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Introduction
Physiologic climatology is a field of scientific study that is concerned 

with the effects of climatic elements and patterns on the physiologic 
behaviour of man and other warm blooded animals [1-3]; and with 
classification or regionalisation of climatic environments based on 
measurable human psychological and physiologic reactions [4]. 
Researches on the effects of climate on human’s feelings and behaviour 
have increased in recent times, probably because of the increased 
concerns for extreme climate conditions and their consequences on 
human health and livelihood [5,6]. Available social, health, economic 
and technological facilities in many vulnerable communities are also 
inadequate to mitigate the negative effects of extreme climate conditions 
[7,8].  

Two classes of approaches- unitary and integrative- are generally 
available in literature as indicators of physiologic comfort. The unitary 
approach considers certain elements of climate (temperature, humidity, 
radiant energy and air movement or wind) as suitable indicators of 
physiologic climate per unit time [1]. The setback to the unitary concept 
is that the climate factors that are usually linked with human physiology 
are rarely excusive but are rather integrative [9,10]. The integrative 
approach demonstrates that humans respond physiologically to more 
than one element of climate at a time [11,12], and as such indicators 
which combine, extrinsically, at least two elements of climate are 
more realistic. A better approach has been to combine both unitary 
and integrative approaches, complementarily. For example, Terjung 
[4,13] characterised the physiologic comfort in the African and North 
American (contiguous) continents from two main integrative indices - 
the comfort index (an integration of dry bulb temperature and relative 
humidity) and wind effect index (a combination of solar radiation and 
wind chill)- complementarily; the wind effect index complemented the 
comfort index where wind was considered to be of little or no effect. 
Similarly, Gregorczuk and Cena [14] mapped the physiologic comfort 
of the world using the effective temperature index (ETI). The ETI is 
one of the oldest indices for illustrating the physiologic comfort, though 
previously designed for indoor condition, that have gained interests 

among scholars in the tropics that, probably because they have found 
the index relevant to the region [14-17]. More recent studies [18,19] 
have indicated the use of more integrative indices in Nigeria - a typical 
tropical country- and these also include the temperature-humidity index 
(THI) and relative strain index (RSI), as applied in other countries such 
as Hungary [11] and Argentina [20]. Other indices such as apparent 
temperature (AT), predicted mean vote (PMV) are among the over one 
hundred integrative indices that have been used in literature [21-24]. 

Whilst information generated from the analysis of physiologic 
comfort have been found useful for planning of holidays, migration, 
tourism and building in many countries [25,26], African countries have 
appeared to show less interest in the aspect of climatological research; 
most African researches in climate science and applications have 
focused on ensuring food security. On the other hand, the increasing 
population and urbanisation rate in Africa, as well as indications of 
temperature increase due to anthropogenic factors (such as gas flaring 
and oil exploration activities) are justified reasons to study the change 
in the physiologic comfort in the area [27]. 

Few studies [17,28] have however provided information on the 
daytime variability of physiologic comfort in any part of Africa- the 
studies are on Nigeria- and these studies require updating [28] was 
a microscale study on Ilorin in the guinea savanna part of Nigeria). 
The present study compares the 1971 and 2001 weather of selected 
meteorological stations in Nigeria as a complement to the study of the 
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Abstract
The huge literature gap in the knowledge of physiologic climatology on tropical Africa indicates poor awareness 

to the issue of physiologic stress in the region. This study examined the variability in the physiologic comfort 
over Nigeria using both annual and hourly patterns of unitary (temperature and relative humidity) and integrative 
indices (effective temperature, temperature-humidity and relative strain indices), and assessed the perceptions of a 
randomly selected Nigerians in 18 tertiary institutions across the country. Results indicated thermal stress in Nigeria, 
and showed that both heat and cold stress varied temporally (annually and hourly) and spatially (1200-1500 Local 
Standard Time, LST as the most thermally uncomfortable period of the day, and ≤ 0900 and around 2100 LST were 
more comfortable). Perception of the comfortable climate exhibits variation based on the latitudinal location of the 
respondents but the coping strategies vary with the wealth of individuals. The study indicated that whilst many 
parts of Nigeria could be vulnerable to physiologic stress, indigenous and modern know-how to cope with future 
physiologic stress is largely unknown. The study therefore recommends significant improvement in climate-oriented 
policies, especially in the areas of healthcare and infrastructure. 

How Well is the Tropical Africa Prepared for Future Physiologic Stress? 
The Nigerian Example
Eludoyin OM*

Department of Geography and Planning Sciences, AdekunleAjasin University, Akungba-Akoko, Ondo State, Nigeria

Journal of
Climatology & Weather ForecastingJo

ur
na

l o
f C

lim
ato

logy & Weather Forecasting

ISSN: 2332-2594



Citation: Eludoyin OM (2015) How Well is the Tropical Africa Prepared for Future Physiologic Stress? The Nigerian Example. J Climatol Weather 
Forecasting 3: 133. doi:10.4172/2332-2594.1000133

Page 2 of 11

Volume 3 • Issue 2 • 1000133
J Climatol Weather Forecasting
ISSN: 2332-2594 JCWF, an open access journal

59 year (1951-2009) average data of physiologic comfort. The study 
also sought insight into the indigenous perception of both indoor 
and outdoor workers in selected tertiary institutions across Nigeria.  
Perception on physiologic comfort is known to be subjective factors 
such as types of clothing wears used to cover the skin covers, previous 
weather experience and certain adaptation factors, including culture 
and body type [29-31].  The overall goal is to determine the average 
change in physiologic stressed based on daytime variation and assess 
the knowledge of efficient coping strategies in case of an endangering 
physiologic stress.

Study Area
Nigeria is located within 4-14°N and 3-15°E in the southeastern 

edge of the West African region, and is characterized by dry season 
(usually accompanied by the tropical continental airmass influenced 
dust–laden or Harmattan wind from the Sahara desert) and rainy 
season (which is strongly influenced by the tropical maritime from 
the Atlantic Ocean. The Nigerian climate can be grouped into: the 
tropical rainforest climate, tropical savanna climate and highland 
climate or montane climate [32]. The tropical rainforest climate 
(‘Af ’ by Köppen climate classification) characterises the southern 
region, and can be sub–grouped into the tropical wet and tropical wet 
and dry climates while the Tropical savanna climate comprises 
the guinea, sudan and sahel savanna, and characterizes most of the 
central and northern regions. The guinea belt occupies the limits of 
tropical rainforest climate, and extends to the central part while the 
northern fringe is occupied by the sudan tropical savanna climate. The 
north–eastern fringes exhibit the sahelian climate while the montane 
climate occurs in settlements on high altitude (especially above 1520 
m as in the Plateau Mountains) (Figure 1). A little less than 50% 
of the above 100 million Nigerian populations live in the urban areas 
as 2010 (Table 1). The rural population, which contains about 50% of 
the remaining population in Nigeria is however characterised by poor 
infrastructure, including poor access to healthcare system, education 
and communication facilities. The poor electricity in Nigeria also made 
many people to be vulnerable to heat stress and other environmental 
impact, typical of developing countries in Africa, Asia and Latin 
America [8].

Materials and Methods
Two types of data sources were used for this study. The first sets 

of data were the temperature and relative humidity data, which were 
obtained from the Nigerian Meteorological (NIMET) Stations’ office, 
Lagos. The NIMET office in Lagos is a custodian of the quality assured 
climate data obtained from all the meteorological stations across 
Nigeria. The meteorological stations, located at least in each State 
and in other areas of specialized government (and colonial) interests 
make up of about 56 stations out of which less than 20 possessed 
temperature and relative humidity data from 1951, although most 
of the stations have long-term (pre-1951) rainfall data. Selected 
integrative indices required data on temperature and relative humidity, 
hence only meteorological stations with these data were selected. For 
representativeness, a network of 2° by 2°grid was overlayed on the map 
of Nigeria, and a representative station was selected for each grid, where 
possible. Since only daytime (0600, 0900, 1200, 1500, 1800 and 2100 
hour) temperature and relative humidity data were available (because 
data were collected at 3 hour interval), this study used only the 
daytime (0600-2100 Local Standard Time, LST) relative humidity and 
temperature data for 20 meteorological stations to compute the selected 
thermal comfort indices (effective temperature index, temperature-
humidity index and relative strain index) (Figure 1). Selected thermal 
comfort indices are described in Box 1. The 20 stations were selected to 
represent the different sub-climate types (tropical wet (Port Harcout, 
Warri); tropical wet and dry (Ikeja, Benin and Calabar); guinea savanna 
(Bida, Ilorin, Lokoja, Makurdi); sudan savanna (Katsina, Sokoto, 
Maiduguri, Potiskum, Bauchi, Yola and Yelwa); sahel savanna (Nguru); 
and montane (Jos)) (Figure 2). Day-time thermal comfort for 1971 
and 2001 was also compared to provide experience for typical cool and 
warm year thermal comfort for Nigeria (the choice of 1971 and 2001 
was based on the global temperature model [33] and data availability). 

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 stations with standard geographic information 
(ILWIS, version 3.4, and a third party, SURFER) software. Classification 
of the physiologically comfortable (ETI values of 18.9°-25.6°C or 
THI values of 15°-24°C or RSI values of 0.1-0.2 (ratio, no unit)) and 
regions that exhibited cold or heat stress condition (cold stress occurs 
at values below the minimum while the maximum threshold marks the 
beginning of a heat stress condition) were determined based on the 
information in Box 1.

Secondly, preference and responses of Nigerians on thermal Figure 1:  Distribution of meteorological stations selected for the study.

Variables Specifics Rate

Landuse
Deforestation 4000 sq. km per year
Reforestation 10 sq. km per year

Forested area (2008) 10.8%

Urban 
Population

Annual growth 3.8%
Urban Population in 2004, 2010 45%, 48.9%

Rural 
Population Annual growth 1.8%

Total 
population

Population density in 2004, 2009 137.6, 167.5 persons per km
Annual growth 2.5%

Total fossil 
fuels 

emission

1951
1980
2008

460’000 metric tons
18,586’000 metric tons
26113’000 metric tons

Table 1: Some information about land area and population of Nigeria (2011 World 
Statistics Country Profile).
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Effective Temperature Index
The effective temperature index (ETI) was originally intended for indoor conditions in industry and mines 
and not for open air conditions (Gregorczuk and Cena, 1967) but has later gained wider applications in 
comfort and climatological analyses in north America and Europe. The results of ETI represent the thermal 
sensations of a man insulated from air movement and from solar radiation. Values of ETI is usually 
estimated as (1-2).

)
100

1)(10(4.0 rh
eti

HttT −−−= (1), 8.4)(4.0 ++= wetdryeti ttT (2)

Where
Teti = effective temperature, t = air temperature, rhH = relative humidity, dryt = dry bulb temperature, wett =
wet bulb temperature.
Uncomfortable situations due to cold stress occur with ETI ≤ 18.9oC and heat stress > 25.6oC (Ayoade 
1978). Challenges with ETI are; that the basic observations on the original model development were made 
on a specific group of subjects; healthy young white men and women living under American conditions of 
climate, housing and clothing, the observation relate only to sedentary conditions; and that the index in its 
original form gives too much weight to changes in humidity at the lower end of the Comfort index scale. 

Temperature-Humidity Index (THI)
The THI was developed by Thom (1959) for providing a broad approximation of stress changes in a city 
over time and for developing useful design guidelines for cities (Jáuregui and Soto, 1967). The original 
index, which combined the wet and dry bulb temperatures to produce the THI, has been modified by 
McGregor and Nieuwolt (1998) to use air temperature and relative humidity (3)

500
*

*8.0Tthi
tH

t rh+= (3)

Where
Tthi = Temperature-humidity index, t is the air temperature (oC) and Hrh is the relative humidity (%).

Nieuwolt (1977) suggested the following THI classification, based on the climate of the United States of 
America and suggestion of the United States Weather Bureau (1959).

a. 21 - 24 oC = 100% of the subjects felt comfortable
b. 24 - 26 oC = 50% of the subjects felt comfortable 
c. THI > 26 oC = 100% of the subjects felt uncomfortably hot

Relative Strain Index (RSI)
In order to take account of the effects of clothing and net radiation, the relative strain index (RSI) was 
developed for a sedentary standard man dressed in a business suit (healthy, 25 years old and not 
acclimatized to heat) (Giles et al., 1990; Lee, 1953). The RSI is the ratio of the rate at which heat 
accumulates in the body of one organism to the maximum possible rate at which it can be removed. 
The RSI is expressed in the equations (3-5)

(3), (4),             (5)

(6)
Where 
Trsi = Relative Strain Index, Hvp=Vapour pressure (hPa), Hrh = Relative humidity (%), t = air temperature 
(oC), and e = Dew point temperature. The RSI threshold for physiological failure is 0.5 for young people 
and 0.3 for people older than 65 years (Giles et al., 1990). A quarter of the people would be uncomfortable 
at an RSI of 0.2 and no one is comfortable at an RSI of 0.3. For elderly and ill people, 0.2 is the threshold 
above which they are subject to heat stress. 
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Box 1: Information about selected integrative indices
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comfort was assessed by administering a set of questionnaire to about 
200 randomly selected workers from each of purposively selected 18 
tertiary (University, Polytechnic, or College of Education) locations in 
Nigeria (Figure 3). 

Crocombe and Malama (1989) 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 7) 

was applied for a targeted population of 10,000 in each institution.

Sample population = 
21

N
Ne+

					   
	                                                                                                          

(7)

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 respondents were adults between the ages of 18 and 60 years, 
who worked either on full or part time basis at the sample 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.

Results 
Characterisation of the Nigerian thermal climate conditions 

i. Mean values and variability

The 59-year (1951-2009) average minimum, maximum and mean 
temperatures in Nigeria (based on the selected 20 stations) are 21.4, 32.8 
and 27°C, respectively (Table 2). Table 2 also indicated that minimum 
temperatures were generally below the overall mean in the tropical 
savanna (except at Sokoto and Yola) and montane regions while mean 
maximum temperature 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 stations in the guinea and 
sudan savanna which exhibited higher variability than the sahel. Lowest 
mean annual ETI occurred at the montane region (Jos, 19.4°C) while 
the highest values occurred at Warri in the tropical wet climate (26.1°C). 
Annual ETI values at most of the stations within the sudano–sahelian 
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 ETI than the overall average. Highest 
mean THI (26.3°C) occurred in Lokoja (Guinea savanna) while the 
montane station exhibited 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 2). 

ii. Trends in the unitary (temperature, relative humidity) and 
integrative indices

The results of linear regression analysis and their level of 
significance for each variable and at the investigated stations 
indicated that temperature variables and the integrative indices 
exhibited significantly increasing trend at most stations, except 
the montane and few stations in the savanna. Both minimum and 
mean temperatures exhibited decreasing trends at the montane 
region, while maximum temperature at Yelwa has increased. 

Figure 2: Climate sub-regions in Nigeria showing the location of selected 
meteorological stations.

1. Usman Dan Fodio University Sokoto	 10. Obafemi Awolowo University, Ile-Ife
2. Hassan Usman Katsina Polytechnic	 11. University of Lagos
3. Kaduna Polytechnic, Kaduna	 12. Adekunle Ajasin University, Akungba-Akoko
4. University of Maiduguri		  13. Abia State University
5. Federal University of Technology, Yola	14. Enugu State University
6. Federal Polytechnic, Bauchi	 15. Imo State University
7. University of Abuja		  16. University of Benin
8. University of Jos		  17. University of Port Harcourt
9. University of Ilorin		  18. University of Calabar

Figure 3: Locations where questionnaire were administered for this study.
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On the other hand, trends of temperatures, relative humidity has 
decreased in most regions, especially in the tropical rainforest 
region (b ≥ -0.07; p<0.05). Bauchi in the sudan savanna region however 
exhibited significant increase (b=0.17; p<0.05) within the study 
period. Similarly, ETI, THI and RSI exhibited increased trend at 
most of the stations, especially within the sudan and sahelian 
savanna as well as tropical rainforest regions (Table 3a and 3b).

iii. Daytime thermal comfort

Evaluated thermal indices (THI, ETI and RSI) showed temporal 
and spatial variations. Peak of the heat stress condition occurred at 
1500 Local Standard Time (LST) while the early morning time (before 
0900 LST) were more conducive (Figure 4). Figure 4 also shows that the 
monthly variations of thermal comfort at selected settlements in Nigeria 
exhibited spatial variations. 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-October. Heat stress at the tropical wet regions occurred 
for more hours (1000-1700 LST) between November and April. 

When compared, thermal comfort in 1971 exhibited slight 
difference from that of 2001, especially at 0900 LST and 2100 LST 
(Figure 5). 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 have 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 also indicated a prevalence of cold stress 
in a typical cool year, and heat stress in a warm year.

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) (Figure 6). While alternating 
different dressing mode to cope with a prevailing weather is a practice 
worldwide, people whose income is above the poverty 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’. 

Discussion
Main objective of this study was to assess physiologic comfort 

across Nigeria and determine if Nigerians are well prepared to cope with 
future physiologic stress.  The study indicated significant variability and 

Climate region Meteorolo-
gical Station

Temperature (oC) Relative Humidity 
(%) ET (oC) THI (oC) RSI (ratio)

Minimum maximum Mean
M SD M SD M SD M SD M SD M SD M SD

Tropical Savanna 
(Sahel) Nguru 21.2 4.4 35.3 3.6 28.2 3.5 36.5 21.1 23.1 1.5 24.2 1.5 0.17 0.05

Tropical Savanna 
(Sudan)

Katsina 19.4 4.3 33.7 3.4 26.5 3.5 38.9 23.5 22.5 0.6 23.3 0.6 0.13 0.02
Sokoto 22.0 3.6 35.2 3.2 28.6 3.0 42.7 23.6 24.4 0.6 25.4 0.6 0.19 0.03

Maiduguri 20.1 4.6 35.3 3.6 27.7 3.6 39.9 20.7 23.5 0.6 24.4 0.6 0.16 0.02
Potiskum 19.7 4.5 34.4 3.3 27.0 3.4 39.5 23.9 22.4 1.3 23.3 1.2 0.13 0.10

Yelwa 21.3 3.6 34.1 3.0 27.7 2.3 60.7 19.1 24.9 0.5 25.5 0.7 0.18 0.06
Bauchi 19.0 3.5 32.7 2.8 25.8 2.6 46.7 23.1 22.4 0.7 23.1 0.7 0.09 0.10

Yola 21.7 3.2 34.7 3.1 28.2 2.4 55.2 23.5 24.9 0.9 25.7 0.9 0.21 0.05

Montane Jos 16.0 2.3 27.6 2.3 21.8 1.7 50.0 25.9 19.4 0.3 19.6 0.4 0.01 0.01

Tropical Savanna 
(Guinea)

Bida 22.8 1.8 33.7 2.8 28.3 1.9 64.4 18.1 25.5 0.8 26.1 0.6 0.21 0.06
Ilorin 21.3 1.7 32.2 2.6 26.8 1.6 74.4 11.6 24.4 0.5 24.9 0.5 0.17 0.02

Lokoja 22.8 2.0 33.0 2.4 27.9 1.7 73.4 8.2 25.9 0.7 26.3 0.6 0.22 0.04

Makurdi 22.3 2.5 33.3 2.6 27.8 1.8 69.8 14.2 25.4 0.9 25.9 0.7 0.21 0.04

Tropical Wet and Dry

Ikeja 23.1 1.3 30.9 1.9 27.0 1.4 82.6 5.8 25.3 0.6 26.1 0.6 0.21 0.04
Benin 23.0 0.8 31.3 2.0 27.1 1.4 83.9 5.7 25.9 0.6 26.1 0.6 0.21 0.04

Calabar 22.8 1.0 30.6 1.8 26.8 1.2 85.1 5.0 25.7 0.9 25.9 0.8 0.19 0.09

Tropical Wet
Warri 23.1 0.9 31.4 1.8 27.3 1.2 83.9 4.8 26.1 0.4 26.3 0.9 0.22 0.02

Port Harcourt 22.4 1.2 31.1 1.8 26.7 1.1 83.4 5.5 25.6 0.4 24.8 2.1 0.20 0.03
Overall mean 21.4 3.4 32.8 3.4 27.0 2.8 62.0 24.8 24.1 0.9 24.8 1.8 0.20 0.18

Table 2: Descriptive statistics of temperature, relative humidity and thermal climate at selected meteorological stations in Nigeria (M represents mean, and SD is the 
standard deviation).
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showed potential for physiologic stress at many meteorological stations 
in Nigeria. Features in the Nigerian urban centres which encouraged 
heat related physiologic stress include the extensive transport and 
commercial activities in the regions [34]. Studies have equally indicated 
that the Nigerian climate is often affected by the movements of the 
Intercontinental tropical discontinuity, ITD, prevailing air masses, 
relief, continentality, proximity of river bodies, and anthropogenic 
factors, including urbanisation, gas flaring activities among others 
[28,32,35,36]. Commercial activities, transportation 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. The day-time and night-time discrepancy in the 
savanna and tropical wet is supported by the difference in the relative 

humidity 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 exhibits lower relative humidity, and this suggest 
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. 

In addition, 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 accumulates and peaks shortly after. Samendra and Ayesha [37] 
also showed that temperatures and heat conditions usually peak at 1500 

Climate Region Stations Temperature (oC) Relative Humidity (%)Minimum Maximum Mean
Tropical Savanna (Sahel) Nguru 19.98+0.04(x)* 34.67+0.02(x) 27.32+0.03(x)* 36.75-0.01(x)

Tropical Savanna (Sudan)

Katsina 18.82+0.02 (x) 33.11+0.02(x)* 25.97+0.02(x)* 41.65+-0.1(x)
Sokoto 20.38+0.01(x)* 34.6+0.02(x)* 27.47+0.03(x)* 40.76+0.06(x)

Maiduguri 19.34+0.02(x) 35.04+0.01(x) 26.85+0.03(x) 42.81-0.09(x)
Potiskum 18.45+0.04(x)* 33.42+0.03(x)* 25.95+0.03(x)* 40.76-0.04(x)

Yelwa 20.96+0.01(x) 34.81-0.03(x)* 26.89-0.01(x) 60.02+0.03(x)
Bauchi 17.82+0.04(x)* 32.17+0.02(x)* 24.99+0.03(x)* 41.97+0.17(x)*

Yola 20.77+0.04(x)* 34.36+0.01(x) 27.56+0.02(x)* 53.99+0.04(x)

Montane Jos 17.19-0.03(x)* 27.01+0.02(x)* 21.85-0.002(x) 44.72+0.16(x)

Tropical Savanna 
(Guinea)

Bida 22.27+0.02(x) 33.05+0.02(x)* 22.66+0.02(x)* 66.76-0.09(x)
Ilorin 20.42+0.03(x)* 32.74-0.02+(x) 26.58+0.01(x) 75.99-0.05(x)

Lokoja 22.45+0.01(x)* 32.59+0.02(x)* 27.52+0.01(x)* 72.44-0.07(x)*
Makurdi 21.18+0.03(x)* 32.52+0.02(x)* 27.19+0.02(x) 71.55-0.05(x)

Tropical Wet and Dry
Ikeja 21.65+0.05(x)* 30.25+0.02(x)* 25.95+0.04(x)* 86.28-0.13(x)*
Benin 22.63+0.01(x)* 30.68+0.02(x)* 26.26+0.03(x)* 84.87-0.03(x)*

Calabar 21.79+0.04(x)* 29.96+0.02(x)* 26.29+0.02(x)* 86.55-0.04(x)*

Tropical Wet
WWarri 22.39+0.03(x)* 31.16+0.01(x)* 26.77+0.02(x)* 84.85-0.03(x)*

Port Harcourt 21.79+0.02(x)* 30.17+0.03(x)* 25.98+0.02(x)* 84.56-0.03 (x)

Linear trend of the asterisked (*) row is significant at the corresponding station within 95% confidence level (p≤0.05)

Table 3a: Linear trends in the unitary (temperature and relative humidity) (3a) and integrative indices (3b) in selected stations in Nigeria.

Climate Region Stations Effective temperature (oC) Temperature-humidity index, 
THI (oC)

Relative strain index, RSI
(no unit)

Tropical Savanna (Sahel) Nguru 21.46+0.06(x)* 22.64+0.05(x)* 0.17+0.0001(x)

Tropical Savanna (Sudan)

Katsina 22.45+0.001(x) 25.11+0.005(x) 0.13-0.0003(x)
Sokoto 23.44+0.03(x)* 24.27+0.033(x)* 0.15+0.001(x)*

Maiduguri 23.49+0.0001(x) 24.27+0.003(x) 0.14+0.001(x)*
Potiskum 20.70+0.06(x)* 21.71+0.05(x)* 0.04+0.003(x)

Yelwa 24.90-0.01(x) 25.67-0.007(x) 0.21-0.0001(x)
Bauchi 21.61+0.03(x)* 22.18+0.03(x)* 0.07+0.001(x)

Yola 24.07+0.03(x)* 24.72+0.03(x)* 0.15+0.0002(x)*
Montane Jos 19.31+0.003(x) 19.41+0.006(x) 0.01+0.0001(x)

Tropical Savanna (Guinea)
Bida 25.64-0.01(x) 25.98+0.003(x) 0.22+0.0001(x)
Ilorin 24.77-0.01(x) 25.12-0.006(x)* 0.17+0.0001(x)

Lokoja 25.90+0.001(x) 26.27+0.003(x) 0.22-0.0001(x)
Makurdi 25.59-0.006(x) 25.87+0.001(x) 0.21+0.0001(x)

Tropical Wet and Dry
Ikeja 24.59+0.03(x)* 25.26+0.03(x)* 0.16+0.002(x)*
Benin 25.14+0.03(x)* 25.25+0.03(x)* 0.17+0.002(x)*

Calabar 25.89-0.01(x) 25.98-0.002(x) 0.21+0.0001(x)

Tropical Wet
Warri 25.62+0.02(x)* 25.82+0.02(x)* 0.20+0.001(x)*

Port Harcourt 24.89+0.02(x)* 22.06+0.10(x)* 0.15+0.0001(x)*

Linear trend of the asterisked (*) row is significant at the corresponding station within 95% confidence level (p≤0.05)

Table 3b: Linear trends in thermal comfort indices in selected stations in Nigeria.
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Figure 4: Representative pattern of physiologic comfort in Nigeria based on ET (a) and THI (b).
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Year 1971 

Year 2001 

 
Figure 5: 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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Figure 6: Perceptions on weather conditions among Nigerians.
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Figure 7: Coping strategies under different weather conditions.

hour in Dhaka, Bangladesh, and that more people feel uncomfortable 
around this hour than other hours of the day. Runnals and Oke [38] 
also showed that maximum heat condition occurred around this time 
(afternoon), and argued that the morning and night are usually more 
comfortable. Furthermore, the responses indicated low awareness to 
the morbidity and mortality consequences of extreme climate effects. 
Sawa and Buhari [39] has attributed 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 [22,39-41].

However, unlike the other regions which have mapped weather 
health-response plans [22,40], 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 inefficiency 
[42]. Many reports have indicated that Nigeria, like most developing 
countries is not prepared for the challenge of extreme climate and 
climate change, especially because of poor technology and poor 
resource allocation [8,43,44]. Allen [45], 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 generally deduced that poor climate education and sensibility, 
poor technology (for cost effective, cheap and energy 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 discriminatory practices) are the 
bane of social infrastructure in Nigeria.  

Conclusions and Recommendations  
This study has examined the thermal comfort in Nigeria and the 

responses to thermal stress. The study showed that thermal stress 
will increase in many parts of Nigeria as indicated by results of the 
linear regression on 59 years data, probably due to increasing rate of 
urbanization, population and the global temperature increase. The 
study however does not indicate adequate indigenous approach of 
physiologic stress among the people within the community of tertiary 
education, and there is no evidence to indicate any preparation to cope 
with future physiologic stress. The study recommends institutional 
approach towards a high level preparation for future heat stress, and 
this including developing a climate-oriented healthcare systems in 
Nigeria. This study shows the typical issues on future physiologic stress 
in many developing countries in the tropical region.
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