cousled with the closer distance of FRIN to the CBD of Dugbe

are responsible for its highest values of maximum temperature.
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7.3 Tanporcal Vaciations in Relative Humidity

As e:tablisned in the pr_vious chapter, relative
humidity is affecte by urbanization because it decreases
tc vards the city centre with .ncrease in temperature.

In most cases howev:r, the ef ect of urbanization is
pronounced, in fact, it is mo e obvious during the
a ternoor hcurs when the urbzn 'heat island' is highe

An inalysis of relative humidity conditions over
twenty y.ars shows a gradual fall in the parameter
during afiernoon hours (Fig. 7.5). The correlation
coeffdci:nt tests carricd ot show negative relationship
between relative humidity at 1500 hours and yearses The
values z-c 000 ana =0,05 for the U.I. and Airports
r=acspectiselye. None of “hese is significant at 5%. This
: 1ows that although there ha: been a gradual decrease over
time, tk. decrease is rot as marked as the increases in
t-mperat ire charac:eristics over timee

The 20=yeaz m:an znnual reletive humidity is 70.2%,
1064% anc 74,0% at U.I., Airport and FRIN respectively.
The highest value at FRIN could be attributed to the
Surroun.ing vegctation in th. area which increases the
evapotrinspiration and subsequently, atmospheric water

vapoure
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7e4 Temporal Variations ia Rainfal

Incresse in rainfall with darbanization is an
established fact about the inadvertent alteration of climate
by urbaniza .ion. According to thangnon (1969), factors
like: the in rease in condeisativn nuclei over the city
because of _ncreacsad pollutants increase in atmospheric
turbulence :aused by increases in urban 'heat island' and
the higher urface rougnness ca sed by buildings and erected
concretes a ongst >th_ors, are the important causes of the
increase in rainfall.

In Ib.dan, rainfall has been affected considerably
between 1961 ana 1280, An analysis of the temporal variation
shov's that there is higrer increase¢ at FRIN (Table 7.3)
which shows that there is jradu 1 increase in the relative
contribution of 'RIN to the tot l1ls of the rainfall, at a

more steady rate taan at tae renaining two stationse.

Table 7.3

Percentage Contribution of Each Station to Rainfall Total

Y ar U.I -~ -irport:. FRIN ..

196164 33.5 34,0 32,5 100.0
7065=68 336D . 338 - 32/ 1000
1.69=72 32,5 31.6 36.0 .100,0
1973=76 <066 302 39,2 1000
1977=80 272 34.9 379 1000

1961=80_ __31.4 32,9 35,7 _ 10040
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Correlation coefficient tests between years and
rainfall show that U.I, airport and FRIN hav: values of
000, 0.06 and 0,38 respectivel:'« None of these is sigﬁi—
ficant at 5%. The conditions 8 FRIN and the Airport show
a steady rise, The negative correlation at J.I. means that
there has nvt»been much impact of urbanization on rainfall
there, instead, the rainfall va ies more with the regional
patterne

Fige 7e6 shows S5=year mov.ng averages of the mean
annual rainfall for the three s-ations in Ibadan. It is
clear that the rates of increas: at the FRIN, and the air=-
port are more than at the U.I. The figure also shows that
although the general pattern at the three stations are the
same, urbanization plays more irmportant role in increasing

the rainfall at FRIN and the Ai-port.

7.5 The Impact of Urbanization on the:Climat: of Ibadan

The process of urbanization is a global phenomenone
In recent years, the increasing rate of city-growth is
alarming, particularly in Afriéan countries where the
rural~urban migration is at an alarming rate. This is‘
also eviden® in the growth of Ibadan within the past

twenty five years, which, accorcing to Areola (1982)
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Fas been ccnsiderable, Inaﬁstrlal growth, concentration

« f ecducaticnal centres, increasing business and commercial
ic*ivities are the major factors responsiblc for the

crowths in sire ard population of Ibadan. [ecause of

‘hese the population of Ibadan had almost dcubled within

. 3pan of ten years (1963-1973) and the arez of urban
.andscape increased from 35,2 £gq. km in 196 to 101.9 sq. km
'y 1973 anc about 130,5 sq km in 1982,

Aloncsicde the city growth there have heen variations
n climatic characteristics. The temperature conditions,
martticularly minimug temperature, are most zffected while
the relati- ¢ humidities are least affected. The situation
is one of ¢radual increases in *“emperature :nd rainfall
over time but decrease in relative humidity.

The annual neans of temperatures, rel .tive humidities
and rainfail are correlated with years over z period of
swenty years, 1961-80, in order to know the impact of city
growzZh on these climatic parameters over th: period of
zwentlty yearss Results of the analyses show that the relatione
ships are significant with some parameters Hut not with
>thers (see Table 704).

Sign.ficantly positive rclationship e :ists with minimum
iemperatures at the airport and FRIN and men temperature

at FRIN.
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Table 7.5

Correlation Coefficients Between

Years and Climatic Parameters

Station Parameter Correlation
Coefficicent

UoI Maximum temperature 020
Airport " " 210
FRIN n s «14
TR Minimum temperature o
Airport 2 60%
FRIN = " «48*
UoI Mean temperature «38
Airport ) 3 31
FRIN Y it «56*
UoI Relative Humidity a: Q900H GMT =024
Airport i n " " " 025
UoI Relative Humidity at 1500H GMT =200
Airport " n n n n _QOS
Uo.I Mean Humidity -o40
Airport < i «30
FRIN 1 n el
UoI Rainfall -0l
Airport " °06
FRIN b _ 38

Significant at 5%



CHAPTER 8

840 THE GENERAL CHARACTERISTICS OF SURFACE
TEXTURE_AND MICROCLIMATES WITHIN THE
URBAN_CANOPY OF IBADAN

The microclimatic characteristics within the urban
canopy vis=a=vis the city surface texture have been
analysed. Although a lot of things have been discussed
and found out about land-use = climate variations in
Ibadan, there has not been any specific test to esta=
blish the relationships between surface texture and the
microclimatese 1t is in this light that attempts are
made in this chapter to know the extent of the relation=
ship between them.

Following the above analysis are the comparison
of the results for Ibadan with those in other parts
of the world and an idealised pattern of surface
disposition of the in-coming global raciation in Ibadane

The last section in this chapter dwells on the major
findings and recommendaticns emanating from this
studye Such a summary, it is hoped, should be useful
for the pursuance of furthesr research in urban climae

tologye
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8.1 Relationships Between Suffacg,Texture
and Microclimatic Parameters

The r:=lationships between climatic parameters
and surface texture are analysed under four idifferent
‘ways, viz: .1) by relating the percentages of different
land-uses that are urban with climatic param:ters;
(2) by rela:ing building densities of different land-uses
and climatic parameters; (3) by analysing thc relationsh;p
of the kuilding roughness lengths and climatic parameters,
and (4) by corrclating bpth tree roughness lcngths and
climatic parameters. The last three analyses are carried
out because buildings and vegetation are the most prominent
urban surface charscteristics that vary significantly from
one land-use type to another and that could be more easily.
quantified and related to the measured climatic parameterse

Relevant data on different land-uses, as determined
in Chapter Four, are correlated with corresponding
mean values of the climatic param=ters measured over
two seasons. Spearman's rank correlation coefficient
is used bec:use the samples of the different land-use
components under consideration are very small., In
addition, ranking would serve the purpose of relating the

variables on the basis of how they rank amoncst the land-uses.
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K look at the results on Teble 8.1 shows that, with
the exception of the cases of ncet raciation, relative
hamidity during both scasons and temperature during wet
s2ason, significant relationships ex:st betw:een percentages.
7 different land-uses that are uvrbar and al. other climatic
rarameterse |

Tre results zfford the opporturity of knowing the
rature cf the relationships between the csurfice components
and climatic paramcters. In cases of negative relationship,
that means with higher percentages o: land-uscs that are
vrban or building densities of diffei¢nt land-uses or building
roughress lengths or tree roughess lengths, there are
decreases in the amounts of the climitic parameters. The

raverse is the case if the relationsihips are positive.

€2 Situations in Ibadan and other iarts of the World

I+< is unfortunate to note that it is very difficult
to comp:re results of microclimatic Lnvestications
cenercl .y kbecause riost data are gathered uncer different
rrevail .ng regional climatic conditions. In addition,
the variations in the period of time over which moét
cf the .nvestigations are carried ou . make reasonable

comparison a difficulg exercise. »t any rate, attempts
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Table 841: Correlation Cogfficient Testy Between Percentages of
Urpen LandeUses, Selected City Su-fasce Components and
Climatic Pacencters

T g q + qgla a Le L LE il g X RH RH Rn
Ré. HA RA HA Riv HA RA Ris RA 1A R2, HA Ra
% Urban ~o80 eS8 | =a70] =090 | =090 | 90 |85 }..88 | .84 |.85 | -o80 —8C {.86
Building Denczity |~.70 «e80 | =e90| =270 { =070 § =704 75 | .88 | .73 |.75 | «e70] =70 | .77
4, Building <40 “e50 J oS4 | =054 | =054 | =.581/055 | .53 | .14 .55 %-.49 =54 fa5a
¢, Tree =229 Se3% Veadd] =22 § o2 INE2 | 0207) .37 | ~533 |18 | «e30] =e22 V.27

¢ Significant at 5%
Urtan ~ Percentage Land=uges
Building «~ Koughnes: Length of Suilding
Tree «~ Roughness Length cof Tree
2 -~ albedo
H - Sensible Hest Flux

%

<
<)

&
c

T « Temperature
Rri - Relative FRinitity
RA -~ Rain
HA - Harmzattan

3
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are made to comparc the results of tais investigation with
those of other similar investigations carried out in other
parts of the world.

To justify the comparability o? these results,
results of investications carrizd ou: by using the same
methodology, as uscd in this project, are specifically
chosen, in addition, only urban-rural. differences in these
parameters are compared.

There are not much differ:ances between results of
this investigation and those from otner parts of the worlde
The decreases in global radiation and albedo are also
compared with those¢ of other parts of the world. In Ibadan
the mean reduction in global radiation in urban centre is
by about 14%. Randerson (1970) found same to be 23% in
Houston while Stair (1966) and Nader (1967) found it to be
highly variable in Los Angeles, varying between 38% and
50% or even up to 290%e

The urban decrease in albedo is about 25% while the n
long wave radiation is increased by about 16.7% in the urbsa
centre in Ibadan. The net radiation increases by around
15%e.

The urban 'heat island' is highly variable. But one

interesting thing about it is that i: has been observed



g =
/ Z S / )

=235
in the morning at Ibadan. Nakawra 1967) also observed
it in the morning in Nairobi to be alout 1,5°C .at 0900
hours GMT. This ircreases to 3 5% at 1500 hours, decreasing
to 2.0°C by 179n hcurs and 1A th by 2100 hours. | |
'Heat island! w?é as much as between 1.0°C and 5.9°C
on traverse days ir Ibadan during we* season between 0600
and 1200 hours of CMT ahd Dobwaan 1.2 3.o°é ering
harmattan within s;mé period. -8 much aé'11.7b¢ extreme
'heat island' was observed by a‘ternoon hours on traverse
harmattan dayss. Nieuwolt (1966' obscrved about 3.5°%C
'heat island! in Singapore. Ch:nlde (1963; 1966) observed
it to have a mean cf 1,3°C in London. Duckworth and Sandberg
(1954) observed a nean tempcrature 'heat island' intensity
of 4,4°C in Sacramento. As muci as 8,0°C temperature 'heat
island' was observed in the densely built-up area of Columbia
Maryland hy Landsberg (1979). ‘he 'heat island' intensities
at Delhi, Bombay, Fune, Calcutt: and Visakhapatuan respec-
tively are 6.,0°C, ©,5°C, 10.0°C. 4.0°C and 0.6°C (Padmana~-
bhmurty, 1984)., Trese results are s .milar to those for
various periods in Ibadan as rerealed by this investigatione
In Ibadan, the relative humidi:y varies between

6.3% decrease towards the urban cent.'e in the wet season
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to 24.3% during the harmattan sz2ason. In Singapore,
Nieuwolt (1¢65) found it to be 20% l2ss in the city than
at the rural airporte.

From the¢ abore brief comparison, it i:s clear that
there is not much difference becween the degree of the
impact of urbanization on the urban climates of Ibadan
and those in other cities of th2 world. One significant
thing however is the morning 'h:at island' effect observed
in some tropical cities; which is not found in temperate
citiese This has also been observed in Nairobi Kenya, a
tropical country. The 'heat island' effect of about 5.,9°C
was observed between 0600 and 1200 hrs of GMT in Ibadan,
on a traverse day. On the whole, the 'heat island' inten-
sities observad in tropical cities are not quite different
from those observed in temperate cities. Seasonal variations
in urban effects on climatic parameters had also been
observed like in other parts of the world. This is simply
because of the regionzl variations in climate and surface

compositions over different seasons.

8e3 Idealised Pattern of Radi:ition Budget in Ibadan
A traverse view of the city was taken in such a way

that all the recognized land-u:se tyjes were representeds
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= 1
39

Mean values of the results on tie coriponents of radiation
budget are us;d ir representing an idealised pattern of
the radiaticn budgzt (eqn 2,1). This as shown by Fig. 8.1,
gives a view of how _ncoming solar radiation is disposed
of on different surfaces within the urban canopy of Ibadan

citye The figure shows a considerabl.e variastion in the

surface disposition of energy all over the city.

8.4 Conclusions and Recommenda :ions

8.4ea Conclu:ions

“he results of the present stuly revezl a number of
features about urkan climatology. Salient amongst these
is that there exists appreciable gap in the knowledge
of climatologists about the microclinates of cities.
This lack ef kncilelje is in two broad ways. Firstly, not
much is known about the impact »>f ci:ies in different
parts of the world on microclimatic narameters. Secondly,
the need to determine viable yardstic:ks, from the available
information about urban climates, in order to enable us
predict ahd’undefétand the variabilicies in urban energy,
mass and momentum as in relation to the global climate, the

soclo=cconomic conditions of the city dwellerse
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This project was conceived with tae aim of contrie
buting to the information on tropical cities which is
particularly as inadequate as the knowladge about polar
cities. The micro:-limatic conditions w .thin the urban
canopy of Ibadan, : tropical city was therefore investi-
gated,

The textural characteristics of the city surface
were used as the b;sié\for~gathering, enalysing and
explaining thc microclimatic patterns within the city
surface. The city-surface components were analysed
through information gathered from archival records, aerial
photographs and ficld surveys. Six land=use types were
later identified for the purpose of this projects They are
'high density', medium density' 'low density', .'commercial',
'open space' and 'rural' usese.

Data on componcents of radiation, energy budgets,
temperature and re¢lative humidity were collected over a
period of twelve calendar months all over the city in a
manner that did reflect the land=use types; through point,
diurnal recordings and automobile traverses. Results of
subsequent analyses of the data show decreases in global

radiation and albedo; and increases in long wave radiation
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which culninated in tae increasc in net radiztion. Increases
in low- level atmosphe "ic pecllution, bui.dings and paved
surfaces towards the ity centre were identificd as the
principal causal factors. There i3 alsc considerable
urban-rural variation in latent and sencible fluxes of
energy.

Temperature Iincreases towards the cily centree.
The urban 'heat islaond' effect w.s also observed in
morning hours to be us to a valuc of 3.0°C. Causes of this
are the hligh ne- radiaition and ncat from 'anthropogenic'
sourcese Relative humidity decr.:ases towards the city
centre by up to 24% because of :tne increase in the tem=
perature and decrease in vegztal covere

larmattan has bzen found to be exercising some impact
on the variability of urban clim _te bec ,use of its low=
level dusts and the ganeral reduction in the regional wind
speed during the harmattan season as compared with wet
season. deat island is bettcr devzaloped under calm con=
dition

There are also the temporal variations in temperature,
relative numidity and rainfall over a puriod of twenty
years. hese have be:zxn caused o’ the e’fect of city
growth 5 the microclimatic causal fac:ors increase in

their ef7:cts with increases in city sise, population
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Based on the results of this investigation, it is possible

to makz a few reccmmendations that would touch on both the
effective management of the atmospheric resources and areas
that need closer attention in urban climatologye.

The 'natural', less heterogeneocus and more predictable

rural tropical climates are generally preferred to the 'arti-

ficial! heterogeneous and less predicteble city climatese
This is because tha inadvertent alterations in climate by
man either directly or indirectly affects his socio-economic
activitieses In view of this, a plan for an utopian city
climate should be geared towards attaining the closest
condition to a rural, 'natural' climate. Nothing else is
better than the nzture's air conditioncr (Landsberg, 1956Db).
In order to attain something close to an 'ideal' city
climate, a reduction in the number of people migrating to
towns should be the first stepe This should be done by
improving the lots of the rural dwellers through the provi-
sion of adequate infrastructures.
The fact tha: the growth of towns and cities cannot be
totally checked is unassailable., It is therefore necessary

to take the subsequent impact of city growth on its climates
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‘nto cons.deration wh..le planning both new and old settlementse
The fol.owing need »)e incorporated in urian planning and

consideiec for future investigationse.

(1. Reduction in the amount of po.lutants released
into the lower atmosphere from industrial and
domestic chimney=~stacks by cconcentrating their
outlets ir a way that the smok¢ could be released
Far from the urban canopy, intc the urban boundary
layer. Smnoke outlets shoulc tlerefore be tallers

(2} Planting of trees and flowers :round buildings
and roads in particular to fil'er smoke released
‘rom automobiles, industrial ard domestic combu-
tionse

(3) Discouraging the burning of refuse and waste in
.owns. - Burying them in farmlards is a more
"easonable alternative.

(4) wocation of industrial areas ir areas downwind,
:0 reduce the impact of pollution.

(5) Construction of lawns and open fields in residen=-
:ial and commercial areas as better alternative
=0 bare grounds and paved surfzces.

(6) Decentralisation of commercial areas through
-he building of many supermarkets and stores

in residential arease
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(7) Exclusive ownership and allocation of the
land by government planring authorities,
to check the indiscrimiriate allocation of
land by the feudal lords ard petty-bourgeoises
which causes the springing up of chaotic,
choking, shanty layouts.

(8) The setting up of weather-monitoring stations
and the installation of hignly sensitive
equipment for the monitoring of the changing
levels of pollution at strateéic locations
in towns. In addition, wind-monitoring masts
should be set up all over tie citye

(9) This research focussed on tie conditions of
climate within the urban canopy only. It is
hereby recommended that a further look should
be taken into the situations at the urban
boundary layer.

(10)  The documentation of the absorptive, storage
and emissive capacities of different surface
components in Ibadan. This is for the purpose
of knowing the thermal propoerties of different

surfacese



(11)

w2llbe i

A comparison of the impact of both traditiona:
and modern houses on bcth the in-door and the
out~door microclimates for the purpose of
future design of buildings suitable for this

climatic regions
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APPENDIX I

MEAN TRAFFIC DENSiiy (1979«83)%

Position of Enumeration Description . 5 Year Averige

1. Lagos—-Ibadan (opposite Ekpo House) 86,120
2, Molete=Dugbe (at BritisheAmerica Ins. C

Company) 7,446
3. Molete=Dugbe (opposite S. Allen's

Sameday cleaner) 6,569
4, Dugbe=Mokola (opposite NEPA office) 10,197
5. Dugbe~Mokola (at National Filling Station) 9,865
6. Orita Mefa-Bodija (UesI. Junction) 8,414
7. Orita Mefa=Bodija (opposite Awolowo avenue) 9,191
8 Orita Mefa=Bodija (opposite First Bank) 9,243

9. Elizabeth~Parliament Road (at Mokola Junction) 111,036

10, Elizabeth Road (opposite N.T.A. Ibadan) 9,872
11, Orita Mefa=Bodija (opposite U.C.H Entrance) 7,305
12, Parliament Road (opposite Forest Reserve) 4,837
13. Iwo Road (opposite Way Side Juu Hotel) 74587
14, Ife Road (old) (opposite Green Spring Hotel) 10,492
15, Taffy=Highway (Methodist Church) 84994
16, Taffy=Highway (Yemetu Stream Bridge) ‘ 8,169
17, Mapo=-Molete Road (opposite Mapo Hall) 75735

18. King Road (Lagos Road and Challenge Junction) 8,076




APPENDIX I (Contd.)

Position of Enumeration Description S5eYear Average
19, Ring Road (Abeokuta Road End) 8,907
20. Lagos/Abeokuta Ibadan Road (Idi-Moli

Iyaganku) 8,472
21. L gos/Abeckuta lbadan Road (opposite

Maryway Ccllege) 10,986
22, Lagos/Abeokuta Ibadan Road (Govt. College) 8,797
23, Lagos/Abeokuta Ibadan Road (opposite

Agip Petrol Station) 11,136
24, Eleiyele Road (opposite Pan Electric) 74264
25, 0joo Road (opposite Tinuoye House) 7,446
26, Sabo=Onireke=New Barracks Junction 6,859
27, Amunigun Road=~Agbeni (opposite Omos Road) 6,308

28, Okunola Strcet (opposite Rational Bookshop) 8,194
29¢ Inalende-Mokola Roundabout 3,382

30e SabowScala Road=Mokola Roundabout 3,451

* Counts done at each point from 0600 to 1900 hours
of GMT tw: ce in January and July each year.

Source: Computed after the Oyo State Ministry of
Works and Transport, Traffic Division, Ibadan.
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POPULATION FIGURES F ) IBAD.AN W.RLS (1963 CENSUS)

Ward Area : l Population
2 c1 | 11,557
2, c2 ; 18,437
3. N1 i 16,307
4, N2 i 9,496
5 N3 20,503
6o N4 | 15,964
o N5 20,420
Be E1 48,345
% E1 12,856
10, E2 13995
11, L3 9,122
1D B4 7,028
13, ES 9,850
14, E6 9,825
15, E7 12,045
1Ge Mg 8,646
17. E9 9,206
18, 8% 11,391
19, S2 74897
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APJEND. X II (Concd.)

Ward Area

Population

20,
21,

22 s

38.

S3
S4 and S5

S€

7,963
22,928
11,385
11,652
13,200

8,132
20,913
13, 743
12.179
55,214
70,687
33,767
15,362

6,820
13,658
26,859

6,913

3,980

5,602




DATA O 7 aMiDk TUR;:_AND f ELATIVE HUMIDITY

FOR_TH " ufL 0. Tk _HYPOLHESIS IN CHAPTER SIX
ain Harmattan

Tuoﬂwilroc Hu¥ ¢ Hes | Tu®c Troc | Hu% Hro%
i 350»} 31,8 | 65 70 3301 Q151 41 43
i Fl :

2o 37514 22,2 470 72 ‘32°1 30.0: 50 56

3, A 532,5 j 69 72 {36.2 3z, 1132 | 36

4, 35,0 132.8 {52 | 70 {35.2 {32,533 | 37

5 28,'5 2643 j G .84 51),2 3205i 36 43

6. 294¢ | 23.8 {62 , ®a¥ ! 35.8 |33.4{ 22 | 36

T £7es 2344 | 88N 91 Iw...s 31,5{ 35 | 41

3o 2857 wan2 ¢ ML/ 86 1 37:57]31s5] 28 32

- m— '- - ——

Y dermiz2racure Uroan

R -~ Tempzra. ir2 Ru:al

Hu ~ Relative Humidity Urban

g felative Humid ity Rural
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APPENDIX IV

DATA UTILIZED FOR THE SPEARMAN'S RANK

- — i —

anda-use % |BUL (au (20 jQuq Qtg | a ja [L* L* |L® " IT |T |RH JRH|Rn [Rn
UR DEN BUL| TR | RA yHA HAJRA |[HA HA JRA RA RA HA RA | HA |[RA |HA
L Unit % km2 cmi cmj Lyv- lLy %1% |Ly Ly |Ly N4 ¢ i o % % jLy Ly
Lm:i.n'%min"1 minT Slmini|miafnan Y miAmir
1o High denc.ty} 84e7|8,000| 7.4]106{ .25 .27 | 22]1ali1a  [.13].1220.020}28.1|29. 7|82 | 29 |120}159
2e Medium " 7863 450] 842] 114] «29 |430 1LoN s 17 016|«116e020}26.4|27.1}83 | 32 |[136]142
30 Low densily | 87.8 700| 1091 102| .30 ',32 16117 119 e17!e107,013 ;26,0}26,5]|586] 35 [122 ;130
4, Rural 2444 306] 46| 96| «33 |.35 17116 |22 020095006 |27.,9]25.8|87 |38 [101]|112
5« Commercisl 80.5]|1800 (113|105} 624 |e20 12112 |.13 011]e15Ye020 28,330,280 |27 |[151]163
6. Open Space 0.8 10 0 163] 30 o33 16116 L.20 018104009 |26.0|26,2|86 |36 [110|126
UR - Urban
DEN = Density
BUL, - building
TR lree

KA

HAa

Rain

narmattan





