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Abstract

This study examines the day-time variations in the physiologic comfort of Nigeria using the effec-
tive temperature, temperature-humidity and relative strain indices (ETI, THI and RS], respectively)
for 59 years (1951-2009) at 20 well-distributed (2 by 2°) meteorological stations across Nigeria. It
also examines the responses from 3600 sample population from tertiary institutions across Nige-
ria. Results indicated thermal stress in Nigeria, and showed that both heat and cold stress varied
temporally and spatially (1200 - 1500 Local Standard Time, LST as the most thermally uncom-
fortable period of the day, while before 0900 and around 2100 LST were more comfortable). The
study showed that judgment on climate issues were often beclouded by religious or ignorant sen-
timents. Efficient coping strategies for thermal stress are generally lacking, being limited by poor
education, financial capacity and inadequate government commitment to cater for the health ef-
fects of extreme climate conditions. The study concluded that Nigeria, which exemplifies many
developing countries, is not yet prepared for the effect of future climate change. The study rec-
ommends climate education, improves health schemes for climate-related morbidity and im-
proves greening of the urban environment.
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1. Introduction

Human concerns for thermal comfort are generally indisputable, especially with the recent increase in crave for
habitat modification and environmental sustainability [1]-[9]. Thermal comfort (sometimes referred to as physi-
ologic comfort) can be described as the human state of physical, mental and social well-being [6] [10]-[12]. The
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human state of well-being is often associated with the interactions between prevailing weather, skin temperature
and many other factors (including skin covers, such as wears, previous weather experience, and adaptation fac-
tors, such as culture and perceptions) [12]-[14]. It has been argued that people of different cultures consider
themselves comfortable across a wide range of temperatures [15] [16]. Busch [13] indicated that some office
workers in Thailand felt comfortable at higher indoor temperatures (about 31°C) than those working in more
temperate regions.

Information on thermal comfort is required for early warning against climate-related sickness, thermal stress
and for planning for holidays, migration, tourism and building [14] [15] [17]-[20]. Thermal comfort is highly
related to the occurrence of climate extremes, such as heat waves. Investigations on climate extremes have been
carried out especially in Europe: see, for instance, Fritch et al. [21], Piccarreta et al. [22]. Studies on the varia-
tions in the thermal comfort in parts of Americas and Europe have shown that thermal stress has increased over
the years, and have caused increased cases of heat stress, heat stroke or heat waves, which have been linked with
increased mortality and forced migration [23]-[29]. Most of these studies also show the need for social and tech-
nical adjustments that might be required to cope with climate extremes, and suggest that changes at the institu-
tional and infrastructural level will be required [14] [17] [19] [20]. In Africa, and other developing continents,
where rapid population and urbanisation increase has not been matched with a commensurate change in social,
economic and technological development [30]-[32], few studies exist.

Recent studies on the thermal comfort in Nigeria showed that the Nigerian thermal climate may not be well
explained by a single thermal index, and therefore suggested the need for a multi-indices approach [33]-[39].
Other studies have also explored the seasonal and annual variations either at city, regional or country scale [33]
[34] but information about the hourly variations is scarce. Ayoade [33] used effective temperature index (ETI)
and temperature to describe day-time hourly distributions of thermal comfort for Nigeria from 16 stations. While
this study established the relevance of ETI to the Nigerian climate, urbanisation and population have signifi-
cantly increased from the time of its publication (annual urban population growth is estimated at 3.8%, and an-
nual population growth at 2.5%) [40]. The objectives of the present study are therefore to examine the day-time
thermal comfort in Nigeria, and assess the preference of Nigerians for thermal comfort condition and their re-
sponses to extreme weather conditions. The main hypotheses are that Nigeria is thermally comfortable through-
out the year and that the coping strategy is sufficient in case of future thermal stress. Day-time records are cho-
sen because except in the last 5 years that the Nigerian Meteorological Agency (NIMET) began to automate the
weather measuring equipment, the night-time data are very scarce, hence night-time variation is not covered in
this study.

2. Study Area

Nigeria (4°N - 14°N and 3°E - 15°E) is in the southeastern edge of the West African region and covers about 14%
of West Africa. Nigeria is characterized by dry and rainy seasons. While the dry season is accompanied by the
Tropical Continental (cT) airmass influenced dust-laden (Harmattan) wind from the Sahara desert, the rainy
season is heavily influenced by the Tropical Maritime (mT) from the Atlantic Ocean (Figure 1).

Areas surrounded by high elevation (especially in the north-central region) can be influenced by the relief
rainfall. Studies have classified the Nigerian climate into (a) tropical rainforest climate, (b) tropical savanna cli-
mate and (c) highland climate or montane climate [36]. The tropical rainforest climate, designated by the Kop-
pen climate classification as “Af”, characterises the southern region. The Tropical rainforest is sub-grouped into
the tropical wet and tropical wet and dry climates, and it is influenced by the equatorial climate (characterised by
small temperature range and convectional storms). The Tropical savanna climate comprises the guinea, sudan
and sahelsavanna, and characterizes most of the central and northern regions. The Guinea belt occupies the lim-
its of tropical rainforest climate, and extends to the central part while the northern fringe is occupied by the
tropical (Sudan) savanna climate. The north-eastern fringes exhibit the Sahelian climate. The tropical savanna
climate exhibits a well-marked single peak rainy season and a dry season. Mean temperature in this region ex-
ceeds 18°C throughout the year, and the dry season, which usually occurs from December to March, is hot and
dry with the Harmattan wind, prevailing throughout this period. “Highland climate” [37] or montane climate is
experienced on highlands regions in Nigeria. Highlands with montane climate in Nigeria exceed 1520 m above
sea level. Because of their location in the tropics, this elevation provides the settlements on the mountains and
the plateau regions standing above this height, a cool montane climate.
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Figure 1. Nigeria in Africa, and the seasonal direction of the air masses and the Inter Tropical Convergence
Zone that determine the season in the region.

3. Materials and Methods

This study used day-time (0600-2100 Local Standard Time) relative humidity and temperature data for 20 me-
teorological stations to compute the selected thermal comfort indices. The thermal comfort indices have been
used in previous studies, and have been found to be suitable to the Nigerian (and tropical) climate [33] [34] [38]
[39]. The 20 stations were selected to represent the different sub-climate types (tropical wet (TW), tropical wet
and dry (TWD), guinea savanna (GS), sudan savanna, sahel savanna and montane) (Figure 2(a)). Selected
thermal indices are ETI, temperature-humidity index (THI) and relative humidity index (RSI), and they have

been well explained in [38]. The values of the indices were determined from the available temperature and rela-
tive humidity data with Equations (1)-(3).

HT

THI=0.8T +—, (1)
500
ETI=T-04(T —10)(1—1), )
100
[10.7+0.74(T -35) |
RSI = 3)
44-0.0075HV

where

T is the mean temperature of the air ("C), H is relative humidity [%), V is the saturation vapour pressure (in
7.5T

hPA), and is estimated as V =6.11x10%377+T

An area is classified as thermally comfortable if its atmospheric condition is characterised by ETI values of
18.9°C - 25.6°C or THI values of 15°C - 24°C or RSI values of 0.1 - 0.2 (ratio, no unit). Cold stress occurs at
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Figure 2. Locations represented by the datasets used in this study. (a) shows the locations of meteorological data and (b)

shows where the tertiary from which responses on coping strategies were obtained.
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values below the minimum while the maximum threshold marks the beginning of a heat stress condition [33]
[35]. Day-time thermal comfort was assessed by comparing the day-time hourly (0600-2100 LST) ETI, THI and
RSI values for selected meteorological stations. The coolest and warmest years (based on the global temperature
model [41] within the study period) were 1971 and 2001, respectively. Day-time thermal comfort for 1971 and
2001 was therefore compared to provide experience for typical cool and warm year thermal comfort for Nigeria.
Values for the investigated meteorological stations and periods were interpolated using the moving averages
technique to plot the descriptive maps for Nigeria, and the monthly day-time thermal comfort for selected sta-
tions with standard geographic information (ILWIS, version 3.4, and a third party, SURFER) software. The se-
quential steps for the creation of the descriptive maps has been published elsewhere [38] [39].

The preference and responses of Nigerians on thermal comfort was assessed by administering a set of ques-
tionnaire to about 200 randomly selected workers from each of purposively selected 18 tertiary (University, Po-
lytechnic, or College of Education) locations in Nigeria (Figure 2(b)). Crocombe and Malama [42] had argued
that the responses from a tertiary institution could sometimes be stronger than that of a community, probably
because those in schools are likely to be more conscious and inquisitive than others within the entire community.
To determine the sampled population the Slovin’s formula (Equation (4)) was applied.

N

Sample population =
Ple pop 1+ Ne?

(4)

N = total targeted population, e = confidence level (0.05 for 95%) .

A sample size of 200 was finally accepted because less than the targeted sample sizes for most institutions
were returned. Almost 60% of the respondents worked indoor while 40% worked outdoor. Most of the respon-
dents were adults between the ages of 18 and 60 years, who worked either on full or part time basis at the sam-
ple locations. The 18 - 60 years age group makes up the most productive set of the population. More than 70%
of the respondents had lived in the sample location for at least 5 years and this gives the group an advantage of
fair understanding of the climate of the sample location. More than 99% of the respondents had attained at least
primary education status (and 67.5% have had tertiary or post-secondary education), suggesting that they would
easily understand the content of the questionnaire and its purpose. At least, 40% of the workers claimed to make
a minimum of five hundred thousand (500,000 Naira) per annum; an equivalent of about US$9 per day as at the
time of the research.

4. Results and Discussion
4.1. Characterisation of the Nigerian Thermal Climate Conditions

The 59-year (1951-2009) average minimum, maximum and mean temperature in Nigeria (based on the selected
20 stations) is 21.4°C, 32.8°C and 27°C, respectively. Minimum temperatures were generally below the overall
mean in the tropical savanna (except at Sokoto and Yola) and montane regions while mean maximum tempera-
ture in all stations within the savanna was higher than its overall mean, except at Bauchi and Ilorin. The montane,
Tropical Wet and Dry and Tropical Wet climate regions, however, had lower (than the overall average) mean
maximum temperature. The mean relative humidity varied between 36.5% and 85.1%, with 62% as the mean.
Variations in both temperature and relative humidity increased from south towards the north, except for few sta-
tions in the guinea and sudansavanna which exhibited higher variability than the sahel. Lowest mean annual ET
occurred at the montane region (Jos, 19.4°C) while the highest values occurred at Warri in the tropical wet cli-
mate (26.1°C). Annual ET values at most of the stations within the Sudano-Sahelian (Bauchi, Katsina,
Maiduguri, Nguru and Potiskum) and montane (Jos) climate regions are lower than the overall average (24.3°C).
Stations within the guinea savanna, and tropical rainforest on the other hand, exhibited higher ET than the over-
all average. Highest mean THI (26.3°C) occurred in Lokoja (Guinea savanna) while the montane station exhib-
ited the lowest (19.6°C) mean THI. Highest RSI ratio (0.2) occurred at Warri in the Tropical wet climate while
the montane region exhibited the smallest ratio (0.01) (Table 1).

The different variability in the investigated parameters suggests that thermal comfort vary substantially across
Nigeria, and the differences in the thermal indices also indicate that predicting the Nigerian climate based on a
single index approach needs further study. Studies [3] [43] argued that the most of the popular climate models
for Nigeria and the sub-Sahara (e.g. Koppen and Thorntwaite’s climate [44], are determined on precipitation
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Table 1. Descriptive statistics of temperature, relative humidity and thermal climate at selected meteorological stations in
Nigeria (M represents mean, and SD is the standard deviation).

Temperature (°C) Relative
- Humidity ET (°C) THI (°C) RSI (ratio)
Climate Region Meteoro_loglcal Minimum Maximum Mean (%)
Station
M SD M SD M SD M SD M SD M SD M SD
T“’p'(cs"";hse"’l‘;’a””a Nguru 212 44 353 36 282 35 365 211 231 15 242 15 017 005
Katsina 194 43 337 34 265 35 389 235 225 06 233 06 013 0.02
Sokoto 220 36 352 32 286 30 427 236 244 06 254 06 019 0.03

Maiduguri 201 46 353 36 277 36 399 207 235 06 244 06 016 0.02

Tropical Savanna 5y im 197 45 344 33 270 34 395 239 224 13 233 12 013 0.10

(Sudan)

Yelwa 213 36 341 30 277 23 607 191 249 05 255 07 0.8 006
Bauchi 190 35 327 28 258 26 467 231 224 07 231 07 009 0.10
Yola 217 32 347 31 282 24 552 235 249 09 257 09 021 005
Montane Jos 160 23 276 23 218 17 500 259 194 03 196 04 00l 001
Bida 2208 18 337 28 283 19 644 181 255 08 261 06 021 006
. lorin 213 17 322 26 268 16 744 116 244 05 249 05 017 002

Tropical Savanna
(Guinea) Lokoja 228 20 330 24 279 17 734 82 259 07 263 06 022 004
Makurdi 223 25 333 26 278 18 698 142 254 09 259 07 o021 204
Ikeja 231 13 309 19 270 14 826 58 253 06 261 06 021 004
Tr‘;‘r’]'d""gr\)’/\’et Benin 230 08 313 20 271 14 839 57 259 06 261 06 021 004
Calabar 228 10 306 18 268 12 81 50 257 09 259 08 019 009
Warri 231 09 314 18 273 12 839 48 261 04 263 09 022 002

Tropical Wet
Port Harcourt 22.4 12 311 18 267 11 834 55 256 04 248 21 020 003
Overall mean 214 34 328 34 270 28 620 248 241 09 248 18 020 018

index, and are generally not well suited for regional physiological or thermal analysis.

The generally lower minimum temperature in the savanna region (than in the tropical wet) indicates that the
night-time temperature in this region can vary from cold stress to comfortable climate than obtained in the
tropical wet regions while the relatively higher maximum temperature suggests day-time discomfort in the
tropical savanna. Temperature can also vary as a result of urbanisation, commercialisation and industrialisation.

Most towns and cities in Nigeria are characterised by transport and commercial activities that are capable of
increasing the immediate temperature and contribute to the global temperature [45] (Figure 3). The day-time
and night-time discrepancy in the savanna and tropical wet is supported by the difference in the relative humid-
ity in these regions. The tropical wet regions are characterised by thick cloud, which can prevent penetration of
solar energy and maximise thermal comfort in the tropical wet, especially in day-time. The savanna region ex-
hibits lower relative humidity, and this suggests less cloud cover with the consequent high radiation (heat) in the
region. Conversely, re-radiation of heat can be delayed by the thick cloud cover in the tropical wet region than
will be delayed in savanna region.

4.2. Day-Time Thermal Comfort in Nigeria

Evaluated thermal indices (THI, ETI and RSI) showed temporal and spatial variations. Peak of the heat stress
condition occurred at 1500 LST while the early morning time (before 0900 LST) was more conducive. The two
years taken to explain the temporal variations (1971 to represent a typical cool year, and 2001 for a typical warm
year), and the results of their moving average interpolations are presented as Figure 4. Figure 4 indicates that



0. M. Eludoyin

Iwo Road, Ibadan, Nigeria, March 2014
—_—

Oke-ljebu Street, Akure, Higeria, May 2014

Figure 3. Typical activities that are capable of increasing the thermal condition in the Nigerian urban area. Note the well
concretised surfaces and little or no green plants to remove the CO, from the environment.

0600 LST 0S00LST 1200LST 16500LST 2100 LST

5 Effective Temperature Index, ETI
y ey

Year 1971

0900 LST 1500LST 2100 LST

RSl

W Physiologic discomfort due to heat stress
(ETI> 25.6degC, THI > 24 degC or RSI >0.2)
™ Physiologic comfort
Physiologic discomfort due to cold stress
(ETl < 18.9degC, THI < 15degC or RSl <0.1)

Year 2001

Figure 4. Mean hourly patterns of physiologic comfort in Nigeria for 1971 and 2001 (Note: Data was not available for most
stations at 1200 LST in 2001, and was therefore not mapped for the period).
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the interpretations of the day-time thermal comfort for Nigeria (based on the selected stations) using ETI, THI
and RSI vary with each of the indices. Thermal comfort in 1971 also exhibited slight difference from that of
2001, especially at 0900 LST and 2100 LST (Figure 4). In general, some of regions (in the northwest) that were
mapped to experience cold stress in 1971 were comfortable (some have also exhibited heat stress) in 2001. The
tropical wet region also has shown increased level of heat stress around 0900 LST. The ETI map suggests that
cold stress condition extended further around the montane region. The results of the comparison indicated a
prevalence of cold stress in a typical cool year, and heat stress in a warm year.

On the other hand, the results of the monthly variations of thermal comfort at selected settlements in Nigeria
shows that spatial variations occur. The results of ETI and RSI were similar, and therefore only ETI and THI are
presented. In both ETI and THI, Lokoja (in the guinea savanna) showed most day-time hours of heat stress
(1100 - 1700 LST) while Jos (montane region) exhibited the least number of hours with day-time thermal stress
condition. Calabar and Benin (tropical wet) exhibited heat stress in the afternoon (1200 - 1700 LST) in June-Oc-
tober. Heat stress at the tropical wet regions occurred for more hours (1000 - 1700 LST) between November and
April. The results of the monthly variations of THI for Lokoja and Jos exhibited different features; heat stress
was indicated in Jos (February-April) while ETI and RSI reflected comfortable climate for same period. In other
settlements, more hours exhibited heat stress with the THI map than shown with the ETI map (Figure 5).

In general, the results of this study indicated that 1200 - 1500 LST was the most thermally stressful in Nigeria.
This is typical of the tropical region where the sun is known to be directly overhead at noon before the heat ac-
cumulates and peaks shortly after. Samendra and Ayesha [46] also showed that temperatures and heat conditions
usually peak at 1500 hour in Dhaka, Bangladesh, and that more people feel uncomfortable around this hour than
other hours of the day. Runnals and Oke [47] also showed that maximum heat condition occurred around this
time (afternoon), and argued that the morning and night are usually more comfortable. The monthly and spatial
variations indicated that adopting a single index for the Nigerian thermal climate will be fraught with many un-
certainties, because the Nigerian climate is influenced by many interacting factors. Studies have shown that fac-
tors affecting the Nigerian climate include the movements of the Intercontinental tropical discontinuity, 1TD,
prevailing air masses, relief, continentality, proximity of river bodies, and anthropogenic factors, including
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Figure 5. Representatives of the effective temperature, temperature-humidity and relative strain indices for different time of

the year: (a) Dry Season; (b) Wet season; and (c) Harmattan.
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urbanisation, gas flaring activities among others [1] [34] [36] [44]. In general, commerce and industry are
growing in many parts of Nigeria, and with them administration and the human population, all of which can also
impact the local climate in different regions. Subsequently, since Nigeria is a large country and contains about
six climate regions (as noted earlier in the study), and is not as homogenous as in most countries where use of
singular thermal index would produce less uncertainty, future study will want to investigate most appropriate for
the different thermal model.

4.3. Responses of Nigerians to Thermal Climate

Whilst the perceptions of sampled Nigerians varied on the seasonal distributions of heat stress (p < 0.05 for dry
season, p > 0.05 for Harmattan and rain season), about 50% from southern (tropical wet) and northern (savanna)
regions described the dry season as generally warm and characterized by heat-related morbidity, including
headache and heat rash. The Harmattan was described by most respondents (>70%) as dusty, windy and linked
with dry eyes, dry skin and dry throat while the rainy season is generally cool (and in some cases, cold) and
linked with severe cold, headache and cough. About 90% of the sample populations responded to heat stress
condition mainly by alternating their modes of dresses (from thick to thin layered dress in dry season or vice
versa in the rainy and Harmattan season. Majority (>64%) also cover their head and arms as response to the
dusty Harmattan or severe cold in both Harmattan and rainy season). While alternating different dressing mode
to cope with a prevailing weather is a practice worldwide (Figure 6), people whose income is above the poverty

a. An outdoor condition in a temperate region (Edinburgh), where
people have to put on thick cloths to survive cold stress

b. An outdoor condition in the tropical region

where people need short sleeves shirts to cope
with heat condition .
gl R |\ §

3 T Saly |

TR - 3%
e A Ho 6“ ;
k'{.",,,‘:‘\:_',i LA )
AN e

Figure 6. A comparative outdoor dressing between the temperate and tropical climate, showing responses to prevailing cli-
mate. (a) is a picture of a set of a field participants in a workshop in Edinburgh, Scotland in April 2013; (b) was taken in

Akungba-Akoko, Ondo State, Nigeria in May 2014.
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level (the poor is defined here as those whose concern is primarily on feeding themselves and families) prefer to
install air conditioners in their car, house and office (or at least in one of them) in the present study.

Figure 7 shows the preference for meeting the thermal discomfort challenges in the offices and houses. At
least 70% of the entire respondents were however not disturbed about the seasonal variations in the thermal
comfort as more than half of the respondents (51%) largely attributed climate change to “what only god can
change” or “what god uses to punish the people where he is angry with them”. The responses indicated low
awareness to the morbidity and mortality consequences of extreme climate effects. Sawa and Buhari [48] has at-
tributed the outbreak of measles and meningitis in Zaria, Nigeria in the last decade to extreme temperature while
many cases of mortality were recorded as a result of heat waves in North America [27] [48]-[50].

However, unlike the other regions which have mapped weather health-response plans [49] [50], Nigeria does
not (as at the period of this paper) have a documented plan or any infrastructure to respond to extreme weather
events, other than the National Emergency Management Agency, that has often been criticized for its ineffi-
ciency [51]. Many reports have indicated that Nigeria, like most developing countries are not prepared for the
challenge of extreme climate and climate change, especially because of poor technology and poor resource allo-
cation [30] [32] [52] in a study of the assessment of the millennium development goal scores of Ondo State (in
the southwest Nigeria) indicated that most states in Nigeria will poorly perform in the areas of sanitation, water
supply and health. Given the results of the peoples’ perceptions on thermal climate in Nigeria, it can be general-
ly deduced that poor climate education and sensibility, poor technology (for cost effective, cheap and energy
(solar or alternate) saving devices), unequal distribution of financial wealth, poor social welfare schemes (and
where they exist, some of the programmes are poorly implemented and severely infested by corrupt or discrimi-
natory practices) are the bane of social infrastructure in Nigeria.

100

80

60 OHouse condition
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Well ventilated Fan or conditioner Ventilated living ~ AC fitted living

(butno fanor  fitted living + rest room + AC fitted room + ventilated
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Figure 7. Available and preferential responses to office and residential plan to cope with thermal stress among 3600 respon-

dents in Nigeria.
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5. Conclusions and Recommendations

This study has examined the thermal comfort in Nigeria and the responses to thermal stress. The two hypotheses
suggested for the study (that Nigeria is thermally comfortable, and that available coping strategies are sufficient
to cope with thermal stress) are rejected. The study showed that thermal stress will increase in Nigeria as urba-
nization, population and the global temperature increase (although the condition varies seasonally and spatially),
and that climate education is largely low among Nigerians. Majority of the respondents lack indigenous ap-
proach, and they preferred no precautionary solution to cope with extreme climate other than “prayers”. The
general perception of the respondents on climate issues was beclouded by religious or ignorant sentiments. The
results of this investigation suggest that efficient coping strategies for thermal stress are generally lacking; being
limited by poor education, financial capacity and inadequate government commitment to cater for the health ef-
fects of extreme climate conditions in poor communities (which incidentally comprises more than half of the
Nigerian population [30]. The study concludes that Nigeria, which exemplifies many developing countries, is
not yet prepared for the effect of future climate change. The study therefore recommends climate education
(with effects of extreme conditions and coping strategies) at all levels of Nigerian education system, improved
health schemes for climate-related and improved greening of the urban environment. Indigenous approaches to
enhancing adaptation to and coping with thermal stress should also be encouraged.
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