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Abstract 
This study examined the impacts of climate variability on influent streams in Kwa Iboe River 

Basin of south-east Nigeria. It covered the Ibom Sub-Basin of Kwa Iboe River Basin, where 
the sampling fraction concept was employed to select three streams for the study.  Random 

sampling technique was employed in administering 288 copies of structured questionnaire to 

households in the sample communities. Hypothesis was formulated and tested using Climate 
elasticity of streamflow index. The study revealed changes in the Stream order, bifurcation 

ratio, basin size, basin length, lemniscate’s factor and form factor of the basin between 1989 

and 2019. Stream number dropped from 32 to 30 between 1989 and 2019. The research 
revealed that annual mean temperature and precipitation has changed over the period. 

Annual mean temperature dropped between 1989 and 2019. Annual mean precipitation also 
increased between 2010 and 2019. It also showed that the amount of runoff is highly sensitive 

to changes in climate. Implementation of water use efficiency, mainstreaming climate change 

adaptation, sharing knowledge on climate and planned dredging of streams are 
recommendations for adaptive management of streams. 
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1. Introduction 

Climate variability, primarily the result of the widespread use of fossil fuels, 

represents the greatest environmental threat to humanity. According to IPCC (2014), 

climate change is seen as a statistically significant variation in the mean state of the 

climate or in its variability persisting over an extended period, typically decades or 

longer. The changes could be seen with respect to a significant change in perceived 

temperature of the region, the amount of rainfall experienced in the region, duration of 

exposure of the ground to sunlight etc. Climate change may be due to natural internal 

processes, natural external fossils, or persistent anthropogenic induced changes in 

 

 

 

International 

Journal of 

Social Sciences 



Paul, F. 

66 

 

atmospheric composition or land use. The change may occur over periods ranging from 

decades to millennia (Abiodun, Salami and Tadross, 2011; Ekanem, 2010). Many studies 

have suggested that future climate change will involve greater extremes of weather, 

including more high-intensity rainfall events (IPCC, 2014). This is likely to lead to an 

increase in flooding and other hydrological alterations, particularly while a channel 

adjusts to the differing flow regime. 

Impacts of climate change are broadly classified into environmental, agricultural, 

economic, health and other socio-economic according to United Nations Framework 

Convention on Climate Change (UNCCC, 2003). The key socio-economic sectors that are 

most likely to be impacted by climate change are well-being, land-use change, forestry, 

energy, flora and fauna. According to the 4th assessment report of the Intergovernmental 

Panel on Climate Change, Africa is likely to become warmer than the rest of the earth 

with an increase in average surface temperature of about 3.40c by the end of the 21st 

century relative to the period between 1980  and 1990 (IPCC, 2014). As a result of the 

above, it is imperative to study, analyze and understand the impacts of this climate related 

changes on our hydrological cycle.  

According to Vorosmarty et al., 2010, Streams cover about 0.8% of the Earth's 

surface, but deliver many critical goods and services to human beings. The world's 

available water supply from streams is also distributed unevenly around the globe due to 

the facts that some streams are disappearing (Dudgeon et al., 2005 and Malmqvist and 

Rundle, 2001). According to William (1988), streams which intermittently cease to flow 

and run dry are representative of the world's river systems than those with perennial 

flows. These temporary streams are a truly global phenomenon (Larned, Darty, Arscott, 

and Tockner, 2010). Their spatial and temporal extent is likely to further increase 

resulting from the combined effects of altered land use pattern, climate change and 

increased water extraction for human uses (Meehl, Stocker and Collins, 2007; Palmer, 

Reidy-Liermann and Nilsson, 2008). 

Influents streams are stream that reduce in width and breadth as it flows along 

river course. There are streams that decrease in size over time. There are popularly 

described as disappearing streams.  

Dry streambeds are defined as the channels of temporary streams during the dry 

phase that can be exposed during periods of drought. They are habitats in their own right 

and differ from adjacent riparian and other terrestrial habitats in their substrate 

composition, topography, microclimate, vegetation cover, inundation frequency, and biota 

(Steward, Marshall and Sheldon, 2011). Disappearing or dry streambeds are subject to 

flow disturbances that mobilize, deposit, and scour bed sediment. A temporary streambed 

can be dry for much of the time and may only be aquatic for a brief period after a flood or 

a period of heavy rainfall (Datry, Arscott and Sabater, 2011). They can also be exposed to 

intense solar radiation, wind and extreme temperatures (Steward, Marshall and Sheldon, 

2011). Dry streambeds may be devoid of vegetation. Although often linked with negative 

connotations, dry riverbeds are associated with a range of important societal and 

ecological values. Unfortunately, dry streambeds have been largely ignored by aquatic 

and terrestrial ecologists, probably because they are perceived regions; they can be where 
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the greatest diversity and density of vegetation is found to be outside the domain of their 

respective disciplines. 

Several studies have investigated the impacts of climate change on the hydrology 

of a watershed. Hubbard and Hotchkiss (1997) used RegCM (Giorgi et al. 1993) to assess 

the impacts of climate change on water resources in the Missouri River Basin. They found 

a dramatic increase in water yield (100 percent or more) for the northern region of the 

basin while the southern region decreased up to 80 percent. Lettenmaier et al. (1999), in 

their study of six North American watersheds of various sizes representing a variety of 

physiographic and geographic conditions, used the output from three transient GCMs and 

one equilibrium (double carbon dioxide) GCM to evaluate the potential effects of climate 

change. They found that the water yield decreased by 6, 24, and 34 percent for the 

transient climate scenarios and increased by 2 percent for the 2×CO2 scenario. They also 

suggested that altered precipitation causes generally higher correlation with runoff 

changes than do temperature changes.  

Numerous studies have documented the sensitivity of streamflow to climate 

changes for basins across the world (Fu et al., 2007; Chiew, 2006; Arnell, 2002; 

Sankarasubramanian et al., 2001; McCarthy et al., 2001; Yates and Strzepek, 1998; Fu 

and Liu, 1991). Most of these studies involves estimating the precipitation elasticity of 

streamflow, which was introduced by Schaake (1990) for evaluating the sensitivity of 

streamflow to changes in climate. Dooge et al. (1999) termed it a sensitivity factor and 

Kuhnel et al. (1991) termed it a magnification factor. Fu, Charles and Chen (2007) 

extended the single parametre precipitation elasticity of streamflow index into a two 

parametre climate elasticity index, as a function of both precipitation and temperature, in 

order to assess climatic effects on annual streamflow. Application of the proposed index 

to two basins indicates that the single parameter precipitation elasticity index may give a 

general relationship between precipitation and streamflow in some cases, but that it 

cannot reflect the complicated non-linear relationship among streamflow, precipitation 

and temperature. The study revealed that, for the Spokane River basin the climate 

elasticity of streamflow index varies from 2.4 to 0.2, for a precipitation increase of 20%, 

as temperature varies from 1C lower to 1.8C higher than the long term mean. Thus a 20% 

precipitation increase may result in a streamflow increase of 48% if the temperature is 1C 

lower but only a 4% increase if the temperature is 1.8C higher than the long-term mean. 

Bawden et. al. (2014) studied the spatiotemporal analysis of hydrological trends 

and variability in the Athabasca Lake region, using morphometric analysis. The results 

revealed that 22% of the total rivers are disappearing in the study area, with additional 

38% shrinking at an alarming rate. Chen et. al. (2011) conducted a study of the 

hydrological impacts of climate change for a Canadian Watershed. Results from the study 

demonstrate that climate change has contributed to the increase of shrinking and 

disappearance of streams in the watershed by 46%. The study also noted that water 

shortage will be less a problem than increases in runoff, flooding, or sea level rise; as 

shrinking stream at a watershed, increases the amount of water in another watershed. 

While Udofia and Udofia (2018) conducted a morphometric analysis of disappearing 

streams and its implications for water resources utilization and management in middle 
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Enyong Basin and showed the disappearance of 5 streams in the Ibom sub-basin, 

Kwabena (2013) studied the impact of climate change on streamflow in selected river 

basins in Ghana using Soil and Water Assessment Tool (SWAT) model. His results 

showed a decrease of 22% and 50% for estimated streamflow of White Volta basin for 

2020s and 2050s respectively, as well as a decrease of 22% and 46% of estimated 

streamflow of the Pra basin for 2020s and 2050s respectively. These results underscore 

the need to put in place appropriate adaptive measures to foster resilience to climate 

change in order to enhance water security within the two basins. Berhane (2011) assessed 

the potential impacts of climate change on the flow of the main headwaters of the Nile 

River: Equatorial Lakes Region and Blue Nile Basins using the SWAT model. Result 

from the study demonstrates that the hydrology of the basin is very sensitive to climate 

change with 104%, 33% and 77% of the baseline increase to the surface runoff, lateral 

flow and water yield. Similarly, Park et. al. (2011) assessed the future of climate change 

impacts on water quantity and quality for a mountainous dam watershed in South Korea 

using SWAT. The impacts of projected future climate change scenarios on the 

evapotranspiration, groundwater recharge, and streamflow were increases of +23.1%, 

+28.1%, and +39.8%, respectively.  

Vogel et al. (1999) used a regional multivariate regression model to document 

that a 10% increase in precipitation leads, on average, to a 19% increase in annual 

streamflow for the entire upper Colorado River system, of which the Animas River is 

only a small subbasin. Treating the entire upper Colorado River as a single basin, Revelle 

and Waggoner (1983) report an at-site multivariate regression relationship among 

streamflow, precipitation and temperature such that a 10% increase in annual precipitation 

leads to an 11% increase in streamflow. 

Manoj-Jha, Richard and Steve (2003) evaluate the impact of climate change on 

stream flow in the Upper Mississippi River Basin (UMRB) by using a regional climate 

model (RCM) coupled with a hydrologic model, the Soil and Water Assessment Tool 

(SWAT). The SWAT model was calibrated and validated against measured stream flow 

data using observed weather data and inputs from the Environmental Protection Agency’s 

BASINS (Better Assessment Science Integrating Point and Nonpoint Sources) 

geographical information/database system. The combined performance of the SWAT and 

RCM was examined using observed weather data as a lateral boundary condition in the 

RCM. The SWAT and RCM were found to perform well, especially on an annual basis. 

The potential impacts of climate change on water yield and other hydrologic budget 

components were then quantified by driving SWAT with current and future climates. A 

21 percent increase in future precipitation simulated by the RCM produced an 18 percent 

increase in snowfall, a 51 percent increase in surface runoff, and a 43 percent increase in 

groundwater recharge, resulting in a 50 percent net increase in total water yield in the 

UMRB on an annual basis. Uncertainty analysis showed that the simulated change in 

stream flow substantially exceeded model biases of the combined modeling system (with 

the largest bias being 18 percent), giving us relatively high confidence in the results.  

A major study of 900 rivers published in the American Meteorological Society's 

(AMS) Journal of Climate in 2009 concluded that flows into the oceans have decreased 
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significantly over the last 50 years, with that trend predicted to continue (Gracia, 2008). 

According to global-scale projections, hydrological variability will not change uniformly 

across the globe. For example, it is predicted that 30-year floods will occur more 

frequently over 50% of the globe (Dankers et al., 2014) and that increased hydrological 

droughts will occur over 40% of the analyzed land area (Prudhomme et al., 2014). In 

addition to the effects of catchment properties, the spatial variations of hydrological 

variability changes are determined by climate related changes. For example, drought 

increase is generally located where precipitation decreases; however, drought can still 

increase in some areas with increased precipitation if stronger evaporation is driven by 

temperature increase (Prudhomme et al., 2014). Thus, the mechanisms by which climate 

variability influences hydrological variability should be analyzed. 

 

2. Objectives of the Study  

The aim of this research was to assess the impacts of climate related variations on 

influent streams in Kwa Iboe River Basin, with the following specific objectives: 

i. To examine the contributions of precipitation and temperature to the 

shrinking/disappearance of streams in the drainage basin 

ii. examine the sensitivity of runoff to changes in climatic variables in the drainage 

basin 

iii. analyze the impacts of Climate Variability on Influent Streams in the drainage 

basin 

 

3.   The Study Area 

The Kwa Iboe River has developed into a sizeable basin; its catchment area 

occupies the entire western and central parts of Abia State and a unification of elongated 

segment of Akwa Ibom State down the south. The relief pattern consists of low lying 

plain and riverine environments with no portion rising above 175 meters above sea level 

(Usoro, 2010). It is important to acknowledge that the Abia State segment of Kwa Iboe 

River covers four LGAs of Isuikwuato, Umuahia North, Umuahia South and Ikwuano 

while the Akwa Ibom State segment covers up to 13 LGAs including Obot Akara, Ikot 

Ekpene, Essien Udim,Etim Ekpo, Ukanafun, Oruk Anam, Etinan, Nsit Ubium, Nsit Ibom, 

Onna, Eket and Ibeno LGAs. Kwa Iboe River flows in the south eastern direction towards 

the Atlantic Ocean and traverses over 100 communities covering four (5) and thirteen (13) 

LGAs of Abia and Akwa Ibom States respectively. The water flows through Umuahia 

North and Umuahia South Local Government Areas and dissects the landscape as it 

cascades through Ikwuano LGA and enters into Akwa Ibom State at Usaka community in 

Obot Akara LGA. Usaka community is located on latitude 05017’ 31.4 and longitude 

007033 08.3 and on an elevation of about 65 meters above mean sea level. 

Rainfall pattern within the catchment region is usually very high with annual 

average ranging from 2000mm to 3000mm (NIMET, 2018). Rainfall usually lasted for 

about 9-11 months on a yearly basis. The maximum possible insolation ranged from 800 

– 900day/1, while the maximum possible sunshine hours varied between 11 and 12 hours.  
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5. Materials and Methods  

In order to gather appropriate information from respondents, which will aid in 

analyzing the impacts of Climate variability on influent streams in Kwa Iboe River Basin, 

Survey Design was adopted.  

Data for this work were from primary and secondary source. Its primary data 

were obtained from the field specifically from structured questionnaire, direct observation 

and Participatory Rural Appraisal (PRA).  
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S/N DATA NATURE VARIABLES SOURCE 

1 Demographic 

characteristics of 

the respondents 

Primary Sex, Age, Marital 

status, Education, 

Family size, 

Occupation 

Structured Questionnaire 

2 Extent of influent 

streams in the 

drainage basin 

Secondary Stream length, 

Stream number, etc. 

Digital Elevation Model 

(DEM) of 1989-2018 

3 Climate Secondary Mean annual rainfall 

(P) and Mean 

annual temperatures 

(T). 

NIMET (2018), UNIUYO 

Metrological Station (2018), 

Ibom International Airport 

Metrological Station (2018) 

4 Streamflow Secondary Stream discharge 

and Stream flow 

Cross River Basin 

Development Authority 

(2018) 

Descriptive statistics technique was employed to reduce the mass of raw data to a 

point it can be easily understood, while an inferential statistics technique was employed to 

test the hypothesis set for this study. The hypothesis stated to guide the work was:   

HO: There is no significant effect of climate variability on influent streams in the drainage 

basin 

To test the hypothesis, the streamflow-precipitation-temperature relationship 

model using the ArcGIS Geostatistical Analyst Package was used to analyse the impact of 

climate variability on Influent Streams in the drainage basin. The streamflow-

precipitation-temperature relationship is converted into a climate elasticity of streamflow 

index:  

 
 

where:        is the temperature departure. 

The climate elasticity of streamflow index is a conditional precipitation elasticity 

of streamflow index accounting for the effects of temperature from temperature-

precipitation plane. As a function of precipitation and temperature, it can be used to assess 

the climatic effects of joint precipitation and temperature changes on hydrological 

regimes at basin scales. 

 

6.  Results and Discussion 

Table 1.1 Mean Annual Streamflow, Temperature and Precipitation 1989 - 2019 

Year  Mean streamflow (mm) Mean Precipitation (mm) Mean Temperature (°c) 

1989 2488 2247.79 26 

2019 2533 3172.80 30 

Source: CRBDA (2018), NIMET (2018), UNIUYO (2018), Ibom International Airport 

(2018) 

The long-term mean annual precipitation, streamflow and temperature are 2710 

mm (P), 2512 mm (Q), and 28°C (T), respectively. 

The annual percentage departure of streamflow, temperature and precipitation were 

calculated for the basin. Thus: 
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 = 17% 

 = 0.8% 

  = 2oc 

This showed that a 17% decrease in precipitation resulted in a 0.8% decrease in 

streamflow at a mean temperature, but a 1.6% decrease in streamflow if the temperature 

increased by 4.0oc. Hence, Streamflow was positively related to precipitation but 

negatively related to temperature, with the annual percentage departure of streamflow 

greater than the annual percentage departure of temperature. Thus, streamflow was more 

sensitive to temperature changes when precipitation increased. If the precipitation 

remained the same, the streamflow would not respond to temperature change within a 

+1oc range. However, a 2oc increase in temperature alone resulted in a streamflow 

decrease of 0.8%. 

Using the climate elasticity of streamflow index to compute the climate elasticity 

of streamflow for this scenario gave about 0.80.  

That is:                                

            
 

       0.80 

 

The Climate elasticity of streamflow index of 0.80 ~ 1 showed a complete joint 

contribution of the two independent variables X1 and X2 (Precipitation and Temperature) 

on the shrinking/disappearance of streams. Meaning that Climate elasticity of streamflow 

was dependent on precipitation and temperature changes. The effect of climate change on 

streamflow depended on regional precipitation and temperature change. It usually 

increased with temperature as precipitation decreased, and decreased with temperature as 

precipitation increased. 

 

Climate Variability on Influent Streams In the Drainage Basin 

Findings on climate variability impacts on influent streams revealed that annual 

mean temperature and precipitation has change over the period. Between 1989 and 1999 

the annual mean temperature was 28°c, but it has increased to 30°c between 2010 and 

2019 (NIMET, 2018). Annual mean Precipitation also changed from 2247.8 mm between 

1989 and 1999, to 3172.8 mm between 2010 and 2019 respectively. Number of rainy days 

has also decreased from 256 to 227 rainy days, but with higher intensity of rainfall. 

Climate variability impacts in the basin include increased temperature, higher intensity of 

rainfall (in the rainy season), drought, increased flooding and erosion. The study revealed 

that the amount of runoff is highly sensitive to changes in climate, even small changes in 

the amount of precipitation or in the temperature (affecting the amount of evaporation) 

can have a big influence on it. It was also revealed that changes in climate alter the 

suitability of a region for different species, and changes their competitiveness within an 

ecosystem so that even relatively small changes in the composition of the ecosystem. 
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The result of the hypothesis test showed that climate variability impacted 

significantly on influent streams. The results showed that climate elasticity of streamflow 

varied with temperature. It usually increases with temperature as precipitation decreases 

and decreases with temperature as precipitation increases. Increases in temperature always 

reduce streamflow for a fixed precipitation scenario; increases the climate elasticity of 

streamflow for decreasing precipitation and decrease the climate elasticity of streamflow 

for increasing precipitation scenario. This result meant that water availability in the basin 

was likely to be more critical in the future if current global warming projections are 

correct. The Intergovernmental Panel on Climate Change (IPCC) in its Fourth Assessment 

Report (IPCC,2007) stated that for the next two decades, a warming of about 0.2oc per 

decade is projected for a range of IPPC Special Report on Emission Scenario (SRES). 

Even if the concentration of all greenhouse gases and aerosol had been kept constant at 

year 2000, a further warming of about 0.1oc per decade would be expected. Furthermore, 

based on recent global model simulations, nearly all land areas will warm more rapidly 

than the global average, and warming is expected to be greatest over land for most high 

northern latitudes (IPCC, 2007). This will have serious consequences for urban water 

supply, agricultural, industry development, and ecological systems. 

 

7.   Conclusion and Recommendation 

Water resource planning and management increasingly need to incorporate the 

impacts of global climate variability in order to accurately predict its impacts on influent 

streams, as well as future water supplies. Findings demonstrated that steamflow is highly 

sensitive to changes in climate, especially increase in temperature. Further findings 

revealed that anthropogenic activities contribute greatly to the shrinking/disappearance of 

streams. The unsustainable exploration and exploitation of natural resources and lack of 

landuse planning along water ways is the major cause of influent streams. The availability 

of streams plays vital role in the sustainability of ecosystem stability and other 

environmental and socioeconomic functions. If neglected, influent streams can impact 

negatively on the availability of water for both domestic and industrial purpose, 

livelihood of the rural dwellers and the survival of aquatic species of fauna and flora. 
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