CLIMATE CHANGE IMPACT IN TEMPERATE CLIMATE WITHIN TROPICAL WEST AFRICA
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Abstract

Climate change challenges humanity’s health, agriculture, education, industry, and socioeconomic
activities. Recently, news space has been washed with devastating effects of climate change in Europe
and other continents with temperate climates. Consequently, this study was initiated to investigate the
situation in some temperate climates within tropical West Africa. A survey research technique with
questionnaires and temperature graphs was used as a data collection tool. Six hundred and forty-eight
(648) inhabitants responded and returned the questionnaires. Temperatures of 10-20 years on graphs
were obtained. The former was analysed using percentage and range. The latter was analysed using
the difference between the first and last annual temperatures on each graph. Results showed a 2.0-
degree Celsius rise in temperature, prevalence of destructive strong wind storms, decreasing surface
fresh water, crop yields, increasing flooding, and poverty. Therefore, it is recommended that Fossil
fuel wastes that cause climate change should be converted to wealth, such as urea, graphite,
graphene, and green limestone. Others are behavioural change education, green technologies like
solar equipment, compressed natural gas (CNG) vehicles, electrical vehicles, etc. should be produced
locally at an affordable cost.

Keywords: Temperate Climate, Climate Change, Green Technologies, Behavioural Change
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INTRODUCTION its higher altitude gives the plateau a near

temperate climate with an average temperature
of between 18 and 22°C. Harmattan wind causes
the coldest weather between December and
February. The warmest temperatures usually
occur in the dry season months of March and
April. Rainfall varies from 131.75cm?® to
146¢cm?. The highest rainfall is during July and
August.

Tropical West Africa lies along the equatorial
zone. It is characterised by high temperatures
and hot weather. Consequently, most people in
tropical West Africa have dark skin due to the
high concentration of melanin induced by high
temperatures. However, there are isolated
temperate climates within this tropical West
Africa. These are found in very high mountains

and Plateaus like the Mambilla Plateau, Jos
Plateau, and Obudu Plateau. A geographical
phenomenon states that the higher you go
upward, the cooler the temperature becomes. A
plateau is a flat elevated landform that rises
sharply above the surrounding area on at least
one side (National Geographic Society,
NGS,2023). Plateaus occur on every continent
and take up a third of the Earth's land. They are
one of the four major landforms, along with
mountains, plains and hills, NGS added. Plateau
state government website (2024) reveals that
though Jos Plateau is situated in a tropical zone,

Similarly, Wikipedia (2024c) narrates that the
Obudu plateau experiences a semi-temperate
climate with temperatures going between 26°C
and 32°C during the dry season months of
November to January. The rainy season peaks in
June to September and is colder with
temperatures of between 4°C and 10°C recorded.

Also, Wikipedia (2024a) describes the Mambilla
plateau as a temperate climate in a tropical zone.
The climate of the plateau is comparatively cold.
Daytime temperatures hardly exceed 25°C,
making it the coolest region in Nigeria. Strong
winds prevail during the daytime and the rainy
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season lasts from mid-March until November.
Wikipedia (2024a) further describes the
Mambilla plateau as the highest point in West
Africa. There is a dry season from late
November to early March. The rains (which are
abundant and regular) peaking in August.

Previous works on climate change show that the
atmosphere plays an essential role in preventing
the high-energy rays of the sun from coming into
contact with and eventually destroying living
organisms. Most chemistry of the stratosphere
(one of the four regions of the atmosphere)
involves the ozone layer, O3, the
Intergovernmental Panel on Climate Change,
IPCC (2007) and the World Meteorological
Organization, WMO (2022). The ozone in the
stratosphere is beneficial because it absorbs
ultraviolet energy or photons which penetrate the
outer region of the atmosphere. This ultraviolet
(UV) energy could cause severe tissue damage.
Unfortunately, humans resorted to technologies
that use fossil fuels. Many reactions are
occurring from this fossil fuel use that yield
waste products which cause depletion of the
ozone layer which was noticed in the 1970s
(United Nations Environment Programme,
UNEP,2024). (National Aeronautics and Space
Administration (NASA) and scientific
visualization studio SVC). Observe a hole in the
ozone called the Antarctic zone hole1985.

However, Wallack and Ramaathan (2009) found
that the warming effects of carbon dioxide have
been known since 1900s and that of black
carbon was discovered recently in the 1990s. All
use sophisticated drones’ aircraft, ships and
satellites to track carbon and ozone from their
sources to remote locations thousands of miles
away and how they cause atmospheric heating.
Below is an equation showing the depletion of
the ozone layer.

03+UV  — O+0O+Heat
O+ 03 — 20,
Net reaction: 203+UV— 30,

Consequently, high-intensity heat from the sun
reaches the Earth's surface causing global
warming and climate change.

The purpose of the study sought to achieve the
following objectives:

1. Identify climate change challenges in
temperate Mambilla, Obudu and Jos
plateaus in tropical West Africa.

2. Establish the prospect that abound in
challenges of climate change in the
temperate plateaus in tropical West
Africa.

The study is limited to three plateaus out of
many highlands in the sub-region. Likewise, the
study is limited to a few communities on each
plateau. This is due to limited finance, time,
personnel and equipment. Furthermore, the study
is limited to climate change issues on the
plateaus.

METHODS AND MATERIALS:

The researchers deployed a survey research
method. Osuola (2021) says ‘survey research
studies both large and small populations, by
selecting and studying samples chosen from the
population to discover the relative incidence,
distribution and interrelations of sociological and
psychological variables.” Osuola further states
that surveys are oriented towards the
determination of the status of a given
phenomenon rather than the isolation of
causative factors. He added that the survey is
based on large cross-sectional samples not
intensive and longitudinal study of a small
sample.

660 samples were drawn from 12 communities
in each of the three plateaus, representing
0.058% of 1,145,100 people on the three
plateaus. 660 questionnaires were distributed
using purposeful sampling to 122 samples in the
Mambilla plateau, 264 samples in the Obudu
plateau and 274 samples in the Jos plateau. 648
questionnaires were retrieve; 117 from Mambilla
plateau, 261 from Obudu plateau and 270 from
Jos plateau. These represent 98.2% of the
questionnaires administered. The data was
collated and analyzed using simple percentages
(%) and ranges. Temperature graphs of the study
areas were analyzed using the difference
between former and latter temperatures.

The following are highlights of the three selected
plateaus in Nigeria:

Wikipedia (2017) documented that the Mambilla
plateau is located at 1600M (5249ft) above sea
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level. On the map, it is located at 7.3300°N and
11.72°E. Chappal Waddi or Gangirwal is the
highest point on the Mambilla plateau, also in
Nigeria and West Africa, being 2419M (7936ft)
above sea level. Wikipedia (2017) also declares
that the plateau is home to a proposed Mambilla
hydroelectricity power dam and a tea plantation
from which highland tea is produced. The
Mambilla hydroelectric power dam is capable of
producing 3,050 MW, being the largest
hydroelectric power dam in Nigeria and Africa.
Mambilla plateau is inhabited by Mambilla,
Kaka, Kambo, Panso and Fulani ethnic groups
who are farmers and pastoralists. It is a great
tourism hub.

Wikipedia (2017) also narrates that the Obudu
plateau is 1500M (4921ft) above sea level and is
located at 6.6694°N and 9.1622°E. Obudu
Plateau is home to Obudu Cattle Ranch
Mountain Resort and Obudu Ranch International
Mountain Race, as well as Obudu Dam. The
inhabitants are Bette, Utugwang, Alege, Uakpe
and Ubano. It is known for its tourism activities.

According to Wikipedia (2017), Jos plateau is
located at 9.8966°N and 8.8583°E, 1280M
(4200ft) above sea level. It is one of the world’s
largest suppliers of tin and the world's largest
deposit of Columbite, it has Basaltic flow around
Panyan, Vom, Miango and Crates Lake. The
highest point on Jos plateau is Mount Shere in
Wati hills near Jos which is 5823ft above sea
level. It is home to Jos Zoo, the international
airport, University of Jos, factories and
industries. The major inhabitants are Berom,
Jarawa, Anaguta and Afizere, who are mostly
crop and livestock farmers as well as farmers.
Likewise, it is a tourist haven.

According to the National Population Census
(2006), the selected plateaus have the following
populations: Mambilla plateau 200000, Jos
plateau 729300 and Obudu plateau 215800,
giving a total population of 1,145,100 on the
three plateaus.

DATA ANALYSIS AND RESULTS

The 648 questionnaires retrieved were collated,
and data were presented in Tables 1-5. After a
simple percentage analysis, the following range
was adopted:

70-100% represent very noticeable of climate
change impacts, 55-59% as slightly noticeable of
climate change impacts, and 0-54% is
interpreted as not noticeable of climate change
impacts. Below are the tables and results.
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TABLE 1.0: Challenges of climate change to the agricultural Sector

S/N ITEMS RESPONSES REMARK

MABILLA OBUDU JOS
PLATEAU PLATEAU PLATEAU

YES YES YES
1 Unpredictable and unstable periods of rain (%) (%) (%)
make Agrlf:ultural planning and 112 243 251 .
management difficult. Very noticeable
(100) (93.1) (93)
2 Increased risk of damage to a number of 63 243 224
crops
(56.3) (93.1) (83) Very noticeable
3 Reduction in crop yields due to rising 70 261 221
temperature.
(62.5) (100) (81.9) Very noticeable
4 Decreasing natural ground surface water 98 252 235
sources and availability.
(87.5) (96.6) (87) Very noticeable
5 Increasing food insecurity 67 230 222
(57.3) (88.1) (82.2) Very noticeable
6 Increased heat stress in livestock and 77 261 214
wildlife
(68.8) (100) (79.3) Very noticeable

There is widespread notice of a reduction in crop yields due to rising temperatures. This leads to
increasing food insecurity and heat stress even in livestock and wildlife.

TABLE 2.0: Challenges of climate change to the health Sector

S/N ITEMS RESPONSES REMARK
MABILLA OBUDU JOS
PLATEAU PLATEAU PLATEAU
YES YES YES
(%) (%) (%)
1 There is an increase in minimum 70 261 244
temperature (625) (100) (903) Very noticeable
2 There are fewer cold waves but greater 49 126 213
warm periods
(43.8) (48.2) (78.8) Very noticeable
3 There is a decrease in cold-related 63 171 195
morbidity and mortality
(56.2) (65.5) (72.2) Very noticeable
4 The poor citizens with the least resources 105 243 233
have the least ability to adapt.
(93.8) 93.1) (86.3) Very noticeable
5 There is a need for improved management 91 261 256
of environmental risks.
(81.3) (100) (94.8) Very noticeable
6 There Is an increasing number of people 84 225 221
exposed to vector and waterborne diseases
due to worsening sanitation practices
(75) (86.2) (81.9) Very noticeable
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A decrease in cold-related morbidity and mortality is widely noticed. Increasing exposure to vector
and waterborne diseases due to worsening sanitation practices.

TABLE 3.0: Challenges of climate change to rural and urban dwellers

S/N  ITEMS RESPONSES REMARK
MABILLA OBUDU JOS
PLATEAU PLATEAU PLATEAU
YES YES YES
(%) (%) (%)
1 There is an increasing risk of flooding in 91 81 210
human settlements and farms (81.3) 31 (77.8) Very
noticeable
2 People without the necessary infrastructure 98 207 230
and resources are vulnerable to climate
change.
(87.5) (79.3) (85.2) Very
noticeable
3 Emergence of strong destructive winds 80 165 202
(71.4) (63.2) (74.8) Very
noticeable

Rising flooding risk to farms and settlements and the emergence of strong destructive winds is widely

noticed.

TABLE 4.0: Challenges of climate change to education, science and technology

S/N  ITEMS RESPONSES REMARK
MABILLA OBUDU JOS
PLATEAU PLATEAU PLATEAU
YES YES YES
(%) (%) (%)
70 153 259
1 There is an increasing energy demand (62.5) (58.6) (95.9) Slightly
noticeable
2 There is increasing demand for electrical 77 171 237
cooling equipment amidst low energy
supply
(68.8) (65.5) (87.8) Slightly
noticeable
3 Most hydroelectric dams have low water 84 261 245
in dry seasons
(75.0) (100) (90.7) Very noticeable
4 The lack of appropriate technology makes 105 198 211
adaptation and sustainability herculean to
the populace.
(93.8) (75.9) (78.1) Very noticeable
5 Citizens without the necessary education 91.0 207 236
and information management technologies
are vulnerable to climate change.
(81.3) (79.3) (87.4) Very noticeable

Uneducated and non-ICT-compliant citizens are vulnerable to climate change.

Tropical Journal of Agricultural Research Volume 6 Number 1 (2025) ISSN 2636-6232 12



TABLE 5.0: Challenges of Climate Change to Policy and Lawmakers

S/N ITEMS RESPONSES REMARK

MABILLA  OBUDU JOS
PLATEAU PLATEAU  PLATEAU

YES YES YES
(%) (%) (%)
1 There is a need to make policies that 7( 117 241
lessen the pressure on natural resources  (62.5) (44.8) (55.2) Slightly noticeable
2 There is a need to improve the welfare 84 198 224
of poor members of society
(75.0) (75.9) (83.0) Very noticeable

There is a need for policies that reduce dependence on natural resources and improve the welfare of
poor citizens
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Fig. 1.0: Observed Average Annual Mean — Temperature of Nigeria for 1901 - 2021
Source: Nigerian Meteorological Agency (NIMET), (2021)
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Fig. 2.0: Annual Max. Temp. Of Mambilla Plateau from 1981 — 2019
The temperature difference from 1981 to 2019 is 2.0°C
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Source: Oruonye, E.D and Ngamdo, M.B (2022)
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Fig. 3.0: Mean Annual Temperature Over Jos from 1980 — 2010
The temperature difference from 1980 to 2010 is 1.0°C
Source: Plateau State’s Meteorological Data, (2023)
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Fig. 4.0: Mean Annual Temperature over Obudu from 1993- 2011
The temperature difference between 1993 and 2011 is 2.0°C

The overall temperature difference for the three plateaus is 2.0°C
Source: Wikipedia (2024c¢)
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DISCUSSION OF RESULTS

Irregular rainfalls make agricultural planning
and management by crop and livestock farmers
difficult. This is in consonant with Kurtzman
(2009).  There are  decreasing  natural
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groundwater sources. Food and Agricultura
Organization F.A.O (2009) identified that Lake
Chad has shrunk by 90%. The study areas also
witnessed increasing damage to many crops.
FAO (2019) warn that over-dependence on rain-
fed agriculture could destroy 50% of crop yields.
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Ozone, one of the gases, that cause climate
change lowers crop yield by damaging plant
cells and interfering with the production of
chlorophyll Wallack and Ramanathan (2009).
Due to the 2.0°C rise in temperature, there is
increased heat stress in humans, livestock and
wildlife due to deteriorating energy utilization
which led to deteriorating strength and health
says Makude, G, et al (2022). The 2.0°C rise in
temperature has also caused an increasing risk of
flooding. Nnodium (2021) reports that the
Nigeria flood claimed hundreds of lives,
thousands were rendered homeless and billions
of naira property were lost in 2012.

People without necessary infrastructure and
resources are vulnerable to climate change
effects Bahaijoub (2009) points out that climate
change threats will hit the poor hardest.

Citizens without the necessary education and
information = management techniques are
vulnerable to disastrous climate change impacts.
Bahaijoub (2009) declares that climate change
crises like global warming fresh water shortages
to desertification...require natural solutions,
responsible behaviours and civic education to
care for and preserve a clean and healthy
environment. Citizens are expressing increasing
demand for electricity and fuel supply; including
cooling equipment due to rising temperatures.
There is a need to improve the welfare of the
poor to enable them to mitigate the effects of
climate change. Conflicts over resources are
more severe due to climate change. Therefore,
law and policymakers should provide laws and
policies that will protect the poor. Bahaijoub
(2009) advises of an urgent need to adopt
effective policies to usher in a new age of 21
century civilisation to combat the impact of
climate change.

CONCLUSION

In conclusion, Federal, state and Local
Governments and their Agencies, as well as the

international community, should train and
transform rural citizens from wood fuel
processors, users and sellers to biofuel

producers, users and dealers. Other natural
resource dependence should be trained on
natural (eco) system renewal practices for
sustainable development and utilisation of

natural resources like soil, rivers (water), energy,
forest, air etc. Bahaijoub (2009) FAO (2010) and
Laing in Ezeobi (2021). Conversion of fossil
fuel waste to wealth. For instance, Carbon can
be used to produce graphite, graphemes, etc.
Carbon dioxide can be used to produce urea,
synthetic limestone etc, Pikington, B (2021). Gas
flaring by oil companies should be banned and
the gas should be converted for other economic
uses. Solar power stations, tools and equipment
should be installed and utilize

The proposed 3050 MW hydroelectric power
dam in Mambilla plateau, Taraba state, Nigeria
should be constructed and utilised urgently to
meet the yearnings of Nigerians. To combat food
insecurity caused by climate change, crop and
livestock farmers should adopt

I.  Fast yielding or maturing of crops and
livestock ii  Supplement rain-fed
practices with irrigation iii Use drought
and heat tolerant species.

A safe environment is ours to make. The
time to start is now. Act without delay.

REFERENCES

Arnold, G. (2009). Global warming: The problems,
climate change... Crunch time? North-South:
International Current Affairs Magazine for
News and Views to Bridge the Global Divide,
(3)12, 16—17. http://www.northsouthmag.com

Baihaijob, A. (2009). Editorial. North-South:
International Current Affairs Magazine for
News and Views to Bridge the Global Divide,
(3)12, 2. http://www.northsouthmag.com

Chaplin, J. (2008). Nigeria’s gas is to last 100 years.
Nigerian Compass, 1(177), 40.
http://www.compassnewspaper.com

Eze, N., & Ezeobi, C. (2021). Devastating floods
loom, NIHSA warns govt, citizens. The Punch,
45(22,422), 18. http://www.punchng.com

FAO. (2008). Climate change to deplete fisheries
production.  News  Stars, 2(31), 34.
http://www.newstarng.com

FAO. (2009a). Lake Chad could disappear in 20
years. North-South: International Current

Tropical Journal of Agricultural Research Volume 6 Number 1 (2025) ISSN 2636-6232 15



Affairs Magazine for News and Views to
Bridge the Global Divide, (3)12, 34.

http://www.northsouthmag.com

FAO. (2009b). The Guinea Savannah under farmed.
North-South: International Current Affairs
Magazine for News and Views to Bridge the
Global Divide, 312, 45.
http://www.northsouthmag.com

Guthrie, N. (2009). Water: A fundamental human
right. North-South: International Current
Affairs Magazine for News and Views to
Bridge the Global Divide, (3)12, 19.

http://www.northsouthmag.com

Ikeazor, S. (2022, in Oji, H.). Forest declined from
10% to less than 8%. Blueprint, (2,771), 21.
http://www.blueprint.ng

Intergovernmental Panel on Climate Change (IPCC),
& World Meteorological — Organization
(WMO). (1996 & 1999). In National
Academies of Sciences, Engineering, and
Medicine. (2021). Climate Reports.
https://nap.nationalacademies.org/

IPCC & WMO. (2024d). Climate change — Article
talk — Feature: Global temperatures. In
Wikipedia. https://en.m.wikipedia.org

Kurtzman, J. (2009). The low carbon diet: How the
market can curb climate countdown. Foreign
Affairs, 114-122.

http://www.foreignaffairs.com

Laing, C. (2021, in Ezeobi, C.). Re-imagining nature-
based solutions in Nigeria. ThisDay, 22(9461),
20. http://www.chrisdaylive.com

Makude, G., Chikumba, N., Svinurai, W., & Mhike,
X. (2022). Climate change: A real danger to
human and animal survival. IntechOpen.
https://www.intechopen.com/chapters/81203

NASA. (1979). World of change: Antarctic hole.
Earth Observatory.

https://www.nasa.gov/worldofchange

National Geographic Society. (2023). Plateau.

https://www.nationalgeographic.org

Oruonye, E. D., & Ngamdo, M. B. (2022). Potential
impact of climate variability on tea farming on
the Mambilla Plateau, Taraba State, Nigeria.
Journal of Ecology and Natural Resources,
6(1), 24-30. Midwind Publishers.

Osuala, E. C. (2001). Introduction to research
methodology (3rd ed.). African-FEP Publishers
Ltd.

Pilkington, B. (2021). Biomimetic carbon capture:
Using carbon dioxide to create a limestone
rock substitute.

Plateau State Government. (2024). Location and
climate of Plateau State.
https://www.plateaustate.gov.ng

United Nations Environment Programme (UNEP).
(2024). Chemistry contribution to stratospheric
ozone depletion after unprecedented water-rich
Hongar Tonga eruption. Ozo News, 24, 2.

Wallack, J. S., & Ramanathan, V. (2009). Climate
changes: Black carbon and ozone also matter.
Foreign Affairs, Climate Countdown, 105—
113. http://www.foreignaffairs.com

Wikipedia. (2024a). Mambilla people.
https://en.wikipedia.org
Wikipedia. (2024b). Geography of Nigeria.

https://en.wikipedia.org

Wikipedia. (2024c). Location and climate of Obudu
Plateau — Article Talk. https://en.wikipedia.org

Tropical Journal of Agricultural Research Volume 6 Number 1 (2025) ISSN 2636-6232 16



