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Abstract
The often rapid and drastic changes in the weather and climatic patterns of West Africa in the last two
decades are issues of immense concern although more obviously in agriculture and health. In this paper, we
discuss the energy implications of these changes in Nigeria. We argue that the demands for energy as well
as the availability of some energy resources are highly dependent on weather parameters variability. In
addition the exploitation and supply of energy are inherently linked to meteorology and as such climate.
The need to improve Nigeria’s weather forecast service and climate change scenario construction are
highlighted.
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1.0 Introduction
The fact that there is global climate change is now
beyond conjecture. The general trends based on
climate models (IPCC, 2007) points toward warmer
conditions in the future. The related vulnerabilities
to such trends have remained issues of immense
academic exercise. The consensus appears to be
that the weakest nations of the world would ultimately
be the most vulnerable to climate change since they
may have the least adaptive capacities to the
aftermaths. Global climate change-related impacts
are easily felt in aspects such as water resources
and food systems (see for instance Chineke et al.,
2005), land use (see Ahlcorona, 1988) and
ecosystems (see Nicholson, 1992). One particular
area that is yet to come under serious discussion
with respect to climate change effects is the energy
sector: the interaction of climate and energy are
usually considered along one direction which is “the
climate effects of energy use” – such as the effects
of fossil fuel consumption on atmospheric green
house effect. The reciprocal effect of a changing
climate on the energy system is grossly overlooked.
It is this ignored aspect of climate-energy reciprocal
interaction that this paper seeks to address.

Since climate is the average of the cumulative weather
system over time (from decadal to inter-decadal time
scales), the energy sensitivity to meteorological
parameters (that define weather systems) is the
preferred angle for discussing climate impacts on the

energy system. Analysis of dependence of energy
sector to such meteorological parameters serves the
benefit of projecting these to various climate change
scenarios.

Climate change has global, regional and local-scale
characteristics. In West Africa for instance, these
have been quite large and drastic over the last two
decades or so and have been of immense concern
to climatologists and environmental scientists. In this
paper, our focus is on Nigeria, which with its vast
land mass (~ 924,000km2), population (over
130,000,000) and climate disparities (‘4 climate
zones) is a country that is highly susceptible to
weather and climate changes as any little shift in the
global climate will be felt differently at different
places and will be amplified by socio-economic
conditions such as poverty and illiteracy which make
adaptation more difficult hence complicating national
vulnerability. The focus is on the energy sector which
has performed poorly over the years. The numerous
problems of power generation and supply in Nigeria
are well enumerated by Akujor et al., (2008). With
the already existing problems any energy sector-
related climate change impacts would be more
serious.

In our discussion, the key issues in the energy
problems are captured using the following  flow path:
DEMAND    AVAILABILITY      SOURCING

  SUPPLY. The basis of the choice of this path is
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that energy is first demanded, and then the availability
of the sources is ascertained. The available energy
is then sourced and finally supplied to the consumer.
Then the guiding question is: How would meteo-
rological changes and by implication climate change
impact the energy system holistically? In attempting
to answer this question we have discussed results
from selected studies of atmospheric and
environmental science mostly performed locally as
they relate to each of these issues of the energy
system

2.0 Meteorology and Energy Demand

The demand for energy is influenced by a number of
factors some of which are socio-economic while
others are environmental. A major question the
energy meteorologist may ask in relation to weather
is; “what are the peak periods for energy demand in
a locality?” Statistics to answer this question is indeed
lacking in Nigeria. In temperate regions of the world,
the highest demand is during the winter period due
to the huge energy requirement for heating. Assuming
that more energy is required in the dry season in
Nigeria for cooling (air conditioning and
refrigeration), then as the earth gets warmer as
projected by most much of the IPCC climate
scenarions, there could be some pressure on the
energy system. Drops in rainfall for instance would
imply more energy to pump water for domestic use
and also for irrigation.

2.1 Role of Urbanization
Urbanization will increase the average air
temperatures of an area. The effect is normally from
what is termed the Urban Heat Island (UHI)
phenomenon which results in elevated temperatures
of urban areas compared to the surrounding rural
areas (see Quante, 2004). The UHI is a resultant
situation from higher population densities and the
heating effects of buildings and surfaces; the
meteorological connection to this problem is that such
conditions will be exacerbated by generally increasing
trends in surface temperatures.

An investigation recently carried out to assess
possible urban heat island build-up at Owerri
metropolis (Nwofor and Dike, 2010) showed that
locations with highly varying anthropogenic heat
release such Filling stations (E-college and Kedeni

in Figure 1) and student’s park (e.g. IMSU love
garden) recorded large temperature jumps within a
day compared to other locations. The preliminary
results generally revealed the influence of factors
such as population, traffic, green area and rivers in
temperature variations in the city. The consequences
of elevated urban temperatures on the energy system
include increased energy demand for air conditioning
and refrigeration.

Generally, averagely higher temperatures were
recorded for more crowded areas with more closely
packed built-up structures such as the St Paul’s area
than freer greener areas such as Naze, AICE and
Egbeade axis (see Figures 1 and 2). With increased
urbanization, the general temperature of the town
will keep increasing. The consequences of the
elevated urban temperatures on the energy system
include increased energy demand for air conditioning
and refrigeration.

Figure 1: Average weekly cycle of temperature plot-
ted for all the stations for measurements made from
6th March, 2006 to 13th March, 2006. (After
Nwofor and Dike, 2010).

3.0 Meteorology and Energy Availability

The sensitivity of Nigeria’s energy sources to various
weather-related factors is not well understood and
quantified at the moment. Arriving at more realistic
projections of Nigeria’s energy demand-supply
dynamics makes for a more resilient energy delivery
system and this requires data on expected temporal
variability if there is. This will also help in constructing
vulnerabilities and adaptive capacities under climate
change scenarios.
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suggesting the adoption of an integrated solar-wind-
tide electric power scheme for Nigeria underscored
the pronounced intermittence in power production
from these resources when used separately owing
to inherent variability of these meteorological
parameters.

4.1       Hydro-Electric Power
Hydro electric power is generated from water bodies
enclosed in dams. Hydro electric power is generated
in Nigeria at the Kainji and Shiroro power stations,
and these are affected by weather parameters
variability. Precipitation is the major variable affecting
hydro-power schemes. More power cuts are usually
reported in Nigeria during the dry season compared
to the wet season. This is because of reduced Kainji
water levels during the dry period. Prolonged long-
term drought which is projected on the basis of
centennial rainfall data for many places in Nigeria
(see for instance Nwofor et al. (2010) implies that
hydro-based electric power system could suffer in
future in the country.

4.2         Solar Power Systems
The design of solar energy systems is commonly
based on monthly averages of solar radiation and
other climatic data. Several models have been
developed to estimate the amount of total solar
radiation and these are all based on climatic
parameters such as sunshine duration, cloud cover,
humidity, maximum and minimum ambient
temperature, etc. (Chineke, 2008; Chineke and
Okoro, 2010). Solar radiation is affected by
meteorological parameters such as precipitation,
wind speed, clouds, aerosols, etc. as these usually
affect sunshine hours. In most parts of Nigeria,
sunshine hours hence solar irradiance is more during
the dry season months (see Figure 3). Projections
of dryer years may therefore improve solar energy
availability.

4.3         Wind Turbines Systems
Wind energy potential is normally proportional to
the observed wind speed (see Table 1 adapted from
Elliot and Shwartz, 1993). For wind turbine systems,
the wind speed and the air density are the major
meteorological parameters of importance. Wind
speed and direction in West Africa are moderated
by the monsoon winds system – the South-Westerly
(SW) in the wet season and the North-Easterly (NE)

Figure 2: Average temperature for all the sites. (Af-
ter Nwofor, 2010).

Energy sources are the raw materials for
generatingenergy. Energy sources are categorized
under the renewable and non-renewable sources.
The major sources in Nigeria have been reviewed
by Akujor (1985). On the other hand the term
“energy availability” has been discussed in details
by Nwofor et al. (2007). For the renewable energy
sources, availability is usually expressed in terms of
theoretical potentials while for the non-renewable
sources, availability is commonly discussed in terms
of reserves. The dependence of energy availability
on weather and climate is considered to be much
more pronounced with renewable energy sources
than with the non-renewable sources. It is potentially
problematic however to estimate energy outputs
from both the renewable and non-renewable sources
based on only theoretical outputs alone without
consideration for weather related temporal variability.
In Table 2 we show the inherent links between the
key physical parameters that provide the basis for
some renewable energy options (hydro, solar, wind,
tidal, biofuels) and meteorological changes.

4.0 Meteorological and Climate Factors in
the Availability of Renewable Energy
Potentials

All the renewable energy sources are weather-
dependent. Meteorological data are generally
required for the design of hydro-electric power
stations, solar energy power stations and wind
energy turbines etc. Chineke and Nwofor (2007) in
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in the dry season. The largest wind intensity in Nigeria
tend to occur in the peak monsoon months (June/
July) and the peak harmattarn period (December/
January) (see Figure 4 after Nwofor et al., 2007).
Chineke (2010) has analyzed multi-year data from
all the climate zones in Nigeria with the conclusion
that appreciable wind energy potentials were
possible. The possible wind speed changes under
various climate change scenarios are still very
difficult to realize using models both in terms of
synoptic scale and mesoscale meteorology. (In
eastern Nigeria the harmattarn winds have been
arriving a month or two later in the last three years).

Figure 3: Average monthly mean daily sunshine hours
(1951 – 1986) for 34 cities in Nigeria (Chineke and
Nwofor, 2007).

Figure 4: Average monthly wind speed variance at
Ilorin Nigeria; a typical sub-sahara location. (After
Nwofor et al., 2007).

Table 1: Wind energy potential and corresponding
wind velocities in United States of America (after
Elliot and Shwartz, 1993)

Table 2: Links between some renewable energy
options and meteorological parameters.

4.4         Tidal Electric Systems
Tidal energy systems rely on the potentials from
gravitational effects on the moon and the sun. The
oceanic waters lifted due to lack of rigidity caused
by the tides and the water can be enclosed in dams
and used to generate power. The tidal backslash at
the Port-Harcourt tourist beach has been used to
infer that the semi-diurnal pattern of coastal tidal
potentials in Port- Harcourt is quite regular (see
Nwofor et al., 2004). This regularity is a major utility
for utilizing tides for power generation. The study
also showed that there are large meteorological
residuals in these coastal tides. Frequency and
intensity of tidal potentials are affected by storm
surges and extreme events such as cyclones, tsunami,
hurricanes etc. These conditions will get more
pronounced as climate changes further and the use
of tides for energy generation could suffer.

5.0 Meteorology and Energy Sourcing

Energy sourcing refers to the various steps taken in
locating and extracting energy from the place of
availability. The exploration and exploitation of
hydrocarbon energy sources are quite familiar.
Renewable energy sources such as geothermal
energy are also explored for before extraction.
Studies on potential effects of meteorology on energy
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exploration have been discussed here in terms of
the weather and climate dependence of the
interpretation of geophysical measurements in the
search for hydrocarbon energy sources.

Short term changes in the temperature and
precipitation for instance have been found to
influence the electrical resistivity of porous shallow
earth materials (Nwofor et al., 2003). Electrical
resistivity is a property that finds use in oil exploration.
Possible effects of moisture and temperature
variations observed for some shallow depth materials
imply that resistivity-based explorations might be
susceptible to temperature changes. The electrical
conductivity of shale, shelly limestone and mudstone
were all found in the study to be affected by both
moisture and temperature due to the dominance of
ionic conductivity in such samples. It is however not
clear from the study if these effects will also be
reasonable at considerable depth where oil deposits.

On another hand the response of a popular
exploration geophysical instrument, the Lacoste
Romberg gravity meter (LCR) has been found to
be susceptible to changes in external temperature
especially for old instruments that have lost part of
their temperature compensation. Considerable
abnormal drifts and deviations in the sensitivity were
observed for the instrument (Nwofor and Chineke,
2003; 2005). The sensitivity of energy exploration
instruments to weather parameters is therefore a
major energy. implementation of meteorolgical and
cliate changes.

6.0 Meteorology and Energy Supplies

Meteorological changes affect the supply of both
renewable and non-renewable energy.

6.1 Oil Production and Supplies
The seasonal variation in the flow of oil in wells is
the most obvious indication of effects of meteorology
on oil production. Production rates during the life of
wells are found to vary with season. In addition the
properties of crude oil change during production.
Due to seasonal variation, the average line
temperature for instance may change in the course
of piping the product. As it is shown in Figure 5
(after Mahmood, 2009), the viscosity of crude oil is
a stong function of API (America Petroleum Institute)

.

Figure 5: Effect of line average temperature on the
total pump power requirement of oil. (After
Mahmood, 2009).

gravity and temperature. The figure indicates that
for the oil pipeline, the pumping power requirement
varies as the crude oil oAPI changes. Increasing API
or line average temperature reduces the crude oil
viscosity. The reduction of viscosity results in higher
Reynolds number, lower friction factor and in effect
lowers pumping power requirements. Note that as
the line average temperature increases, the power
requirement decreases. This signifies one way in
which the projected warmer climates may favor the
energy industry in terms of cost.

6.2 Extreme Climate Events and Energy
Supply

“Extreme climate events” are ascribed to the various
unusual climate situations that result likely to
hurricanes, typhoons, tornadoes, dust storms, hail,
etc. Although the intergovernmental Panel on Climate
Change (IPCC) Assessment Report (IPCC, 2007)
states that; “…. there is insufficient evidence to
determine whether trends exist in tornadoes, hail
lightning and dust storms which occur at small spatial
scales” – there is emerging scientific consensus that
climate change will impact on the frequency, severity
and location of extreme events and these will
potentially impact the power delivery system mostly
negatively.

Lightning for instance is considered as one of the
largest causes of power outages in many parts of
the world including Nigeria. Infact in lightning prone
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areas, lightning is considered the single largest cause
of outages in transmission and distribution systems.
Price (2008) has shown that the distribution of
lightning around the earth is directly linked to the
climate. On the diurnal scale lightning activity in the
tropics peaks a few hours after the peak solar
heating, while on the seasonal scale the peak is a
few months after peak annual solar heating. As climate
warms, the maximum static energy occurs near the
surface leading to increasing convective storms.
Hence warmer climate is prone to more intense
thunderstorms and lightning activity. This explains
why more than two-thirds of the global lightning
occurs in the tropical thunderstorms (Christian et
al., 2003).

With projections of a warmer world, the implication
is that we expect increased frequency and possibly
severity of lightning activity especially in the tropics
in the future (Reeve and Toumi, 1999). The
consequences for the energy sector of course are
more power outages.

6.0 Conclusions

The dependence patterns of some daily weather
variables in Nigeria such as temperature, rainfall,
wind speed, etc. have shown pronounced variability
with time. Short term changes in temperature (in
particular) and rainfall are shown in this paper to
influence the sensitivities of earth materials and the
response characteristic of gravimeters. These
changes and those of various other meteorological
parameters have been shown to potentially affect
the availability of solar, wind and tidal energy. We
have also shown that the demand for energy as well
as the supply of electric power are sensitive to various
weather situations. These results imply that the
economics of oil explorations and renewable energy
development in Nigeria may be highly influenced by
weather variability and as such climate change much
more than is presently presumed. These effects have
the potential of complicating Nigeria’s energy
situation in future as the various projected new
climate scenarios unfold. A holistic energy policy for
the country must therefore take the issues of weather
and climate changes more seriously. To get round
this potential problem the country must step up the
acquisition of meteorological parameters data in
order to monitor the changes and construct energy-

related vulnerabilities to such changes. There is the
need to attempt short, medium and long-term
weather and climate forecasting of temperatures,
precipitation, wind, oceanic currents, etc.

In the case of climate vulnerabilities in the oil industry
in the country, one must state that Nigeria’s oil
economy gave rise to explorations and engineering
activities without much recourse to environmental
aftermaths. It is however noteworthy that global
emphasis is now shifting to environmental issues
associated with oil exploration and more so in the
Niger Delta area where ecological and environmental
degradation have resulted from oil exploration and
exploitation leading to social tension and militancy.
These problems will be exacerbated under the
projected climate scenarios towards warming which
are expected to give rise to more flooding of coastal
settlements, loss of aquatic life, migration and
increased social tension. The energy per capita is a
standard for quality of life and this must improve in
the country even in the face of various anticipated
consequences of climate change. The environmental
aspect of energy sourcing should therefore be a
serious area of research in Nigeria Universities.
Studies should address for instance environmental
issues of exploration and hydrocarbon exploitation,
implications of global environmental changes for
geophysical instrumentation and methods,
environmental aspects of energy exploration and use,
renewable energy exploration and the likes.
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