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Abstract

This study reviews the effect of urbanization on human thermal comfort over Nairobi city in Kenya. Ur-
banization alters urban centre’s land use and land cover, modifying the climate of the urban setting.
The modification in climate affects human comfort and the environment at large. This study focuses
on the recent studies conducted in Nairobi city and many other cities globally to examine modification
of wind, temperature and humidity over Nairobi. There was observed reduction in wind speed and rel-
ative humidity over the city, posing threat to human and animal comfort and the environment at large.
The city of Nairobi, just like other cities globally is observed to experience urban heat island (UHI). The
observed increase in minimum temperature as compared to maximum temperature signifies over-

all warming. A combination of all these changes reduces human comfort. Borrowing lessons from de-
veloped cities, increasing the urban forest cover is thus suggested as one of the practical and effective
measures that can help prevent further modification of weather and urban climates. The study recom-
mends further research involving multi-sectoral urban stake holders, on forcing driving urban thermal
comfort. In the short term, design and construction of appropriate structures can help minimize energy
consumption and emissions, thus enhancing comfort.
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Introduction

Thermal comfort expresses the level of human satis-
faction in a given environment. Thermal sensation of
heat discomfort is felt under ‘stable state’, when the
skin temperature is raised above the level correspond-
ing to the state of comfort. The sensation helps human
beings detect and respond to their environmental
thermal conditions, and thus are able to live and work
in almost any climate zone on earth despite the vary-
ing degrees of discomfort. Thermal comfort is close-
ly linked to human health and is thus a key compo-
nent in our daily operations (Evans, 1982). People who
are exposed or work in uncomfortable environments
are more likely to underperform or get involved in ac-

cidents because their ability to make decisions and /
or perform manual tasks deteriorates (Shanu, 2010;
Yilmaz et al., 2007). Thermal comfort, both indoor
and outdoor has been widely studied, and continues
to gain interest owing to the changing living environ-
ments.

Weather parameters: air temperature, humidity
and wind speed and direction significantly influence
the physiological sensation of human comfort. Hu-
man thermal comfort or discomfort may thus be de-
termined by using a varying number of both theoret-
ical and empirical indices that consider a number of
parameters such as air temperature, wind, humidity,
and clothing (Unger, 1999).
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The art of determining thermal comfort conditions
started long time ago; it is one of the key issues in bi-
ometeorology. Today, approximately fifty different
human thermal comfort indices exist. These indices
have been developed on the basis of the physiological
feeling of a significant number of people, among them,
the widely used indices are: Thom (1959) - Discomfort
Index (DI), Givoni (1963) - Standard Equivalent Tem-
perature (SET), Fanger (1970) - Predicted Mean Vote
(PMV) and Hoéppe (1999) - Physiological Equivalent
Temperature (PET). The quantification of the com-
fort has advanced recently following the develop-
ment of Universal Thermal Climate Index (UTCI) by
the European COST Action 730 (Cooperation in Sci-
ence and Technical Development) project (McGregor,
2012). The development was initiated since the previ-
ous methods exhibited significant shortcomings (Jen-
dritzky et al., 2012, 2007).

Fiala et al. (2012) came up with a UTCI known as
UTCI-Fiala mathematical model of human tempera-
ture regulation. The model predicts human tempera-
ture and regulatory responses under various outdoor
weather conditions. The approach is hailed to form the
basis of the new UTCI. The index utilizes the concept of
equivalent human physiological responses to combina-
tions of air temperature, radiation, wind and humidity.
Havenith et al. (2012) developed UTCI-clothing mod-
el that considers the typical dressing behaviour in dif-
ferent temperatures. The output of the model defines in
detail the effective clothing insulation and vapour re-
sistance for each of the thermo-physiological model’s
body parts in varying climatic conditions. The model
together with the UTCI-Fiala model defines the heat
transfer characteristics between the human skin and
the environment. However, according to Brode et al.
(2012) in consideration of how the clothing model was
developed, the clothing behaviour adopted gives a good
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representation of the European and North American
urban populations and therefore, its output requires
further validation, although initial results may be ap-
plicable to other urban centres globally.

In assessment of the performance of the UTCI,
Blazejczyk et al. (2012) carried out a comparison of
UTCI to selected thermal indices. The study focused on
three groups of data, namely: global data-set, synoptic
datasets from Europe, and local scale data from special
measurement campaigns of COST Action 730. The per-
formance of other indices was limited to specific me-
teorological conditions, as compared to the UTCI that
gives a better representation of thermal comfort across
different climates, weather, and locations. In addition,
just like the human body, the UTCI is highly sensitive
to changes in ambient stimuli: temperature, solar ra-
diation, wind and humidity as compared to other in-
dices. The UTCI has been successfully applied in ther-
mal comfort studies and is becoming popular globally
(Park et al., 2014; Blazejczyk et al., 2013).

Urban growth is quantified by the growth of pop-
ulation and industries. Consequently, this growth
leads to increase in socio-economic activities lead-
ing to changes in land use and decrease in land cov-
er. Although the activities are aimed at betterment of
human life, in some cases, they can pose challeng-
es, hindering growth if not well planned and execut-
ed (Moonen et al., 2012). According to United Nations
(2014), the growth in population and industrialization
today is a global phenomenon with 54 percent of the
world’s population living in urban areas in 2014 (Fig-
ure 1). Although Africa and Asia are the least urban-
ized today, they are currently urbanizing faster than
other regions. On a regional scale, Kenya is experi-
encing rapid urbanization growth just like many oth-
er developing countries in Africa (UN Habitat, 2008;
United Nations, 2001). The construction of buildings,

Urban
Rural

\ \ \ 1
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 203520402045 2050

Figure 1. Urban and rural population of the world, 1950-2050 (Source: UN, 2074)
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Figure 2. Temperature anomaly over Africa from 1950 to 2013 with respect to 1961-1990;
gridded data based on station observations (Source: WMO, 2015)

roads and increase in human and vehicular traffic cre-
ates its own micro-climates (Unger, 1999; Oke, 1982;
Adebayo, 1991). The changes in land use and land cov-
er alter the exchange of energy, momentum, moisture,
and other trace gases within vegetation-soil-atmos-
phere system, subsequently affecting the global and
regional climate (Foley et al., 2005).

The potential for steadily increasing temperatures
and air pollution coupled with a projected population
increase from 54 percent today to about 70 percent by
2050 (UNFPA, 2007; IPCC, 2007), greatly increase the
need for urban inhabitants, public health sector, plan-
ners and decision makers to devise effective strategies of
managing microclimates in rapidly growing urban ar-
eas. Global studies have reported increasing tempera-
tures especially in the last three decades, mostly attrib-
uted to climate change (IPCC, 2007; 2014). For instance,
according to the recent World Meteorological Organiza-
tion (WMO) report on climate of Africa (WMO, 2015),
recent years have reported the largest positive tempera-
ture anomalies (Figure 2). However, despite the existence
of information on the changing climate and the ongoing
urbanization that greatly affect human comfort, there is
limited information on measurement and monitoring
of thermal comfort over most cities in developing coun-
tries especially in Africa, the city of Nairobi and Kenya at
large (Ongoma and Muthama, 2014).

Urban growth along with the increased built infra-
structure, determines the climate in cities resulting in
distinct urban climatic condition (Blake et al., 2011).
Previous studies show that the effects of urbanization
on weather and climate are noticeable even in popu-

lation setting of as small as 1000 and the intensity of
urban heat island is linearly correlated with the loga-
rithms of the population (Karl et al., 1988). The study
affirmed that population is an indicator of urbaniza-
tion; the results showed that a population of as a few
people as 10,000 has effect on urban climate.
Generally, limited urban climate studies have been

carried out in developing countries. Most studies that
have been conducted in the countries focus on urban
and non-urban temperature differences; this is part-
ly explained by limited data. Studies on the impact
of urban climate on human comfort are very few. Al-
though Ongoma and Muthama (2014) reported that
the larger county of Nairobi does not experience heat
stress throughout the year, the study was carried out
over a short period of time, and in the ongoing socio-
economic development and global warming, there is
need of continued study and monitoring of thermal
comfort in the city. The aim of this study is to assess
the potential effects of urbanization on human ther-
mal comfort over Nairobi city. The study specifical-
ly reviews the influence of urbanization on wind, air
temperature and humidity over Nairobi city and as-
sesses the possible effect of modification of the three
weather parameters on human thermal comfort. This
study will serve as a wakeup call to urban planners
and structural designers to enhance human comfort
in the city of Nairobi by designing adequate mitiga-
tion strategies to climate related risks. Generally, basic
understanding of how climate affects human beings
and the environment at large is a key aspect in plan-
ning, and helps in devising suitable avenues, meas-
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ures, technologies, and policies to improve the adap-
tive capacity to climate (Jendritzky and Dear, 2009).

The study employed review of relevant recently peer
reviewed publications both at global and local scale
studies. The key studies considered are: Argiieso et al.,
2015; WMO, 2015; Demuzere et al., 2014; Park et al,,
2014; Schats and Kucharik, 2014; Ongoma et al., 2013a,
b; Ongoma and Muthama, 2014; Yang et al., 2013; Li et
al., 2013; Fischer et al., 2012; Fiala et al., 2012; Koloko-
troni et al., 2012; Brandsma and Wolters, 2012; Ryu
and Baik, 2012; Hwang et al., 2011; Robaa, 2003, 2011;
Luber and McGeehin 2008; Adebayo, 1991; Zhou et al.,
2004; Oke, 1973; Toy and Yilmaz, 2010; Liu et al., 2009;
Chen et al., 2006; Makokha and Shisanya, 2010.

The study used monthly rainfall data; 1951-2010,
from Climate Research Unit (CRU) to show annual
temperature cycle and inter-annual temperature var-
iability over Nairobi City. The CRU temperature data,
version TS3.22 is provided by a division of the Uni-
versity of East Anglia. The data is gridded at o0.5° x
0.5° resolution, running from 1901 to 2013. The CRU
data is discussed in detail by Harris et al. (2014). The
CRU Time Series v3.22 (TS3.22) dataset is described at
length by the University of East Anglia Climatic Re-
search Unit et al. (2014).

Area of Study

Nairobi, Kenya’s capital city is located within lati-
tude 1° 9’S, 1° 28’S and longitude 36° 4'E, 37° 10’E (Fig-
ure 3). The city covers an area of approximately 684

km2, with a population of 3.1 million people (KNBS,
2010). The city was established around 1899 by the co-
lonial government as a railway terminus for the Ken-
ya-Uganda railway (Obudho, 1999). The city has been
growing since then. Mundia and Aniya (2006) noted
significant increase in urban built-up areas linked to
economic growth and population expansion.

Nairobi experiences bimodal rainfall regime with
‘long rain’ season in March-May (MAM) and ‘short
rains’ in October-December (OND) (Okoola, 1996;
1999; Yang et al., 2015). The predominant winds over
the city are easterlies; they are associated with precipi-
tation occasioned by moisture inflow into the country
from the Indian Ocean (Opijah et al., 2007; Ongoma
et al., 2013a). The highest temperature is reported in
the MAM season, followed by OND (Figure 4), which
coincides with the main rainfall seasons of the city.
The temperature, just as rainfall over the city is mainly
influenced by the north-south movement of the ITCZ
(Okoola, 1996). The June - August (JJA) is the coldest
season, linked to cold air advection from the southern
hemisphere that experiences winter during the time.

Results and discussion

Weather parameters such as air temperature, air humid-
ity, wind speed and solar radiation affect evaluations of
thermal comfort e.g. thermal perception and satisfaction.
Wind speed and temperature are the important environ-
mental factors contributing to the comfort.
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Figure 3. Land use and geographical location of weather stations in Nairobi
(Source: Makokha and Shisanya, 2010)
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Figure 4. Annual temperature cycle over Nairobi city based on CRU data, 1951-2010

Urbanization

Urbanization in Nairobi city is evidenced through
population growth and land surface reflectivity
changes. Population growth in Nairobi city is partly
explained by net migration into the city (KNBS, 2010)
while the land albedo is observed to decrease over the
city with time (Ongoma, et al., 2013a). The reflectivi-
ty of the city ranges between o0.12 and 0.15 (Ongoma,
2012). Muthoka and Ndegwa (2014) studied the dyna-
mism of land use changes on surface temperature over
Kenya, focusing on Nairobi city. The study showed a
reduction in vegetation cover to bare land or built-up;
an evidence of a growing city.

Njoroge et al. (2011) assessed the landscape change
and occurrence at watershed level in city of Nairo-
bi. The study observed significant changes in the spa-
tial configuration of the landscape of Nairobi city be-
tween 1976 and the year 2000. According to the study,
land use related to human activities such as built are-
as increased to the detriment of wetland and vegetat-
ed areas, signifying the city’s growth.

According to studies (e.g. Zhang et al., 1995; Schats
and Kucharik, 2014), land surface reflectivity is one of
the most important parameters that characterize the
earth’s radioactive regime and its impact on biospher-
ic and climatic processes. Oke (1973) measured ur-
ban albedo and found it to range from 0.08 to 0.20 in
United States’ cities. The study attributed the observa-
tion to the complicated urban surface geometries that
causes multiple reflections and trapping of radiation
with the canyon spaces.

Thermal Comfort

A research conducted in hot and humid conditions in-
dicated that few people visit squares or other public
spaces when the thermal index is high (Lin, 2009). In

Egypt, Robaa (2011) investigated the effect of urbaniza-
tion and industrialization processes on outdoor ther-
mal human comfort in greater Cairo region. The study
noted that the processes are responsible for increase of
human hot uncomfortable feeling, which hinders hu-
man activities in the urban area, while the rural con-
ditions lead to optimum weather comfort for further
and more human activities. A study by Toy and Yilmaz
(2010) looked at the extent of the effects of a medium-
sized, unindustrialized and well planned city in Tur-
key on human thermal comfort conditions. The study
achieved this by comparing the results of thermal com-
fort calculations, by means of meteorological data from
1999 to 2008 taken from non-urban and urban areas
and thermohygrometric index (THI) and predicted
mean vote (PMV) indices. From the evaluation, it was
found that both THI and PMV values are higher in ur-
ban area than those in rural area nearly all year round.
However, the effect of the city on human thermal com-
fort was found to be statistically not significant.

Park et al. (2014) investigated human thermal sen-
sation on human bioclimatic maps in summer, 2009
using the UTCI in Nanaimo, BC, Canada and Chang-
won, Republic of Korea. According to the study, the
greatest heat stress is experienced mid-afternoon.
Generally, open sunny areas had moderate to strong
heat stress, while shady areas had no thermal stress
to moderate heat stress. This explains the direct link
between temperature and thermal comfort; generally,
high temperatures are associated with high discom-
fort as compared to the experience in lower tempera-
ture of a similar setting. The study further noted that
narrow streets had lower UTCI’s than open spaces in
both areas. The width of the streets can be linked to
wind speed, where narrow streets are associated with
wind tunneling effect. The effect reduces air temper-
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ature at a point of passage, consequently increasing
thermal comfort level.

A study of seasonal effects of urban street shad-
ing on long-term outdoor thermal comfort in central
Taiwan by Hwang et al. (2011), using RayMan model,
showed that slightly shaded zones typically have high-
ly frequent hot conditions during summer, particular-
ly at noon. The same study noted that highly shaded
areas generally have a low physiologically equivalent
temperature (PET) during winter. The study recom-
mended shading as one of the best options in improv-
ing thermal environment for urban streets.

Indoor thermal comfort in urban areas has gained
a lot of interest since people spend most hours of the
day indoors; yet, it happens that most houses are not
well ventilated to enhance comfort. The indoor thermal
comfort is very serious as it is not only influenced by
the housing and its activities, but also by the prevail-
ing outdoor environmental condition. Effective plan-
ning of urban structures can only be achieved with the
knowledge of the prevailing and anticipated climate
information (Jendritzky and Dear, 2009). In Nairobi
and Kenya at large, there are no existing laws govern-
ing walls in buildings in the effort to enhance comfort
(Kariuki et al., 2015). The ongoing unplanned construc-
tions, especially in informal settlements, in the awake
of global warming and UHI enhancement, will reduce
the thermal comfort of city residents in the near future.
Ogoli (2003) developed a formula for predicting indoor
maximum temperatures for closed high mass buildings
at equatorial high altitudes. The study assessed the ef-
fect of thermal mass in lowering the maximum indoor
daytime temperatures. The findings showed that the
low mass test chambers closely followed outdoor con-
ditions; did not offer any significant thermal storage.

Ongoma and Muthama (2014) reviewed and as-
sessed the applicability of the heat stress indices in
Kenyan weather forecasts. The study tested the ap-
plicability of Discomfort Index (DI) in Kenyan daily
weather forecasts using observed station and forecast
dry bulb and wet bulb temperature data from Con-
sortium for Small-Scale Modelling (COSMO) mod-
el used by Kenya Meteorological Department (KMD).
According to the study, the COSMO model gives a rel-
atively good prediction of DI in Kenya. The study that
only considered datasets spanning for one year ob-
served that in the highlands east and west of Rift Val-
ley and Nairobi counties do not experience heat stress
throughout the year. However, noting the limitation
of the data, the study called for further research on
the same, utilizing longer data sets.

Temperature
Transformation of natural surfaces into urbanized
ones and anthropogenic activities mainly alter the ra-

24 | Geographica Pannonica * Volume 20, Issue 1, 19-31 (March 2016)

diation balance causing albedo differences (Ryu and
Baik, 2012; Li et al., 2013). The result of these combined
effects and additional heat emission of anthropogen-
ic activities, urban environment is generally found to
be warmer than its natural/rural counterparts with a
varying degree, a condition termed as Urban Heat Is-
land (UHI) (Stewart and Oke 2012; Toy and Yilmaz,
2010; Oke 1973, 1982; Li et al., 2013; Landsberg, 1981).
The study by Oke (1982) linked the occurrence of UHI
to a number of factors among them: increase in stor-
age capacity of sensible heat in the construction ma-
terials, anthropogenic heat released from vehicles, in-
dustries and domestic heating, decreased long-wave
radiative heat losses as a result of reduced sky-view
factors, a reduction in potential for evapotranspira-
tion and reduction of wind speed which limits con-
vective heat removal from the city.

In as much as the contribution of UHI to global cli-
mate change may not be significant, the opposite is
concern, and worth of monitoring. Currently, studies
have clearly shown that the earth is warming (IPCC,
2007). The study attributes the warming to the emis-
sion of greenhouse gases (GHG). GHG emission is ex-
pected to continue, projecting continued increase in
global warming. The challenges associated with the
global warming include increases in frequency and
intensity of hot extremes, heat waves and heavy pre-
cipitation. According to Voogt (2002), global climate
change will increase thermal challenge in urban are-
as by intensifying UHI impacts. According to a recent
study by Argiieso et al. (2015), the joint contribution
of urban expansion and climate change on heat stress
over the Sydney region will lead to increased risk of
heat-stress conditions, with substantially more fre-
quent adverse conditions in urban areas.

Researchers have approached and examined UHI
in different ways. Temporal and spatial characteris-
tics of UHI have been examined using observations
at fixed points; representing non-urban and urban
settings (e.g. Schats and Kucharik, 2014) and in some
cases, measurements are carried out on mobile plat-
forms (e.g. Brandsma and Wolters, 2012). The extent
of urban warming is highly variable over both time
and space, on average, urban temperatures may be
1 - 3°C warmer, under appropriate meteorological
conditions (Oke, 1981). The UHI intensity is gener-
ally higher at night as compared to daytime (Schats
and Kucharik, 2014; Yang et al., 2013; Brandsma and
Wolters, 2012).

In Melbourne, Australia, Morris (2005) investigat-
ed the occurrence of UHI in Australian Central Busi-
ness District (CBD) and the Industrial Suburbs (IS).
The study found that UHI was most pronounced when
the wind speed in the CBD and IS was less than 3 m/s.
It was further ascertained that during clear sky con-



Victor Ongoma, Pamela Kalondu Muange,
Zablon Weku Shilenje

22
21—
¥
v
5 20-
(]
5
a
£ 19-
£
o
E 18-
©
3
C
£
17 4
16 I I I I I I I

1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998

—4&— DC O

JKIA

Years

—x— WAP  —@— MABE

Figure 5. Mean Annual Temperature Time Series over Nairobi City
(MABE - Moi Air Base Eastleigh, WAP - Wilson Airport, JKIA - Jomo Kenyatta International Airport, DC - Dagoretti Corner)

(Source: Makokha and Shisanya, 2070)

ditions and wind speeds less than 1.5 m/s, the heat is-
land was as high as 10°C around midnight. As expect-
ed to the contrary, during very windy evenings, the
heat retained by the urban area was dispersed more
easily which resulted in a smaller difference between
the CBD and the outer suburbs.

A study by King’uyu et al. (2000) pointed out warm-
ing over the larger east Africa. According to the study,
the warming was characterized by general nighttime
warming; reduction in diurnal temperature range. A
perfect locality that exhibited this temperature pat-
tern is Dagoretti Corner in Nairobi. The same obser-
vations were made in a more recent study by King'uyu
et al. (2011). The latter attributed the more prominent

nighttime warming as compared to day time warm-
ing over Nairobi to urbanization.

Ongoma et al, (2012, 2013a) and Makokha and
Shisanya (2010) observed increase in both minimum
and maximum temperature of the city of Nairobi (Fig-
ure 5). An analysis of mean annual temperature over
the city using Climate Research Unit (CRU) data, 1951-
2010, shows increasing temperature trend since 1970s
to date (Figure 6). The highest change in temperature
has been observed in the recent past, between 1990s
and 2010s. A summary of the mean decadal temper-
atures is presented in Table 1. However, the increas-
ing trend cannot be entirely attributed to urbanization
since global warming is also a factor behind atmos-
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Figure 6. Temperature variability over Nairobi city based on CRU data, 1951 -2010 (Orange - Interannual; Blue - Decadal)
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Table 1. Decadal temperature over Nairobi city, based on
CRU data, 1951-2010

Years | 1950s | 1960s | 1970s | 1980s | 1990s | 2000s
(ngp' 18.8 | 183 | 181 | 186 | 18.8 | 195

pheric warming globally. There is need for high resolu-
tion datasets, and advanced data analysis techniques to
distinguish the contribution of urbanization from the
global warming on the observed temperature.
Makokha and Shisanya (2010) examined the long-
term urban modification of mean annual conditions
of near surface temperature in Nairobi City. According
to the study the change of temperature over the thir-
ty-four years study period is higher for minimum tem-
perature than maximum temperature. The warming
trends were observed to be more significant at the ur-
ban stations than is the case at the sub-urban stations,
the temperatures were observed to increase with in-
crease in proximity to the CBD. This is an indication
of the spread of urbanization from the built-up CBD
to the suburbs. According to Figure 5, temperature re-
corded in the city increases from Jomo Kenyatta Inter-
national Airport (JKIA), to Wilson Airport (WAP) and
Moi Air Base Eastleigh (MABE), in the same order in
which their proximity to the CBD increases. Although
Dagoretti Corner (DC) is close to the CBD as compared
to JKIA, its temperature is low than what is recorded at
JKIA. This observation could be attributed to the loca-
tion of DC on the western side of the CBD where the
temperature is generally lower than the eastern side
(Ongoma, 2012). The observed significant warming
trends in minimum temperature, which are likely to
reach higher proportions in future, pose serious chal-
lenges on climate and urban planning of the city.

These studies are in agreement with Chen et al.
(2006); a study carried out to investigate UHI intensi-
ty during the period of 1961-2000 in Wuhan, China by
analyzing annual mean, mean minimum and maxi-
mum temperature anomalies from a set of one non-ur-
ban station and four urban stations. The study found
out that significant warming of mean minimum tem-
perature and annual mean temperatures occurred at
all stations. However, it was noted that warming was
being significantly larger at the urban stations.

A study carried out by Okoola (1980) investigating
UHI using 9-year minimum and maximum temper-
ature observations over the city of Nairobi revealed
that the maximum UHI intensity lay to the north east
of the main city centre. The highest mean monthly ur-
ban - non-urban contrast was noted to occur during
the months of January and February. Ongoma (2012)
observed similar case where the generally the east-
ern part of the city exhibited a positive temperature
anomaly as compared to the western side that had a
negative anomaly (Figure 7).

The occurrence of UHI in cities is likely to aggra-
vate the problem because longer-term effects of glob-
al climate change (Fischer et al., 2012; Luber and Mc-
Geehin, 2008). This will lead to further increases in
temperatures in an urban microclimate with nega-
tive implications for energy and water consumption
(Kolokotroni et al., 2012), human health and discom-
fort, local ecosystems, and as increasing chances for
the formation of some atmospheric pollutants (Arn-
field, 2003; Akbari, 2005).

Wind

Urban wind is greatly influenced by obstacles such as
structures and orientation. Wind speed and direction
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greatly affects thermal comfort (Mochida and Lun,
2008). Wind affects dispersion of pollutants in the city
and distribution of heat which affects human comfort.
The dominant winds over the city of Nairobi are east-
erlies (Opijah etal., 2007; Ongoma et al., 2013). A study
carried out over the city by Ongoma et al. (2013b) ob-
served a decrease in wind speed with time although
the directions remain constant (Figure 8).

The reduction in wind speeds with the growth of
the city is explained by change in surface roughness
as well as enhanced temperatures that reduce pressure
over the city forming a centre of low level convergence.
Altered surfaces of urban areas can also cause wind-
less environments where tall and densely constructed
buildings may serve as obstacles to wind.

On the other hand, high-rise city structures with
open walk and driveways can enhance wind tun-
neling effect, which is associated with strong wind
that cause discomfort in the outdoor. The strong wind
not only causes discomfort discouraging people from
visiting the city streets (Wise, 1970), and also increas-
es cases of property destruction which threaten peo-
ple’s security.

Humidity

Humidity is an important factor in the determination
of human comfort extent. Imbalances in the charac-
teristics of urban atmosphere caused by the factors
such as dense construction and land use variations
can generally cause drier urban atmosphere depend-
ing on time of the day and year (Liu et al., 2009). Gen-
erally most urbanized cities show drier urban cen-
tres in the afternoon and early evening, but moister
at night (Schats and Kucharik, 2014; Liu et al., 2009;
Robaa, 2003). A study carried out over the city of Nai-
robi in 2010 by Ongoma et al., (2010) reported a gen-

eral decrease in humidity of the city. This is in agree-
ment with Unkasevic et al. (2001), in a study that
compared the urban against non-urban water vapor
pressure and relative humidity (RH) in Belgrade and
found out that urban area is drier than others in the
afternoon throughout the year. Similarly, Fortuniak
et al. (2006) analyzed data from two automatic sta-
tions in Poland (one non-urban and one urban) for a
period of 1997-2007, the study found out that relative
humidity (RH) is lower in town, sometimes by more
than 40%.

A case study of day-time effects of urbanization on
RH and vapour pressure in a tropical city, Ibadan - Ni-
geria observed that urbanization has a significant ef-
fect on both RH and vapour pressure (Adebayo, 1991).
The changes were noted in the afternoon and during
dry season. Although the two parameters were affect-
ed by urbanization in the same manner, the effect was
greater on RH as compared to vapour pressure.

Conclusion

The ongoing increase in urbanization, coupled with
global warming generally modify climate creating
microclimates in different cities. Studies carried out
in urban centres globally acknowledge that UHI is a
growing threat to human thermal comfort in the cit-
ies.

This study has revealed the influence of urbaniza-
tion on urban climate. The increases in both maxi-
mum and minimum temperature affect human com-
fort. Humidity is observed to generally decrease over
the city of Nairobi. It is also noted that wind speed is
decreasing over the city; wind speed and direction af-
fect dispersion of pollutants and distribution of heat
which affects human comfort in the city. The reduc-
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tion in wind speed over the city reduces the thermal
comfort of its inhabitants. The findings of this work
are thus important for multi-sectoral use in design-
ing Kenyan cities.

Despite of the rich knowledge on urban climate,
borrowing lessons from the highly developed cities
today, unfortunately, there is still a need to bridge the
gap between the science and its practical application.
Since the thermal discomfort in no serious problem
today over Nairobi and likely over other Kenya cities,
there is need and room for formulating and effecting
long term urban development standards, by providing
practical tools for urban planning purposes.

This study thus recommends use of practical ap-
proaches such as increasing the urban forest cover
and a proper planning of the city to help prevent fur-
ther modification of weather and climate through in-
ter-disciplinary approach. For instance, in urban en-
vironments, open green spaces not only contribute to
urban image and aesthetics, but also improve urban
climate, thus these spaces may be considered as a fa-
vourable factor on decreasing the urban - non-urban
climatic differences (Demuzere et al., 2014; Pauleit et
al., 2011). The study calls for continuous research that
focuses on urban thermal comfort: indoor and out-
door, especially in urban structures. Such research
will require high resolution and relatively long data
sets, and advanced data analysis techniques to achieve
quality results.
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