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Abstract

Indoor and outdoor air temperatures remain the dominant climatic factor affecting
thermal comfort in the tropicsA thermal comfort survey was conducted in Ibadan
metropolis Nigeria Ten percent (12) of the 119 neighbourhoods ifledt from the
metropolitan map were selected by stratified random sampling comprising 2 low, 3
medium and 7 high residential densitidgadoor and outdoor measurements of air
temperature and other relevant climatic elements were done in representadive)®um
the neighbourhoodsSignificant variations of air temperature and thermal response
manifested across the residential densities and neighbourhoods. The vaoifition
temperatureacross residential densities and the effect on indoor thermal cogivert
inferenceto the impact of the urban microclimate on indoor comforaktomfortvote
was related toindoor and outdoor temperatut®y linear equations.The equations
confirmed the concept of the dynamic relationship between architecture and climate.

Keywords: air temperature, thermal comfotppical climateurban microclimate, urban
residential densities

Introduction

The influence of heat is pronounced in the tropics due to the impact of high levels
of solar radiation. The heat intensity is feithin buildings by the residents as described
by the high levels of indoor temperatur@sie substantialevel of activity, congestion
and industrial processes in ttiepical city environmentalso contribute to the buildup of
heat. All these add to tlliscomfort experiencediccording to Emmanuel (2005), urban
transition is currently at its peak in the tragicegiondeading tocongestion and thermal
discomfort.Jusuf et al (2007also stated thahe urban air temperature is gradually rising
in all cties in the world, caused by drastic reduction in the green area in cities. For
Ibadanmetropolisin Nigerig the study area specifically, Adesoye (20fd)ynd that
meanmaximum temperature has been on the increase frd@ 01979 to 33.% in
2009.Thelevel of indoor thermal comfort obtainable in the high temperature conditions
Is of concern especially with the treat of climate change.

Indoor and outdoor air temperatures remain the dominant climatic factor affecting
thermal comfort in the tropics. Thafternoon period in the tropics is noted for hot
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discomfort due to the impact of intense solar radiation which leads to high temperatures
during the period. This consistent impact of high insolation affects buildings and slictate
levels of indoor comforta a high degree. It must be established in principle that
buildings generally and theesidential buildingn particularmust provide a functionally
acceptable thermal emenment.The home environmerghould present an atmosphere
suitable for its purposef being a place of resiThe variation of temperatures across
residential densities in urban areas and the effect on indoor thermal cad@ainter

to the impact of the urban microclimada the built environment in cities

A thermal comfort field srvey was carried out in Ibadan metropolis with a view
to relating the indoor comfort of residents to tetdoor and indooarir temperature
across the differentesidential neighbouhood#ccording to Humphreys (1975), field
studies of thermal comforre with two purposes: (1) to find a way of describing the
thermal environment which correlates well with human response, thus enabling reliable
predictions to be made, and (2) to define the range of conditions found to be pleasant or
tolerable by the popul@n concerned. This contextualstudy was aimed axamining
resident sé t her mathedomnan dimasicefactorrodir teraplerattirée on t o
in the tropical environment

Literature Review

A building can be climateesponsiveBeng (1994) oferved that climate as a
prime factor in built form, is the mainspring for all the sensual qualities that add up to a
vital tropical architecture. The building envelope designedselective filter: excluthg
unwanted influences like excessive radiatidmut admiting the desirable and useful
elementsl i ke appropriate daylighting. It shoul d
required indoor conditions with little or no use of energy, other than from ambient or
renewable sources (Szokolay and Brisbin400he thermal behaviour of a building,
which is a product of the interaction between architecture and climate, has great effect on
the energy use and sustainability of the building.

There is a variety of climatic influences and effects on individualgdibgs and
communities. The architectural design is traditionally shaped by the challenges and
opportunities of the regional climatesivoni (1998)asserted thahe urban climate and
the building indoor climate are both parts of a climatological cantin There is an
operational regional natural climate which is modified at the urban scale by the structure
of the town or city. This is further modified at the site scale by the individual building.
The analysis of the local climatic conditions is theatstg point in formulating building
and urban design principles aimed at maximizing comfort and minimizing the use of
energy for heating and cooling. Different comfort standards are justified for countries
with different climatic conditions and stages afomomic development. According to
Givoni (1998), studies have indicated that persons living in hot countries prefer higher
temperatures thatme recommendations by the American and European standards such as
ASHRAE comfort nomogr am atom This Reaesgfatekither Co mf or
evaluation of tropical indoor comfort.

It was shown by Humphreys (1978)Auliciems (1981)and deDear (199&hat
thermal neutrality is a function of the prevailing climatea location The correlation



equatiors related natrality temperature to mean outdoor temperatlineHaase and
Amato (2009) climatic condition was considered from the findings as the most important
factor in the determination of thermal comfort. Also, according to Nicol and Humphreys
(2010), the deriviion of an adaptive equation for thermal comfort in fre@nning
buildings established a relationship between indoor comfort and outdoor climate. The
paper descriliehow the indoor comfort conditions were related to the running mean of
the outdoor temperate, and addressed the effect of air movement and humidity. The
dependence of indoor environmental conditions on the external climatic congagon
emphasizedAccording to Humphreys (1975), in mas the studies of thermal coart a

far greater part ofhe variation in response can be attributed to change in temperature
than to changes in either humidity or air moveméniustalsobe emphasized thabe
concept of adaptive thermal comfort is the basis of the thermal experietieeurban
spatial enrronment Surveys which show the effect of adaptive actions in significantly
increasing the tolerance of subjects in real contextual situations are listed in deDear
(1998) As stated by Humphreys et al (2007), the concept is that thermal comfort is self
regulating whereby people take actions to attain comfort.

Furthermore, Here is presently a dynamic interaction between the built and
natural environments that needs toldadancedas stated byearlmutter (2000). This is
because of human requirement foertnal comfort. Being warrblooded, humans have
to maintain core temperatures at 37°C in diverse climatic environments. There should be
a return to the bielimatic concept of design in architectuudies have indicated the
importance of the dynamic inmection between climate and architectuwigich emphasize
that dimatic analysisis important for the effective design of buildingehe role that
building physical, spatial and location characteristics play in the modification of climatic
factors indoorss recognizedThe tropical urban microclimate needs to be analyzed to
adequately approach the fmématic building design forindoor comfort. The impact of
air temperaturen the thermal comfort of urban resideista subject of interest.

Study Area

Ibadan metropolis is an urban centre located on latitf@376 N and | ongi t
56 E i n -Westarn p&roofi NideriéFig. 1). The city ranges in elevation from
150m above sea level in the valley area to 275m on the majorsauth ridge which
crossesthe central part of the cityhttp://www.absoluteastronomy.com/topics/Ibagdan
Figure 2 shows the distribution of the residential building densities in the metropolis.
Ibadan falls within te warmhumid tropical climate with a seasonally humid
classification because of its inland locatidime climatic pattern is dominated by periods
of high rainfall especially in the rainy season. There are considerable solar radiation
intensity and high tempatures, high humidity, light winds and long periods of still air.
There are two broad seasonal patterns in Ibadan, namely the dry season (November to
April) and the rainy season (May to October). The weather conditions in Ibadan, as well
as in other placein Nigeria and other West African countries during the course of a
given year actually depends on the location of the place in relation to the fluctuating
surface position of the Intéfropical Dscontinuity (ITD)in the regionOjo, 1977).
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Figure 1: Tle site of Ibadan.
Source: Adapted from Ayeni (1994).

According to theanalysis of the Ibadan climatgiven by BBC Weather
(http:/en.wikipeadia.org/wiki/lbadaNjgeria##), the record highest temperatures €39
occurred in February and %8 in March andApril. The mean maximum temperature was
highest in February and March (&) closely followed by April, January and November
(33°C). The months with the lowest mean maximum temperatures were Augf&) (27
and July (28C). The record lowest temperature wia8°C in January. The mean
minimum temperature was least in January, July, August and DecemfB@) &t was
highest in March and April (Z&). With respect to the sunshine hours, highest value of
198 was in February, November and December followed byiid@nuary, April and
May. From the analysis the month of April in which the survey was done rightly qualified
as one of the expected hot and uncomfortable months in the study area.
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Figure2: Ibadan metropolis showing the building densities.
Source: Adpted from Asiyanbola (2011).
Methodology

A thermal comfort survey was conducted in Ibadan metropolis to examine the
adaptive thermal comfort of the resideatsd the thermal experience of the residents in
relation to the air temperaturefen percent (120f the 119 neighbourhoods identified
from the metropolitan map were selected by stratified random sampling comprising 2
low, 3 medium and 7 high residential densities. The total number of houses in each of the
neighbourhoods was estimated to be an averalge of 885 based on data from National
Bureau of Statistics (2008). A sample size of five percent of this gave 44 houses in each
neighbourhood which were selected using systematic random sampling to give a total of
528 houses for the surveyor each selcted building an adult resident filled a



guestionnaire indicating thadoorthermal response at different periods of the day using

the ASHRAE thermal comfort scal@fable 1) A special afternoon indoor thermal
comfort assessment watso donein eachhouse The survey was done for a period of

one day in each house with respondents monitoring their respective thermal sensation
during the different periods othe day. The thermal scale was explaiaed the rating
systemtranslatedo the resporehts.Carewas taken not to translatee responsé h ot 6
literally because there isragionalcultural belief thathe home should not be described

as hot. |l nstead the translation for O6hotdé w
milder word.6 Neut r as d® twasnsallat ed as Thaerespandests war m
that wereliteratefilled the questionnaire independentg they monitored their thermal
feelings during the dajput about 15% ofespondents with lower literacy levelere
interviewedto completethe questionnairélom memory The ndoor andmeasurements

of relevant climatic elements were done in representative buildings in the
neighbourhoods.Measured were outdoor anddoor air temperature (T)relative
humidity (RH) outdoor and indoor air veldgg (AV). The weathermeasuring
instruments used comprised the following: La Crosse Technology Instant Transmission
Plus Weather Stations which offered immediate update of all outdoor and indoor climatic
data measured from trangteis (with the indoor teperature range 68.9°Cto +59.9°C

with 0.1°C resolution, outdoor temperature range-89.9 °C to 59.9°C with 0.1°C
resolution and humidity range of 1% to 99% with1% resoluti8mart Sensor Intell Plus
Electronic Anemometer@vith wind speed rangef @ to 30m/s, 0.1m/s resolution and 5%
accuracy)and MultiThermo Digital Instrumentgwith resolution of 0.£C and accuracy

of £1°C) . The survey was done ifpril which was analyzed to bene of the hottest
months in thestudy areaThe measurementsene taken osunny days in the mon#nd
additional measurements were taken for each location on other days in the same month to
verify the data Along with the measurements of the environmental parameters, the
different entities of personal, spatial, Itiom and adaptive factors relevant to thermal
comfort were recordednd analyzetio have a comprehensive assessment of the adaptive
thermal response of the residents.

Table 1: The ASHRAE Scale of warmth

THERMAL RESPONSE NUMBERING

Hot +3

Warm +2

Slightly warm +1
Neutral 0

Slightly cool -1

Cool -2

Cold -3




Research Findings

Relevant data was collected from the study and analyzed and the findings are
hereby discussed in this sectiomder the following sulheadings

1. Characteristics of the Respondets, Buildings and Neghbourhoods

A total number of 528 respondents were surveyed in Ibadan metropotisof
this number, 271 were male (51.3%) and 257 were female (48.7%). 42.8% of the
respondent s 630weans, d5.680fwera deyeals &nd 11.6%ere 55 years
and above. With respect to their length of stay in their respective houses, 18% had stayed
for 1-2 years, 54.7%) had stayed fod8 years and 27.3% had stayed for over 10 years.
Their value judgments were therefore reliable.

The total numbeof residential buildings selected in Ibadan metropolis for the
survey was 528 with 88 located in low density neighbourhoods, 132 located in medium
density neighbourhoods and 308 located in high density neighbourhoods. 44 buildings
each were selecteddthin the following 12 neighbourhoods: New Bodija, Idi Ishin (2 low
density), Abayomi, Od®na Elewe, ljokodo (3 medium density), Mokola, Agbowo,

Table2: Some characteristics of the 12 survegedhbourhoods in Ibadan metropolis.

NEIGHBOURHOOD| BUILDING | LEVEL TERRAIN PRESENCE
DENSITY | OF OF GREEN
TRAFFIC AREAS
Idi-Ishin Low Low Level lowland High
Mokola High High Hilly Very Low
Abayomi Medium High Level lowland Low
Apata High High Hilly/Level lowland Very Low
Oke Ado High Medium | Level lowland/Hilly Very Low
Aliwo High High Level lowland Very Low
New Bodija Low Medium | Level lowland Medium
Challenge High Medium | Level lowland Low
Odo Ona Elewe Medium Medium | Valley/Level lowland | Medium
Agbowo High Medium | Level lowland Medium
ljiokodo Medium Medium | Levd lowland Low
lle-titun High High Level lowland Very low

Source: Adunola (2011).



Challenge, Apata, Aliwo, OkéAdo, lle-titun (7 high density). Theesidentialbuilding

types consisted of 63 fate-face bungalows (11.9%), 202 fatmeface storey buildigs
(38.3%), 107 bungalow flats (20.3%), 107 storey flats (20.3%) and 49 duplex buildings
(9.3%). The faceto-face types are built such that rooms are lined up facing one another
in two rows with a central corridor space-birtween. The storey classificaticare
residential buildings with two or three floor&ccording to the typology, there were 60
traditional buildings (11.4%), 237 vernacular buildings (44.9%) and 231 contemporary
buildings (43.8%)Photographs of typical buildings in these classificatiaresprovided

in the Appendix.The analysis of the design plan and form of the buildings gave a
categorization of 128 linear buildings (24.2%), 350 compact buildings (66.3%) and 49
compact buildings enclosing courtyards (9.3%Xxpectedly, the 12 neighbdwods
exhibited different characteristics of green landscape, terrain and vehicular traffic. The
neighbourhood characteristics are presented in Table 2.

2. MeasuredIndoor and Outdoor Conditions across Neighbourhoods

It was found that outdoor and indo@ntperatures were higher in the afternoon
and lower in the late night and early morning. The reverse was the case for the relative
humidity which had lower values in the afternoon and higher values in the early morning
and night. Of concern were the maximuectorded temperatures. From the measured
data, the outdoor temperatures were usually highest from about 1.00pm to 4.00pm while
the indoor temperatures were highest from about 2.00pm to 5.00pm. These signified the
periods of hot discomfort in the day. Theaximum outdoor temperatuesxdd maximum
indoor temperaturearied slightly across the neighbourhoddable 3).lt was noted that
the high density neighbourhoods had the highest values while the low density
neighbourhoods had the least valudsximum values ofmeasured outdoor and indoor
temperatures ranged from 34Q to 36.9°C and from 32.%C to 35C respectivelyThe
reduction in maximum temperatures from outdoor to indoor was in the rangeiol B6
deg C.This was significant in establishing thepact of the building envelope on the
climate. Howeverthe finding also inferred thatmany ofthe residential buildings in
Ibadan metropolis were generally nweéry effective in reducing the higloutdoor
temperatures of the afternoon periddhe implicaton was that many of the buildings
needed more thermal effectivenedher in terms of design or fabric or both.

The measurements of outdoor and indoor temperatures taken during the survey
were found to be strongly correlated to the neighbourhood chasticteiof building
density, level of traffic and presence of green areas (Table 4). The air temperature
variation across the neighbourhoods was therefore taken as an indication of the influence
of the different neighbourhood characteristics such as densitffic and landscape
features. The diversity of the urban form was therefore inferred as a factor that affected
the urban microclimate. Figures 3 and 4 indicate the variations of the indoor and outdoor
temperatures across the 12 surveyed neighbourh@od$he metropolis. A graph
indicating a typical variation of outdoor and indoor temperature values in one of the
houses is shown in Fig. 5.

The relative humidity values varied slightly across the neighbourhoods from a
minimum of 54% measured at 2.45pm tonaximum of 80% measured at 7.30am. The
outdoor air velocity ranged from averages of 0.2m/s to 1.8m/s across the neighbourhoods



with periods of still air recorded in the afternoon period. Indoor air velocity was low,
ranging from a minimum of Om/s to a maxim of 0.2m/s with the average values
usually between 0 and 0.1m/s. Extensive periods of still air were recorded indoors.

Table3: Maximum recorded temperatures

NEIGHBOURHOOD MAXIMUM  OUTDOOR | MAXIMUM INDOOR
TEMPERATURE (C) TEMPERATURE {C)
Idi-Ishin 341 32.5
Mokola 36.9 34.3
Abayomi 36.4 33.9
Apata 36.5 34.1
Oke Ado 36.9 34.4
Aliwo 36.3 34.7
New Bodija 34.3 32.5
Challenge 36.2 34.1
Odo Ona Elewe 355 33.9
Agbowo 36.4 34.1
ljokodo 35.5 33.9
lle-titun 36.6 35.0

Source: Adunola (2011).



Table4: Correlation of Air Temperature améeighbourhood Characteristics

Building |Level of [Terrain Presence g
Density  [Traffic Green
Areas

Outdoor Temperature Morning |.613" 371 -.022 241" Pearson Correlation
.000 .000 .618 .000 Significance P-tailed)
528 528 528 528 N

Outdoor Temperature Afternoor].613" 371 -.022 241" Pearson Correlation
.000 .000 .618 .000 Significance (2ailed)
528 528 528 528 N

Outdoor Temperature Evening |.613" 371 -.022 241" Pearson Correlation
.000 .000 .618 .000 Significance (Zailed)
528 528 528 528 N

Outdoor Temperature Night ~ [.401" -.027 -.030 -177" Pearson Correlation
.000 .543 497 .000 Significance (Zailed)
528 528 528 528 N

Indoor Temperature Morning  |.610" .300" -.009 .160" Pearson Correlation
.000 .000 .834 .000 Significance (2ailed)
528 528 528 528 N

Indoor Temperature Afternoon |.615 .356" -.019 223" Pearson Correlation
.000 .000 .663 .000 Significance (Zailed)
528 528 528 528 N

Indoor Temperature Evening |.571" 193" .007 .049 Pearson Correlation
.000 .000 .870 .263 Significance (2ailed)
528 528 528 528 N

Indoor Temperature Night .584" .361" -.071 223" Pearson Correlation
.000 .000 101 .000 Significance (2ailed)
528 528 528 528 N
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Figure5: Typical Outdoor and Indoor temperature variationa housen the study area
3. Variation of Thermal Responsein the Metropolis

There was significant variation of thermal respes across the resi@l densities and

house typesThe following bar charts (Figurésand7) provide further explanation of the
distribution of the respondents6é ther mal
of the mean comfort votes acrosse tldifferent cases that were considered. The
distribution of the responses indicated that there were variations imdber thermal
experience of the respondents living in the different categories of residential densities,
building types and typologies.h& analysis showed that the face to face bungalow and
face to face storey house types were uncomfortable for respondents while the bungalow
flats, storey flats and the duplex house types were reported more comfortable. The
dynamism of the responses waswhan the way the votes were distributed over almost
every thermal response category in each considered case. This signified the variety that is
attributable to human psychological response to thermal comfort. However, it was also
noted that majority of mgpondents usually gave their responses in three adjacent thermal
response categories. This justified the use of the mean vote for the total population since
the majority always gave their thermal responses in similar response categories on the
thermal seration scale.

It was remarkable that the mean votes of adaptive thermal responses varied across
the periods of the day and across the neighbourh¢balsle 5) The values obtained
reflected the results of the earlier analysis of air temperatures acrossghbourhoods.

The buildings in the low density neighbourhoods were generally comfortable while

€ S
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Figure 6: The distribution of thermal responses for the afternoon special assessment
across building densities and building types in the study area

Building density

Low Medium High
50
407 traditional
204
0 re—— — 1 I_l |_| |
60—
CHT“_ vernacular
20
i —— olnml|__ =0
50
407 contemporary
20
HHH_ Imﬂﬂﬂﬂﬁ _mﬂﬂﬂﬂﬁ

8]

( -1 +1 +3 ( +3) (-3 -1 +1
cold Sl|g Iy sﬁg Iy (h Id S|Igh‘E|y' Sllg Iy (hot cold sllg Iy Sﬁg Iy (hot)
cool  warm cool  warm cool  Warm

Figure7: The distribution of thermal responses for the afternoon special assessment
across building densities and design typologies in the study area



buildings in the high density neighbourhoods were uncomfortable as assessed by the
respondents in the afternooperiod. The calculated combined mean votes for all
respondents could however be used to give a general descriptiortehfi@alvariation

of the thermal comfort within the buildings in the study area. The combined mean vote
for morning was-1.335 (co® and combined mean vote for afternoon was +0.857
(warm). The combined mean vote for evening was +0.195 (slightly warm) while the
combined mean vote for night wa.619 (slightly cool)These values indicated that the
responses followed the patternatdoor and indoogir temperaturéemporalvariatiors

in the metropolisas shown earlier in Figs. 3 and Air temperature was therefore
confirmed as a very significant parameter of thermal comfort in the study Hnea.
variation of temperatures acrossidesitial densities and the effect on indoor thermal
comfort is a pointer to the impact of the urban microclimate on the built environment in

Table5: This is a table of the mean comfort votes of respondents in the different periods
of the day.

Neighbourlood/ Number of | Mean Vote| Mean Vote| Mean Mean
Building Density | Respondents Morning | Afternoon Vote Vote
(3pm) Evening Night
(10am) (6pm) | (9pm)
New Bodija Low 44 -1.818 -0.591 -1.341 -2.000
Mokola- High 44 -0.364 +1.705 +1.318 | +0.523
ljokodo- Medium 44 -1.143 +0.452 -0.643 -1.619
Abayomi Medium 44 -1.636 +0.591 +0.455 |-0.318
Oke Ado High 44 -1.293 +1.698 +0.690 | +0.119
Aliwo - High 44 -1.045 +1.364 +1.182 | +0.455
Apata Apata 44 -1.886 +1.636 +0.159 | -0.886
lle titun- High 44 -1.238 +1.907 +0.762 | -0.244
Idi Ishin- Low 44 -2.023 -1.114 -1.477 -2.227
Odo Ona Elewe 44 -1.477 +1.205 +0.318 |-0.614
Medium
Challenge High 44 -0.905 +1.333 +1.238 | +0.548
Agbowo- High 44 -1.132 -0.026 -0.351 -1.189
COMBINED VOTE | 528 -1.335 +0.857 +0.195 |-0.619

Source: Adunia (2011).



the metropolis.The mean comfort votes for the low, medium and high density
neighbourhoods implied decreasing indoor comfort level with increasing density. The
impact of building density was found remarkable on air temperature and the indoor
confort.

4. Variation of Mean Comfort Vote with Air Temperature

The pattern of variatiomf the MeanComfort Votes ofthe Adaptive thermal
responsewith indoor and outdooriatemperatures were of interest in this study. Té&ble
indicates the various indoo and outdoor temperatures and tb@respondingmean
comfort votes of adajive thermal responseGraphs were plotted to relat@door
temperature and @ancomfort vote as well aputdoor temperaturand mean comfort
vote The graphs indicatesignificantlinearrelationships with high R Square values.

Table6: Air temperatures and Residentso

Outdoor Temprature oC Indoor Temgrature oC MeanComfortVote
morning
28.6 29.4 -1.761
28.2 29.0 -1.920
28.5 30.3 -1.284
29.2 28.6 -1.096
29.3 30.0 -1.139
29.4 29.2 -0.719
afternoon
36.6 33.9 1.114
34.1 32.5 -0.829
35.5 33.5 0.837
36.9 34.1 1.518
36.4 34.3 0.902
36.0 35.0 1.632
evening
32.0 33.1 0.307
31.5 32.1 -1.409
32.8 33.0 -0.151
33.7 34.1 0.977
32.2. 32.9 0.964
33.0 33.6 0.555
night
29.2 30.9 -0.602
27.3 29.7 -2.114
28.0 30.4 -1.105
27.5 30.0 0.042
28.5 31.0 0.118

Source: Adunola (2011).
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The data from the tableas analyzedo producethe graph(Fig. 7) with the equation
relatingmeancomfortvoteto indoor temperaturgiven as

y =0.48% i 15.59 (1)
where y =meancomfort vote and x =indoor temperatureR Square value was 0.722
which implied a very strong linear relationshiphe secondgraph for the outdoor
temperaturéFig. 8) alsoindicated dinearequation as follows

y =0.28 T 9.062 (2
where y =meancomfort vote and x =outdoor temperatureR Square value was @5
which implied a very strong relationship.

These equationsan beusedto provide estimaté corresponding values of mean
votes of respondents and the indoor and outdoor temperatures. It must be noted however,
that therewere several other factorthat influenced the mean votealong with air
temperature The data collected for all other variables were analy2didthe sets of
predictor variables explained remarkable percentages of the variance of the adaptive
thermal response in the afternoon period d®vig: building spatial characteristics
35.%%6 (F= 14.797,00 . (é&ajion characteristie6.8% (F= 31.710; 00 . ©uEdpar
climatic factors 21.2 (F= 34.382,00 . @d&spnal characteristic20.4% (F= 10.093,

;1O 0 . ,Gadaptive actionsl4.6%(F= 5810,; 00 . ,GnHopr climatic factors 11.8%F=
22.866,)O0 . .0Me)set ol combination o&ll the listed variables personaladaptive

action, climatic, spatial and location characteristics as predigtniables explained

52.1% of the variance of ttelaptive thermal responéeF = 1 0. 474, | O0. 05)

When interpreting theespectiveresults obtainedfor indoor temperature from
equation (1)and outdoor temperaturesom equation(2) therefore, thesubstantial
contextual input ofother variables of adaptivehermal comfortespecially adaptive
actions must be recognizedit was deduced thathte r espondent 6s adapt
enabled them to tolerate the high values of indoor and outdoor temperatures recorded in
the study.The adaptive nature of human thermainfort has been expressed as being a
means of extending the comfort conditions within spaces as occupants utilize the adaptive
opportunities available to therhe uncomfortable thermal conditions in the pesiodl
discomfort enabled the principle of ad&pt comfort to be operational. The adaptive
principle states that if a change occurs such as to produce discomfort, people react in
ways which tend to restore their comfort (Nicol and Humphreys 2002).
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Conclusion

Maximumvalues ofmeasured odbor and indoor temperaturesngedfrom 34.1
°C to 36.9C and from 32.%C to 35C respectivelyThis occurredn the afternoon period
making it the most uncomfortable in the study afiée reduction of 1.6:1.9 degC from
the outdoor maximum to the indo maximum temperatusavasa confirmation of the
interaction between the buildings and the climate. It was inferred that many of the
buildingsin the study areaeeded more thermal effectiveness either in terms of design or
fabric compositionor both to le able to further reducmdoor temperatures anihe
discomfortimpact of the urban microclimatirdoor and outdooriatemperatursvaried
across the neighbourhoodsid theair temperature of the city built environments
found to beinfluenced by the ban neighbourhood characteristidshis inferred the
influence of urban form on the urban microclimatariations were found in the obtained
mean comfort votes of adaptive thermal responses across the residential neighbourhoods,
building densities and luse typesThe thermal responsef resdents were found to be a
function of theindoor and outdoor temperatures respectively. Both indoor and owtioor
temperatures wergespectivelyconfirmed asstrong determinants of the mean comfort
voteof the respodentswith equationgelating them

From the findings, somecommendationsanbe made towards the attaiant of
better indoor environmerm Ibadan and otheXigerian citiesbased on the physiological
needs of theresidentsfor comfortableindoor therma environment. Effective uban
designin tropical regionsieeds the input of research findings on indoor thermal comfort
because building thermal comfort affetihe sustainability of the urban environmeiit.
was found that air temperatures were highemaighbourhoods with highouilding
density and high levedf traffic. The master plan of urban centres shaiereforebe
prepared with adequate thermal comfort considerations at both the micro and macro
levels. Appropriate building densities have to basidered fourbanneighbourhoods. A
decongestion programme should be embarked on for presently high density
neighbourhoods to reduce the thermal discomfort in such neighbourhoods. There should
be introduction of green areasthe cities with recreatiohgarks located in the central
areas to Hp in reducing air temperatureBlanting of trees all neighbourhoodwithin
the ciiesshould be effectetb enhance air movement and provide shade from the heat of
direct solar radiationf adequate steps ataken to reduce air temperatumeshe citythe
built environmentill be more comfortable.
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Appendix
Photographs of typical house typesin Ibadan metropolis.

A face to face bungalow in the study area.



A face to face storey house in the study area.

A duplex in the study area.



A traditional house in the study area.

A vernacular housi the study area.

A contemporary house in the study area.



