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Abstract
This study examined the indoor thermal comfort characteristics and it implications for the health of the inhabitants in Yenagoa, Bayelsa state, Nigeria.
The study used the experimental and survey research designs to gather primary data of temperature (dry and wet bulb), and perception of the inhabitants regarding thermal conditions in the study area. The effective temperature equation was used to determine the thermal comfort characteristics of
the residential buildings in the study area, while the analysis of variance
(ANOVA) model was used to determine the spatial variation in thermal
comfort characteristics across the different land uses in the study area. The
findings of the study include: the thermal comfort characteristics for the
study area ranged between 27.3 ET & 29.08 ET at the dry period and at wet
period 25.6 ET and 27.10 ET. The ANOVA model was significant at P < 0.05
(F-118.23, sig-0.00), indicating that there is a significant difference in the
thermal comfort characteristics in the study area. The Duncan statistics however, revealed that, the GRA is the coolest when it comes to effective temperature. Furthermore, the respondents identified that; the period of discomfort
is mostly afternoon (37.3%) and Nights (35.1%). Health problems as a result
of poor thermal conditions include skin rashes (59.8%), heat cramps (26.4%),
prickly heat (42%) and heat exhaustion (51.3%). As a result of the findings
the study strongly advocates, building residential buildings with several
openings and locating such openings in recognition of the wind direction.
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1. Introduction
Globally, shelter remains one of the top priorities for government of nations. This
is so not only because, buildings are needed to protect lives, but also people need
to rest after a hard days’ work. Furthermore, buildings are needed to provide
space for keeping the acquisitions (household properties) of persons. Therefore,
shelter is an very improtant requirement with which to settle people in any environment. However, for any building to be effective for use by humans, the indoor thermal conditions must be satisfactory [1] [2] [3] [4] [5].
Nevertheless, the first factor that is considered when building in the developed
world is how much comfort a proposed building will have on people who are to
dwell therein, and with such comfort not realised using additional cost with energy. Therefore, buildings are designed in such a way that, comfort is given maximum attention, before considering the aesthetic characteristics of the building.
In such climes, the meteorological conditions and other environmental factors
are considered when designing buildings. Experts trained in the skill of building,
and interpreting plans are employed from the design phase to the interpretation,
through the completion. As such the thermal conditions of buildings in the developed world are tolerated by the inhabitants [6] [7].
In the developing world, the case is not the same. Building designs are borrowed
from totally different climates and built here. Persons who have no skill in building construction are contracted to build houses, just to avert cost. As a result,
buildings are not properly thought through and by implication impacting the
indoor temperature characteristics. Similarly, most private investors are in the
real estate business to make profit, not bordering what the implication of their
actions would be for the persons that will rent or lease such buildings. This has
not been helped by the land rent which is so high in urban centres of the developing world, which continues to force the land owners to maximize the land space
they have for building purposes. The situation in Yenagoa properly fits into the
above stated problems. Moreso, economic consideration mostly limits the type
of buildings…, economic consideration mostly determines the type of buildings
that are built rather than, the comfort that such buildings ought to generate for
the occupants. Similarly, buildings are not built according to standards, and
where they are built to standard, the cost to rent them is usually too high to afford. The implication is that people are forced to dwell in buildings that they ordinarily won’t inhabit. Apart from stress, health problems also emanate from
thermal discomfort. Several studies have looked at the indoor and outdoor thermal
comfort conditions in the past [7]-[17] but none to the best of the knowledge of
the researchers, have looked at the health effect of thermal comfort for building
occupants. This study assessed the thermal comfort characteristics and its effects
on health of residents in residential building types in Yenagoa, Bayelsa state.
DOI: 10.4236/acs.2020.102014
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2. Materials and Methods
2.1. Study Area
This research was conducted in Yenagoa, being the capital city of Bayelsa state.
It is located on Latitude 4˚52' & 4˚58'N, and longitude 6˚16' & 6˚20'E (Figure 1).
The city is 21,110 km2 in size (Google earth, 2016). To the North the area is delimited by Kolokuma/Opokuma LGA, South by Southern-Ijaw LGA, at the
North-west by Sagbama LGA and to the East by Ogbia LGA [18].
The area located in the tropical setting that is characterised by the tropical
rain forest climate type of the [19]. The climate of the study area is determined
by two principal air masses, namely, Tropical Maritime Air-mass (mT) and
Tropical Continental Air-mass (cT). These combined influence the seasons in
the study environment, (which are the wet and dry seasons). Recently, however,
research [20] has revealed that there is no distinct dry period in the area as all
months have an average rainfall amount of 0.25 mm. However, the anthropogenic activities in the area in recent decades which is an exodus from the discovery and mining of crude oil in the area has resulted in the emission of GHGs,
deforestation, and the altering of the original climate of the study area [20]. As a
result, the building comfort characteristics in the area, are already greatly affected, and by extension could affect health if not ameliorated or averted.

2.2. Methods
The research design adopted for this study is the experimental and survey research designs design. Furthermore, the primary data were used for the study
and included data obtained from daily reading of the wet bulb and dry bulb

Figure 1. Yenagoa showing major communities.
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thermometers situated at the sample points. Similarly, questionnaire copies were
used to generate information regarding the perceived health effect of indoor
thermal comfort in the area. Furthermore, the study adopted the stratified sampling technique to delineate 5 zones using the land-use as the determinant. As a
result, the researchers derived five land-uses that are listed as below:
1) Residential areas;
2) Industrial areas;
3) Commercial areas;
4) Governmental (GRA);
5) Mixed uses.
This method of calibration has been used by [21] [22] [23], and [14]. About 20
neighbourhoods were delineated in the study area (see Table 1). Within each
neighbourhood, all existing streets (598 in number) which are registered with the
urban development authority were given identification numbers. Using a systematic random sampling technique, every 3rd street was slected to achieve the
objective of the study.
The calibration in Table 1 implies that 33.33% of registered streets are sampled. After selecting the streets, 3 houses (Bungalows only) were selected based
on predetermined classification of housing type (Table 2). Therefore a total of
597 houses were selected for the study (3 in every street).
For the daily reading of the wet & dry bulb thermometers, the living rooms
were the sample points. Thermometers were mounted at 1.5 m (5 ft) above the
floor for the purpose of uniformity and a scientific approach to data acquisition.
Again the standard has been suggested by world meteorological organisation
(WMO). This method has been used by [14] and reasonable success was realised.
Table 1. Neighborhoods in the study area and the number of streets sampled.
Number of
Number of
Number of houses
streets
sampled streets
to be sampled

Zones

Areas

A

Agudama, Akenpai, Biogbolo, NIIT

246/3

82

246

B

Bayelsa-Palm, Gbarantoru, Imiringi

17/3

6

116

C

Tombia Round-about, Ede-Epe,
Amarata, Swali, Imgbi, Ekeki 1

168/3

56

168

D

Commissioners Qurts, Opolo, G.R.A

54/3

18

54

E

Arieta-line, Kpansia, Okaka, Igbogene

113/3

37

113

598

199

597

Total

Table 2. Building types in Yenagoa.
Building type

DOI: 10.4236/acs.2020.102014

Characteristic

1

Stone coated roof, parapet, Pop ceiling, window (casement, Single Hung, Bay,
Awning, Arched), ceramic floor tiles

2

Long spam roofing sheets, PVC ceilings, sliding windows,
ceramic/cement/rug/plastic carpet floors.

3

Metal zinc/Asbestos roof, louvers/wooden windows, cement/terrazzo floor,
asbestos ceilings
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The dwelling units sampled were the buildings without air conditioning systems
(AC) (i.e. naturally ventilated buildings).
Before the readings of the hygrometer and the maximum and minimum thermometer were done in all the sample points, the instruments were made to stay
for 5 minutes, a time-frame within which the instruments could get adapted to
the climatic condition of the particular sample point. This condition is known as
the process of standardization of the instrument. This process has been applied
by [15] [20] and was effective. The measurements of the parameters for the
study were carried out at climatological hours (00:00 hrs, 6:00 hrs, 12:00 hrs, and
18:00 hrs) for a period of one year.
The effective temperature index (ET) (Equation (1)) was used to determine
the comfort level of the dwelling units as suggested by [24].
ET = 0.4 (Td + Tw) + 4.8

(1)

Hence an ET value of 18.9˚C or below indicates cold stress, while an ET value
of above 25.6˚C reveals heat stress [14] [24]. The data were analysed using analysis of variance (ANOVA). The ANOVA analysis was carried out in the
IBM/SPSS v 22 environment.

3. Results
Table 3 shows the effective temperature characteristics for the different building
Table 3. Effective temperature characteristics in the different building types in Yeanagoa.
Land use types Building types

Residential

Industrial

Commercial

Governmental

Mixed

Effective temperature in ˚C
00:00

6:00

12:00

18:00

Wet period Dry period

1

26.33

25.72

27.01.

28.74

25.5

30.49

2

26.21

25.64

27.51

28.59

25.31

30.34

3

26.04

25.42

26.04

28.39

24.84

30.14

1

26.89

25.92

26.82

29.34

25.42

31.09

2

26.73

25.84

26.75

29.29

25.34

31.04

3

26.51

25.69

26.53

28.92

25.19

30.67

1

27.23

25.89

26.83

28.94

25.39

30.69

2

27.34

25.82

26.73

28.72

25.32

30.47

3

26.91

25.76

26.41

28.54

25.26

30.29

1

26.36

25.81

26.38

28.79

25.31

30.54

2

26.28

25.73

26.31

28.48

25.23

30.23

3

26.09

25.69

26.17

28.27

25.19

30.02

1

26.70

25.69

26.76

28.95

25.19

30.70

2

26.64

25.58

26.69

28.77

25.08

30.52

3

26.39

25.51

26.54

28.53

25.01

30.28

N.B: building types are as defined. 1. Stone coated roof, parapet, Pop ceiling, window (casement, Single
Hung, Bay, Awning, Arched), ceramic floor tiles; 2. Long spam roofing sheets, PVC ceilings, sliding windows, ceramic/cement/rug/plastic carpet floors; 3. Metal zinc/Asbestos roof, louvers/wooden windows, cement/terrazzo floor, asbestos ceilings.
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types in the study area. In the table one thing is lucid and that is that, the effective temperature characteristics indicated that the thermal conditions in the area
fell below the threshold for which indoor comfort can be experienced. However,
the period 6:00 hrs, where some of the housing types had an effective temperature value less than 25.6˚C. Nevertheless, in the residential area, building type 1
recorded the highest ET value at the period 18:00 with ET value of 28.7˚C; while
the lowest ET was recorded at the 6:00 hrs with ET value of 25.7˚C. In building
type 2 the highest ET value at the period 18:00 with ET value of 28.6˚C; while the
lowest ET was recorded at the 6:00 hrs with ET value of 25.6˚C. Whereas in the
wet period an ET value of 25.5˚C was recorded, while the dry period 30.3˚C. In
the building type 3 the highest ET value at the period 18:00 with ET value of
28.4˚C; while the lowest ET was recorded at the 6:00 hrs with ET value of 25.4˚C.
Whereas in the wet period an ET value of 24.84˚C was recorded, while the dry
period 30.1˚C.
In the industrial area, building type 1 recorded the highest ET value at the period 18:00 with ET value of 29.3˚C; while the lowest ET was recorded at the 6:00
hrs with ET value of 25.9˚C. Whereas in the wet period an ET value of 25.4˚C
was recorded, in the dry period ET of 31.9˚C was recorded. Building type 2 recorded the highest ET value at the period 18:00 with ET value of 29.2˚C; while the
lowest ET was recorded at the 6:00 hrs with ET value of 25.8˚C. Whereas in the
wet period an ET value of 25.3˚C was recorded, in the dry period ET of 31.4˚C
was recorded. Building type 3 recorded the highest ET value at the period 18:00
with ET value of 28.9˚C; while the lowest ET was recorded at the 6:00 hrs with
ET value of 25.6˚C. Whereas in the wet period an ET value of 25.1˚C was recorded, in the dry period ET of 30.7˚C was recorded.
In the commercial land use, building type 1 recorded the highest ET value at
the period 18:00 with ET value of 28.9˚C; while the lowest ET was recorded at
the 6:00 hrs with ET value of 25.8˚C. Whereas in the wet period an ET value of
25.3˚C was recorded, in the dry period ET of 30.7˚C was recorded. Building type
2 recorded the highest ET value at the period 18:00 with ET value of 28.7˚C;
while the lowest ET was recorded at the 6:00 hrs with ET value of 25.82˚C.
Whereas in the wet period an ET value of 25.3˚C was recorded, in the dry period
ET of 30.5˚C was recorded. Building type 3 recorded the highest ET value at the
period 18:00 with ET value of 28.54˚C; while the lowest ET was recorded at the
6:00 hrs with ET value of 25.76˚C. Whereas in the wet period an ET value of
25.26˚C was recorded, in the dry period ET of 30.3˚C was recorded.
In the GRA land use, building type 1 recorded the highest ET value at the period 18:00 with ET value of 28.79˚C; while the lowest ET was recorded at the
6:00 hrs with ET value of 25.81˚C. Whereas in the wet period an ET value of
25.3˚C was recorded, in the dry period ET of 30.5˚C was recorded. Building type
2 recorded the highest ET value at the period 18:00 with ET value of 28.4˚C;
while the lowest ET was recorded at the 6:00 hrs with ET value of 25.7˚C.
Whereas in the wet period an ET value of 25.2˚C was recorded, in the dry period
DOI: 10.4236/acs.2020.102014
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ET of 30.5˚C was recorded. Building type 3 recorded the highest ET value at the
period 18:00 with ET value of 28.3˚C; while the lowest ET was recorded at the
6:00 hrs with ET value of 25.6˚C. Whereas in the wet period an ET value of
25.1˚C was recorded, in the dry period ET of 30˚C was recorded.
In the Mixed land use, building type 1 recorded the highest ET value at the
period 18:00 with ET value of 28.9˚C; while the lowest ET was recorded at the
6:00 hrs with ET value of 25.7˚C. Whereas in the wet period an ET value of
25.2˚C was recorded, in the dry period ET of 30.7˚C was recorded. Building type
2 recorded the highest ET value at the period 18:00 with ET value of 28.7˚C;
while the lowest ET was recorded at the 6:00 hrs with ET value of 25.6˚C.
Whereas in the wet period an ET value of 25.1˚C was recorded, in the dry period
ET of 30.5˚C was recorded. Building type 3 recorded the highest ET value at the
period 18:00 with ET value of 28.5˚C; while the lowest ET was recorded at the
6:00 hrs with ET value of 25.5˚C. Whereas in the wet period an ET value of 25˚C
was recorded, in the dry period ET of 30.3˚C was recorded.
Table 4 shows the variation in effective temperature in the different building
types in Yenagoa. In the table, the model is significant at P < 0.05. Indicating
that, there is a significant difference in the effective temperature reach at different times of the day in the study area.
Table 5 shows the Duncan statistics of the building typology with varying ET
values. In the table, building type 3 appears to be the building type with the lowest ET value of 26.7˚C.
Table 4. Variation in effective temperature in the different building types in Yenagoa.
ANOVA
Effective_Temp_Var
Sum of Squares

Df

Mean Square

F

Sig.

Between Groups

1067.123

2

424.003

118.2301

0.000

Within Groups

15,342.233

447

53.504

Total

16,409.356

449

Table 5. Duncan statistics of the variation in the effective temperature of the various
building types in Yenagoa.
Yenagoa_effectiveTemp
Duncana
Building types

N

3

150

2

150

1

150

Sig.

Subset for alpha = 0.05
1

2

3

26.7175
26.9825
27.0574
1.000

1.000

1.000

a

Means for groups in homogeneous subsets are displayed. Uses Harmonic Mean Sample Size = 150.000.
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The building type 2 is the building type with the second lowest mean ET value
of 26.9˚C. However, the building type with the highest mean ET value is the
building type 1 with mean ET value of 27˚C.
Table 6 shows the perception of residents satisfaction to their building characteristics in the study area. It was revealed that only 2% of the total respondents
were undecided about the issue, while 56.9% of the total respondents suggested
that they were not satisfied with their dwelling units. Similarly, the respondents
that suggested that they were highly not satisfied with their building characteristics accounted for 19.6%. However, those that were satisfied and highly satisfied
with their building characteristics accounted for 19.8% and 1.8% respectively.
The finding in this table points to the fact that the respondents are clearly not
satisfied with the building characteristics in the study area. The analysis below
further revealed important issues relating to perception of respondents and thermal confort.
However, Table 7 further showed the perception of indoor Thermal comfort
characteristics of different thermal conditions in Yenagoa. The respondents emphasized that during the cold periods, the area is cold as suggested by 59.8% of
Table 6. Perception of indoor to the building characteristics of different thermal conditions in Yenagoa.
Perception

Frequency

Percentage (%)

Undecided

9

2

Not satisfied

256

56.9

Highly not satisfied

88

19.6

Satisfied

89

19.8

Highly satisfied

8

1.8

Total

450

100

Table 7. Thermal comfort characteristics in the study area.
Perception

Overall thermal satisfaction

During cold periods

During hot periods
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Comfort characteristics indoor

Frequency

Percentages

Very dissatisfied

189

42

Dissatisfied

115

25.6

Satisfied

89

19.8

Very satisfied

57

12.7

Total

450

100

Very cold

14

3.1

Cold

269

59.8

Normal

167

37.1

Total

450

100

Very hot

237

52.7

Hot

114

25.3

Normal

99

22

Total

450

100
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the total respondents. The respondents that suggested that, the area is very cold
in the cool periods, accounted for 3.1% of the total respondents. Again, the respondents that suggested that the area is normal during the cool periods, accounted for 37.1% of the total respondents. On the flip side that is during the dry
periods 52.3% of the total respondents suggested that the area is very hot, while
25.3% of the respondents suggested that, the area is hot during the dry periods.
However, 22% of the respondents suggested that the area is tolerable (normal)
during the dry periods.
Table 8 identified the period of discomfort during day. In the table, none of
the respondents indicated that they experienced thermal discomfort during the
morning hours. However, during the afternoon period, as high as 37.3% of the
respondents indicated that they feel discomfort during the afternoon hours and
those that revealed that they feel discomfort during the evening periods accounted for 27.6% of the total respondents.
Table 9 is about the sleep experience of the respondents during the night
times. From the table, it is evident that the majority of the respondents do not
have good sleep at all in the night period. This is hinged on the fact that, 65.8%
of the respondents indicated that they do not have good sleep at night.
The respondents that suggested that they have average sleep in the night time
accounted for 25.1% of the total respondents in the study area. The respondents
that indicated that they have good sleep in the night time were only 9.1% of the
respondents.
Table 10 presented how frequent the respondents encounter skin rashes in
the study area. What is lucid in the table is that, 59.8% of the respondents suggested that they experience the problem of skin rashes in the study area. Similarly,
the respondents suggested that they experience heat rashes but seldom account
for 37.8% of the total respondents. The respondents that reported that they have
never experienced skin rashes accounted for 2.4% of the total respondents.
Table 8. Period of discomfort in the day.
Period

Frequency

Percentages

Morning

00

00

Afternoon

168

37.3

Evening

124

27.6

Nights

158

35.1

Total

450

100

Table 9. Sleep experience of the inhabitants during the night time.

DOI: 10.4236/acs.2020.102014

Experience

Frequency

Percentages

Poor sleep

296

65.8

Average sleep

113

25.1

Good sleep

41

9.1

Total

450

100
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Table 10. Frequency of appearance of skin rashes on the skin of inhabitants.
Experience

Frequency

Percentages

Often

269

59.8

Seldom

170

37.8

Never

11

2.4

Total

450

100

Table 11 showed the frequent of occurrence of heat cramps among respondents in Yenagoa. It was revealed that 26.4% of the respondents indicated that
they often experience heat cramps. Similarly, 54.4% of the respondents revealed
that they seldom experience heat cramps in the area. Furthermore, 19.1% of the
respondents asserted that they have never experienced heat cramps in the area.
This result is particularly not encouraging for the inhabitants of the study area,
looking at the dangers that heat cramps portend for persons who experience it.
In Table 12, the respondent’s frequency of experiencing prickly heat in the
area is displayed. It was revealed that 42% of the respondents often experience
prickly heat in Yenagoa. The respondents that expressed that they seldom experience prickly heat in the area accounted for 39.1% of; while those that revealed
that they have never experienced the problem of prickly heat in the area, were
only 18.9%.
In Table 13, the respondents’ perception of the problem of heat exhaustion
was shown. It was reported that 25.8% of the respondents often experienced the
problem of heat exhaustion in the area.
The respondents that said they seldom experienced the problem of heat exhaustion in the area accounted for 51.3% of the respondents. The respondents
that indicated that, they have never experienced the problem of heat exhaustion,
in the area accounted for 22.9%.
Table 11. Frequency of incidence of heat cramps.
Experience

Frequency

Percentages

Often

119

26.4

Seldom

245

54.4

Never

86

19.1

Total

450

100

Table 12. Frequency of appearance of prickly heat.
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Experience

Frequency

Percentages

Often

189

42

Seldom

176

39.1

Never

85

18.9

Total

450

100
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Table 13. Frequency of incidence of heat exhaustion.
Experience

Frequency

Percentages

Often

116

25.8

Seldom

231

51.3

Never

103

22.9

Total

450

100

4. Conclusion and Recommendation
Generally, the effective (ET) values recorded and the spatial variation of it
showed that, the building characteristics themselves have significant impact on
the indoor thermal conditions as contemplated by [14]. These characteristics include the wall conditions (are they screeded or not), what colour of and type of
paint used in the painting of the wall, the height of the fence (are they tall or they
are low), materials used for the windows and whether there are mosquito nets
and how many layers there are, the ventilation outlets and the oxygen recharge
capacity of the buildings, how much properties are inside the building, the positioning of the windows and how many they are, the roof type and the materials
used, etc. All these jointly affected the variation in Effective Temperature, in the
study area. These, factors have also been identified by previous workers as determinants of thermal conditions in buildings [3] [5] [9] [25]. Energy Efficiency
in Buildings, 2007 [2] [6] [8] [10] [11] [13] [26] [27] [28] [29] [30]. Nevertheless,
seasons were also very important in determining the indoor thermal conditions.
Reason for this is not farfetched, the area is coastal in orientation and is characterised by two tropical airmass types. When the tropical maritime airmass (mT)
is prevailing over the area, rain is produced and by extension has some cooling
effects on the thermal conditions, since the rains cools the outdoor conditions.
The direct opposite is experienced when the tropical continental airmass (cT)
prevails in the area.
In general, the respondents were not satisfied with the indoor thermal conditions in the study area. However, the respondents emphasized that during the
cold periods, the area is cold this is as suggested by 59.8% of the total respondents. The respondents that suggested that, the area is very cold in the cool periods, accounted for 3.1% of the total respondents. Again, the respondents that
suggested that the area is normal during the cool periods, accounted for 37.1% of
the total respondents. On the flip side that is during the dry period 52.3% of the
total respondents suggested that the area is very hot, while 25.3% of the respondents suggested that, the area is hot during the dry periods. However, 22%
of the respondents suggested that the area is tolerable (normal) during the dry
periods. The period that respondents feel discomfort in the day is in the afternoon (37.3%). Also unravelled is that the respondents have bad sleeping experience in the area. The major health challenges experienced by the respondents include; skin (59.8%); heat cramps (54.4%); prickly heat (42%); heat exhaustion
DOI: 10.4236/acs.2020.102014
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(51.3%). Generally, these health challenges have been expressed in previous studies
to be associated with poor building interpretation and planning [4] [7] [12] [16].
Nevertheless, the study concludes that, a more integrated research be carried
out to include the evaluation of the impacts of the outdoor thermal cum climatological conditions on the indoor thermal conditions in the study area. This is a
scope this current attempt did not cover. Notwithstanding, there is the need for
constructing residential buildings with several openings and locating such openings in recognition of the wind direction and speed characteristics in the study
area. Similarly, the study recommends that the government and the Association
of Building Engineers (civil engineers) in the state, should identify and stop the
operations of quacks in the building industry in the study area. The study finally
recommends the synchronization of the building characteristics and the climate
of the area.
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