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Abstract: Key climatic parameters in Rivers State, Nigeria, such as temperature, atmospheric vapour and rainfall
spanning a period of 30 years (1988-2018), were collected at the Nigerian Meteorological Agency (NIMET). The data
was statistically analysed with the aim of determining the impact of changing climatic parameters on the recently
observed flooding events in many of the communities. Results show that there has been a gradual increase in the amount
of rainfall with increasing temperature and decreasing atmospheric pressure within the period of study (1988-2018). The
studies noted that flooding of many communities in Rivers State and the destruction of their livelihood such as farm
lands and markets may have resulted from the increasingly deteriorating climatic parameters over the period of study.
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INTRODUCTION

Weather is often described as the present atmospheric condition of an area and may include such parameters as
rainfall, humidity, temperature, solar radiation, and wind speed; while climate is the mean weather for a given place or
region. Climate uses average weather parameters of an area to determine the conditions. That is, weather may change
from time to time but that may not necessarily result in climate change. Though both have similar parameters, climate
changes are not as readily noticeable. For instance, where there is a significant increase in temperature, this may affect
the level of cloudiness as well as the type and amount of precipitation, but may also, on the long run, affect the mean
climatic values for these parameters [1].

Another important term in this regard is the issue of climate variability which has to do with the climatic
elements of an area changing from its long-term average. Such climatic changes most often than not are not only credited
to the aforementioned natural variability, but also human activities. Variation in climate parameters is generally attributed
to natural causes. However, because of changes in the earth’s climate since the pre-industrial era, some of these changes
are now considered attributable to human activities [1].

The increase in surface temperature in the northern hemisphere during the twentieth century is considered
greater than for any century in the last 1000 years. Statistics show the global mean surface temperature increased by
0.6£0.2°C. The number of hot days in a year increased in many places and the number of cold days decreased in nearly
all land areas [2].

Enhanced greenhouse effect is considered the result of human activities that have increased atmospheric
concentrations of greenhouse gases and aerosols since the pre-industrial era. The atmospheric concentrations of key
greenhouse gases include carbon dioxide (CO2), methane (CH4), nitrous oxide (N20) and ozone (O3) [3].

In Nigeria and particularly Rivers State, the atmospheric concentrations of key greenhouse gases may have
reached their highest recorded levels in the 2000’s, primarily due to the combustion of fossil fuels in the form of illegal
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refineries scattered all along the creeks and improper land-use changes where building are erected even on reclaimed wet
lands and natural flood paths.

The entire nation of Nigeria and indeed Rivers State at the various geographical regions have experienced a lot
of climatic changes [4]. Flooding in urban areas in Rivers State is not only as a result of heavy rainfall and extreme
climatic events but also on a number of other factors such as changes in the built-up areas themselves. The city of Port
Harcourt, particularly, has experienced a lot of changes which is evidenced in a previous paper by Ayotamuno and Ekaka
[5]. The built up areas, due to urbanization, comes with a lot of challenges in relation to movement of flood waters. For
instance, natural flow of floodwaters are diverted or slowed down by roads and pavements, thus obstructing natural
channels. This problem would have been resolved by building drains that ensure that water moves to rivers more rapidly
than it did under natural conditions. Large-scale urbanization and population increases have led to large numbers of
people, especially the poor, settling and living in floodplains in and around urban areas.

In a previous paper by Ayotamuno & Gobo [6] on the present state of land use and land cover in Port Harcourt
and how it has been affected by climatic elements, they observed that there have been climatic deviations in rainfall and
temperature values and very obvious changes in the spatial pattern of land use and land cover between 1984 to 2014.
They noted that Built-Up areas showed an increase from 16.50% in 1984 to 51.38% in 2014; and that a lot of
development has taken place using up most of the Gallery Forest, Vegetation area and the Water Bodies. Development
of Built-Up area needs to be controlled so that all of the vegetation is not used up because the city needs some vegetation
to allow the city breath.

It is important to also recall that in an earlier research has been carried out by [7], Diobu GRA Phase Il in Port
Harcourt, over time changed gradually from a low density to a high density area, and indeed from a quiet residential area
to an area with a high concentration of road traffic and commercial enterprises, ranging from banks, offices,
supermarkets, hotels and fast-food enterprises. Over the years, due to a lack of enforcement of the building regulations,
additional houses or house extensions were built, leaving little or no open space. Today, most compounds and plots have
no service space and no gardens. This densification and loss of open space is also evident in many other neighbourhoods.

The clear message emerging thus far is that urban flooding is becoming an increasingly severe and more
frequent problem for the urban dwellers due to local human factors such as urban growth, the occupation of floodplains
and the lack of attention to waste management and negligence by those concerned in the construction and maintenance of
drainage channels which are also aggravating the flooding problem. Particularly problematic is the unwillingness of
government at all levels to engage in the provision of integrated drainage systems in informal settlements, which are
often regarded as being outside accepted urban regulation and planning systems. This study therefore wish to examine
changes in key climatic parameters that may have impacted on flooding in Rivers State given the many other lingering
environmental management problems over the years. The objectives of study are:

@ To study some key climatic parameters in Rivers State in the last 30yrs.

2 Ascertain if there have been changes in the climatic elements and the factors that led to them during the period
of study.

3) To examine the challenges caused by the climatic changes and the effect on the urban environment, including
flooding.

The Study Area and Weather Data Collection

Rivers State is one of the 36 states of Nigeria. According to census data released in 2006, the state has a
population of 5,198,716, making it the sixth-most populous state in the country. The study area lies within the Niger
Delta which features tropical monsoon with two distinct seasons; the rainy season which is usually lengthy and heavy
and the dry season which is normally very short. Only the months of December and January truly qualify as the dry
season months. In Port-Harcourt, there is a well-defined pattern of the monthly rainfall, described as bimodal. The
harmattan which climatically influences many cities in West Africa is less pronounced in the study area. Temperatures
throughout the year in the city are relatively constant, showing little variation throughout the course of the year [8].

Rainfall is adequate for all year-round crop production in the State. The duration of the wet season is not less
than 330 days, of which a great number is rainy days (days with 250 mm or more of rain). For Port Harcourt, the rainy
days are about 182. Mean maximum monthly temperatures range from 28°C to 33°C, while the mean minimum monthly
temperatures are in the range of 17°C to 24°C.

The mean monthly temperature is in the range of 25°C to 28°C. The mean annual temperature for the State is
26°C. The hottest months are February to May. The difference between the dry season and wet season temperatures is
only about 2°C. Relative humidity is high in the State throughout the year and decreases slightly in the dry season.
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The character of Rivers State relief, drainage and geology poses much problem to resource exploitation and
economic development. Other ecological problems include severe beach erosion associated with sea level rise due to
global climatic change; annual inundation by river floods; salty soils especially in the dry season; too much leaching of
soil fertility due to excessive rainfall; and susceptibility of settle merit sites along the creeks to creek erosion.
Aisuebeogun [9].

Weather data, particularly Atmospheric pressure, temperature, humidity, sunshine hours, etc, in the last 30year
(1988-2018) was collected from the Nigerian Meteorological Agency [10]. These were statistically analysed with
information obtained from in-depth desk top literature studies. These were corroborated with photographs taken in recent
flooded neighbourhoods across Port Harcourt.

Results of some key climatic parameters in Rivers State
Below are some graphs and pictures of various parts of the Rivers State affected by flooding and climate
change.

In Table 1, the yearly minimum mean temperature was 27.6°C in 1992 and maximum temperature was 36.4°C in
2006, a period spanning 14 years. There appears to be a similar temperature reading in all the years with exception of
years 2007, 2010 and 2014 (32.0, 32.0, and 32.1-Degree Celsius).

Table-1a: Descriptive Statistics for Yearly Temperature

Parameters 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000

Mean 31.3 | 31.3| 31.3| 310| 31.2| 314 | 31.3| 316 | 31.3| 31.3| 31.9| 31.0| 315

Standard Error 0.5 0.6 0.7 0.4 0.6 0.5 0.6 0.5 0.5 0.5 0.6 0.4 0.6

Median 314 | 315| 31.3| 31.3| 31.7| 320 | 320 | 31.7| 321 | 310| 315 | 313 | 31.7

Standard Deviation 1.9 1.9 2.3 14 2.2 1.8 2.1 1.9 1.8 1.8 2.2 1.4 2.0

Sample Variance 3.6 3.8 5.4 2.0 5.0 3.2 4.2 3.5 3.4 3.4 4.8 1.9 3.8

Kurtosis -12| 03| 01} -11| -1.1| 09| -1.1| 09| -1.2 03| -10] -16| -11

Skewness 0.1 0.2 04| -04| 02| -04] -05 02| -0.6 0.5 04| -03 0.1

Range 5.7 6.5 7.8 4.2 6.8 5.6 6.0 6.1 5.4 6.5 6.1 3.8 5.8

Minimum 289 | 28,6 | 279 | 286 | 276 | 285 | 279 | 289 | 28.1 | 286 | 29.3 | 28.8 | 28.8

Maximum 346 | 351 | 358 | 329 | 344 | 341| 339 | 350| 335 | 351 | 354 | 327 | 345
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But in Table 2 the maximum monthly temperature was 36.4°C in the month of February while the minimum
temperature was 27.6 °C in the month of August. Also, in Table 2, it would be observed that the mean temperatures for
the month of January, March and April (33.1,33.3,32.5-Degree Celsius) are about the same except for the months of
August, September and July which for obvious reasons recorded lower temperature trends (28.9,29.1,29.7-Degree

Celsius).
Table-2: Descriptive Statistics for monthly temperature (1988-2018)

Parameters Jan Feb March | April | May | June | July | Aug Sept Oct Nov Dec
Mean 33.1 34.2 333 | 325| 318 | 304 | 291 | 289 | 29.7| 306 | 320 32.7
Standard Error 0.1 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2
Median 32.9 341 331 ] 325| 319| 303| 291 | 289 | 29.7| 30.7| 320 32.7
Mode 32.8 341 327 ] 331 | 316 | 306 | 289 | 286 | 294 | 301 | 320 321
Standard

Deviation 0.7 0.9 0.9 0.8 0.6 0.7 0.5 0.6 0.6 0.6 0.6 0.9
Sample Variance 0.6 0.9 0.8 0.7 0.4 0.5 0.3 0.3 0.3 0.4 0.4 0.9
Kurtosis 0.6 0.0 0.9 8.8 8.3 8.8 -0.2 -0.2 -0.6 1.0 -0.8 -0.5
Skewness 0.8 0.2 1.2 -2.0 -2.0 2.3 -0.3 -0.2 0.3 0.4 0.0 -0.1
Range 3.1 4.0 3.6 4.9 3.8 3.9 1.9 2.3 2.1 3.0 2.3 3.7
Minimum 317 32.3 32.2 29.2 29.2 29.3 27.9 27.6 28.8 29.4 30.8 30.7
Maximum 34.9 36.4 358 | 341 | 330 | 332 | 299 | 299 | 309 | 323 | 332 34.4

Furthermore, in Figure 1 the total least yearly minimum temperatures recorded was 237.9°C in 2001, while the
highest yearly temperature was 277.6°C in 2010. In other words, within a time period of 9 years temperature fluctuations
around Port Harcourt was as much as 40° C. The fact remains that the temperatures around Rivers State axis has been on
an incremental trend in the last 10 years or more, not least because of the excessive anthropogenic activities, including

artisanal refineries and gas flaring, that may have greatly depleted the ozone layer projected into the space.
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Fig-1: Bar Chart of the Various Years as well as the Monthly Min Temperature from 1988 — 2018

Data from NIMET (Fig. 2), showed that from 1988-2018 the highest atmospheric pressure was 11.6hPa in 1992
while the lowest was 10.4hPa in 2008. In order words for about 16 years the atmospheric pressure has been on the
decline. But from 2008-2018, it only slightly increased from 10.8hP to 10.9hP, a margin of just 0.1hP in about 10years.
The decreasing atmospheric pressure may be due to a number of factors including increasing temperature and excessively

building of the environment over the years.
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METEOROLOGICAL DATA

ATMOSPHRIC PRESSURE IN RIVERS STATE
YEAR 1988 - 2018

1.7

1.4
1.3
11.2—

11—
11.0

10.9
10.8—
10.7—
10.6—

PRESSURE (hPa)

10.5
10,4
10.3—
10.2—
10—
10.0

MEAN OF o
READINGS | =

0.9

14
1.5
109
08|
106
10.7
1w
106
10.7
12
1.2
1.1
1.0
109
1.2
10.4
108
106
105
105
106
107
106
108
106
1

2003
2004
2005
2006
2007
2008
2009
00
20
02
203
2014
s
2016
2007
2018

1968
989
1990
1891
1992
1993
1994
1995
996
1997
1998
1999
2000
2001
2002

YEARS

Fig-2: Yearly Atmospheric Temperature in Rivers State from 1988 - 2018

Within the period of review (1988-2018), the highest yearly rainfall happened in 2007 (2790mm), and the least
in 2011 (1749.2mm) as seen in (Figs. 3 and 4). Also, the highest monthly was 578.1mm in August in 1990 and the least
was 2.4mm in January in 2008. But the highest average rainfall, 349.20mm, within the 30-year period of study, was in

the month of September.
On the whole, there has been a gradual increase in the amount of rainfall with increasing temperature and
decreasing atmospheric pressure within the period of study (1988-2018).

RIVERS STATE RAINFALL DATA FROM 1988-2018
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Fig-3: Bar Chart showing the various years as well as the monthly Rainfall from 1988 — 2018

AVERAGE RAINFALL FROM 1988-2018 IN PORTHARCOURT
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Fig-4: Average Monthly Rainfall from 1988 - 2018
29

Journal Homepage: www.sarpublication.com/sarjbab

© South Asian Research Publication, Bangladesh



Augusta Ayotamuno; South Asian Res J Bio Appl Biosci; Vol-2, Iss- 3 (May-June, 2020): 25-32

Challenges of Climate Change in Rivers State

The consequences of this climate inconsistency and change in Rivers State has posed severe hardship to the
lives of the masses and their livelihoods as well as to the state’s socioeconomic development. Particularly, climate
change resulting from possible increasing temperature, as the years go by, may have resulted in the current heavy
precipitation events being observed in Rivers State. But heavy rainfall does not automatically result to floods, but it
increases the potential for them. And even moderate amounts of rainfall can cause serious damage, particularly in places
like Rivers State where urban flooding is on the rise.

Flooding also brings contamination and disease. Floodwaters have been observed to cause raw sewage, leaked
toxic chemicals, and runoff from hazardous waste sites and factory farms, many of which are located around the Trans-
amadi industrial area of Port Harcourt. They pollute drinking water supplies and cause eye, ear, skin, and gastrointestinal
infections. When floodwaters recede, bacteria and mold may remain, increasing rates of respiratory illnesses, such as
asthma. Flooding has contributed to the virtual uproot of whole communities in some suburbs resided by the very poor
and low income earners in Rivers State.

There is no doubt that the recent floods in Rivers State are climate related and are expected to increase in
frequency and intensity in the long-run. During such times which comes with heavy wind storms, roofs of buildings are
removed, roads are submerged with water, thus totally impeding human and vehicular movement (see Figs 5, 6, 7, 8, 9.).
Sometimes children on the path of the flood may be drowned and vehicles and small buildings on its path of flow
damaged.

Farm land are also affected with crops completely submerged resulting in very little or no yield at all. This
situation, most often than not, leads to poor crop harvest, food shortage and indeed starvation. Flooding in Rivers State
also affects infrastructure including roads, bridges and pipelines, as well as electricity and telephone lines. These
structures are in the process weakened and sometimes fall to the ground during heavier rainfall and windy storms; and
thus, impacting on the social, economic and commercial activities of the affected communities and indeed Rivers State.

The climatic change in Rivers State which may have resulted from increasing temperature over the years may
have increased the number of mosquitoes and certainly malaria diseases in the affected communities. As the temperatures
continue to increase in the coming years development time of pathogens in vectors will reduce and this will increase the
potential transmission to humans. Below are pictures of flooded neighbor hoods in Rivers State.

7T

Fig-5: Flooded Neighbourhood in Eneka Obio -Akpor, 219
Source: Author’s Field Work
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Fig-6: Flooded Neighbourhood in Port Harcourt, 2019
Source: Author’s Field Work

Fig-7: Flooded Neighbourhood in Eneka Obio -Akpor, 2019

¥ ~ . -

Fig-8 Flooded Neighbourhood Market Junction Ru
Source: Author’s Field Work

Source: Author’s Field Work
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Fig-9: Flooded Neighbourhood at Mile 3 Diobu in Port Harcourt, 2019
Source: Author’s Field Work

CONCLUSION

Changes in key climatic parameters such as temperature, atmospheric pressure and rainfall in the last 30 years

(1988-2018) may have resulted in the increasing heavy flooding recently experienced in many communities in Rivers
State, Nigeria. The flooding causes roads and even farm land to be submerged under water, thus impeding movement,
both human and vehicular, and destroying agriculture. Infrastructure including roads, bridges, water supply, electricity
and telephone lines are negatively impacted. The risk of flooding is more pronounced in poor and low-income
communities as a result of little investment in housing and infrastructure by successive governments in Rivers State over

the years.
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