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Ascertaining the impact of Temperature, Rainfall, Water level, and 
Water discharge on Sediment Yield

The state of our natural environment is continuously changing. 
Various texts, global environmental monitoring bodies and envi-
ronmental focused research groups agree that the deterioration, 
if not checked, will in the nearest future make it impossible for all 
living things to continue to exist in the ways we are accustomed 
to. 
As Earth’s temperature steadily increases, so has its sea level. 
This has brought about a lot of changes in the landscape of dif-
ferent catchment areas which is as a result of flooding. Flooding, 
in turn, has also resulted in death and proliferation of water borne 
diseases
This work is motivated by the need to understand what factors 
mostly affect sediment yield in order to safe guard against its 
effects. The work takes a look into temperature, rainfall, water 
level, and water discharge factors from Oyan gauging station of 
the Ogun-Osun River basin, in the south western part of Nigeria. 
Our results show that all factors considered have a Sconsider-
able effect on sediment yield.
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Introduction 

Water, a natural resource that is needed to 

support life, is classified into either freshwater 

or saltwater and it covers about 71% of the earth 

(USGS, 2016). Sciencing (2017)  posits that the 

earth’s salt water category can be further sub-

categorized into large and small salt water 

bodies which includes Oceans, Seas, Bays, 

Coves etc.  Brooks (or Creeks), which flow into 

large streams and ultimately find their ways into 

Rivers, lakes, ponds, swamps, bogs etc. make 

up the bodies of fresh water sources.  

Rivers are large natural streams of flowing 

water that are found on every continent and on 

every kind of land (National Geographic, 2019). 

Rivers are vitals because they contain fresh 

water that supports life both on land and living 

organisms that live in them. Although, 

depending on the river, whose activities may be 

yearly or seasonally , they are constantly 

helping to shape the landscape, and more 

importantly, are an important element of the 

water cycle.  

Amongst the entities that can be found in a river 

are sediments. Sediments are loose sand, clay, 

silt, and other soil particles that settle at the 

bottom of a body of water which can come from 

soil erosion or decomposition of plants and 

animals that are carried into the river by wind 

water and ice (Mid-America Regional Council, 

2006). From the above definition, we see that 

minerals can be defined as sediments. 

United States Department of Agriculture defines 

sediment yield as the quantity of sediment, 

measured in dry weight or by volume, 

transported through a stream cross-section in a 

given time which consists of both suspended 

load and bed load. The American 

Meteorological Society posits that sediment 

yield is the total quantity of sediment moving out 

of a watershed in a given time interval, 

expressed in units of mass per unit time 

(Defined Term, 2019). It is seen from these 

definitions that time and unit of measure is of 

great importance in order to properly measure 

sediment yield. 

The potential for wanton sieges of destruction 

as a result of sediment yield has made it 

imperative for the continued study of this natural 

phenomenon. Many researches especially in 

the sciences have developed models to predict 

sediment yield in order to prevent destruction 

and loss of life. Governments, the world over, 

also spend billions to put satellites in orbit to 

monitor atmospheric conditions and weather 

patterns especially in this era of global warming 

Statement of the problem  

The potential for wanton sieges of destruction 

as a result of sediment yield has made it 

imperative for the continued study of this natural 

phenomenon. Many researches especially in 

applied sciences have developed models to 

predict sediment yield in order to prevent 

destruction and loss of life. Governments, the 

world over, also spend billions to put satellites 

in orbit to monitor atmospheric conditions and 

weather patterns especially in this era of global 

warming 

Aim and Objectives 

This work aims of this study is to statistically 

look deeper in order to ascertain what natural 

factors have a more impactful effect on 

sediment yield.  

This study objective is to ascertain what natural 

elements have more impact on sediment by 

testing our developed hypotheses.  

Methodology  

1. Collection of secondary data comprising of 

Temperature, Rainfall, Water level, and Water 

discharge and Sediment Yield collected within a 

period of four (4) years from the Oyan gauging 

station of the Ogun-Osun River basin, in the 

south western part of Nigeria.  

2. Development of Hypotheses that will prove to 

be true or not at the end of our work.  

3. Data analyses 

https://definedterm.com/a/entity/american_meteorological_society
https://definedterm.com/a/entity/american_meteorological_society
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Research Question 

What variable amongst Temperature, Rainfall, 

Water level, and Water discharge have a 

greater impact on Sediment Yield?  

Hypotheses 

Null Hypotheses: 

HOi: Temperature has a similar effect on 

sediment yield as rainfall, water level, and water 

discharge. 

HOii: Rainfall has a similar effect on sediment 

yield as temperature, water level, and water 

discharge.  

HOiii: Water level has a similar effect on 

sediment yield as temperature, rainfall, and 

water discharge.  

HOiv: Water discharge has a similar effect on 

sediment yield as temperature, rainfall, water 

and water level. 

Alternative Hypotheses 

H1i: Temperature has a greater effect on 

sediment yield than rainfall, water level, and 

water discharge. 

H1iiRainfall has a greater effect on sediment 

yield than temperature, water level, and water 

discharge.  

H1iii: Water level has a greater effect on 

sediment yield than temperature, rainfall, and 

water discharge.  

H1iv: Water discharge has a greater effect on 

sediment yield than temperature, rainfall, water 

and water level. 

Literature Review 

The study of our water bodies continually show 

how precious and valuable this resource is. We 

make use of it for almost every daily activity of 

our lives such as cooking, manufacturing, 

transportation etc. Although recently in 2018, 

there was discovery of water in liquid form on 

planet mars (Halton, 2018), earth remains the 

only planet known to man whose water 

resource can be consumed safely.  

 

 
Figure 1: World fresh water sources (USGS, 2016) 

 

Water, over decades, have also been seen to 

be destructive and have caused the deaths of 

hundreds of thousands. This occurs as a result 

of poor planning, environmental degradation 

and destruction by man. In fact, it accounts for 

9 out of 10 of disasters that occurred since the 

early 90s (World Metrological Organization, 

2018). 

The is the reason why major researches are 

carried out in order to prevent and mitigate 

against such disasters 

Ai, et al. (2016) looked into the factors affecting 

runoff and sediment yield in the north Shaanxi 

province of China. The research, spanning a 

period of 17 years took vegetation, rainfall, soil, 

and topography as the factors affecting soil 

erosion. Making use of five (5) runoff- 
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measuring sites comprising five different 

vegetation types site, they aimed at 

investigating the impacts of the aforementioned 

factors on run-off and soil loss.  

Their result showed that rainfall had the highest 

impact on run-off, followed by soil, topography, 

and then vegetation. Their result also showed 

that soil had the greatest impact on sediment 

yield followed by run-off, rainfall, topography, 

and then vegetation.  

On the wettest year during the research period, 

results showed that topography and run-off had 

the greatest impacts on run-off and sediment 

yield respectively. 

Their research shows that our environment is 

interconnected to function as a unit. Here in 

Nigeria, our major soil types are sandy, loamy, 

and clay soil and in some cases, a mixture at 

different percentages. Researchers should 

therefore look into ways to mitigate against run-

off and sediment yield with respect to the 

peculiarities of their environment 

William (2012) shows how sediment yield tells 

the history of a river based on the sediments 

found in it and how this information can be used 

to reconstruct past environmental changes at a 

variety of scales in time and space. For this 

research, the River Nile was used as the subject 

majorly because of the its history relating to 

tectonic, volcanic, climatic, and human impact 

factors.  

From the fragmentary alluvial remains, a 

detailed history of the river Nile was 

reconstructed for the past 15 years while a 

lesser detail history was constructed for the past 

150 years. The reconstructions was in 

consonance with global weather flunctuations 

and records obtained.  

The research shows that 100 000 km3 of rock 

have been eroded from the Nile’s Ethiopian 

sources and deposited in the eastern 

Mediterranean, with minor amounts of sediment 

laid down along its former flood plains in Egypt 

and Sudan. This research meets its intended 

goals but since we have established that the 

impact of sediment yield could be disastrous, it 

is imperative that further research should be 

carried out on the impact of the eroded portions 

and how it could have be safe-guarded against 

with respect to the catchment area. 

The non-linear nature of sediment yield has also 

inspired model based computational research in 

order to understand the patterns of various 

catchment areas. Wang, Huang, Wu, & Zhao 

(2016) applied Artificial Neural Net Work (ANN) 

and grey relational analysis to rank the factors 

the factors affecting run-off and sediment yield 

under a simulated rainfall.  

The factors, which include vegetation growth 

stage, vegetation type, vegetation cover, rainfall 

intensity, rainfall duration, antecedent soil 

moisture, and slope gradient. Employing the 

Back propagation algorithm for the ANN and the 

grey relational analysis against the total runoff 

and total sediment based on rain intensities of 

30 mm h–1, 45 mm h–1, 60 mm h–1, 90 mm h–1, 

120 mm h–1, their result showed that vegetation 

cover and rain intensity had the most impactful 

effect using the first model while rain intensity 

and vegetation cover were the results gotten for 

the second model.  

This buttresses the fact that all aspect of nature 

are intertwined in the sense that if we continue 

to allow the environment to deteriorate 

especially in the area of global warming, earth 

would experience more volume of rainfall which 

will be impactful on the quality of soil. The 

experiment can be carried forward to higher rain 

intensities so as to paint a picture of how long it 

would take before a larger percentage of 

vegetation is lost.  

Smetanová, et al., (2018) reiterated that 

increased soil erosion, pressure on agricultural 

land, and climate change have a great impact 

on soil quality and sediment yield.  In their 

paper, temporal variability and time 

compression of sediment yield in small 

Mediterranean catchments: impacts for land 

and water management, they highlight the need 

for new management methods to mitigate soil 

loss by making use of comparable data sets of 

long‐term soil erosion monitoring across 

multiple environments. 
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They proposed a novel approach for analysing 

sediment yield which was aimed at investigating 

factors controlling inter‐ and intra‐annual 

sediment yield, combined seasonality and time 

compression analyses to explore sediment yield 

variability, and discussed management 

implications for different Mediterranean 

environments. 

They made use of continuous sediment yield 

measurements totalling 104 years for eight 

small catchments to describe sediment yield 

variability, which ranged from 0 to 271 t/ha/year 

and 0 to 116 t/ha/month. They showed that 

maximum sediment yield occurs in spring to 

summer for catchments with oceanic climates, 

while semi‐arid or dry summer climates 

experience sediment yield minimums. 

They realised that reforestation, grassland and 

terracing changed sediment yield magnitudes 

and time compression, but failed to reduce 

sediment yield for large storm events and 

concluded that focusing management practices 

on monthly flow events, which account for the 

majority of sediment yield, will optimise returns 

in Mediterranean catchments. 

Njogu & Kitheka (2017) did an assessment of 

the influence of rainfall and river discharge on 

Sediment Yield in the Upper Tana Catchment in 

Kenya.  Based on well documented and up to 

date data spanning a period of 45 years from 

authorized sources, their results showed that 

there is a significant variability in stream flow 

and sediment yield in the Upper Tana Basin. 

The mean total annual river discharge of Tana 

Sagana was 128 m3s-1, and the maximum and 

minimum river discharges were 29.94 m3s-1 

and 3.15 m3s-1, respectively.  

There was an indication of increasing trend in 

rainfall and subsequently sediment yield in the 

basin, which may be attributed to alteration of 

land use and climatic change. The results 

showed that SWAT (Soil Water Assessment 

Tool) model was quite good in simulating the 

variability of river discharge. 

The analysis revealed a poor relationship 

between sediment yield and rainfall. However, 

the relationship between rainfall and stream 

flow was strong with r value of 0.9 which is 

significant at p=0.05. Relationship between 

simulated and observed river discharge had a 

R2 of 0.442, r of 0.665 and NSE of -89.43.  

The relationship between simulated and 

observed sediment yield had a r2 of 0.733, r of 

0.86 and NSE of 0.69. The results of this study 

showed that SWAT model can be used to 

predict sediment yield in the Upper Tana 

catchment. The model had good performance 

when daily rainfall, stream flow and sediment 

yield data were used. Thus, the model can be 

used to establish the relationship between 

rainfall, discharge, and sediment yield in a 

highly human-impacted tropical catchment 

area. 

The body of works reviewed shows that 

depending on the catchment area, the factors 

that influence sediment yield differ.  

Methodology 

This research takes a statistical approach to 

finding what factors, from our data, has a 

greater impact on sediment yield. The data 

collected spans a period of four years and was 

gotten from the Oyan gauging station of the 

Ogun-Osun River basin. This area covers the 

whole of present day Osun, Oyo, Ogun and 

Lagos States, has an estimated land area of 

66,264 square kilometres (Ogun-Oshun River 

Basin Authority, 2013). 

The data collected consists of 384 rows by 5 

columns. The data collected includes 

Temperature (oC), Rainfall (mm), water level 

(m), Water discharge (m3/s) and sediment yield 

(mg/l) 

We make use of simple random sampling and 

judgemental sampling techniques to derive our 

sample population  

At the end of the simple random sampling 

process, we were left with 192 sample size. We 

then used judgemental sampling to pick the top 

100 sediment yield row of data.  

We made us of Microsoft Excel and its in-built 

statistical functions as out tool for analysis.  

Hypotheses 

Null Hypotheses: 
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HOi: Temperature has a similar effect on 

sediment as rainfall, water level, and water 

discharge 

HOii: Rainfall has a similar effect on sediment 

yield as temperature, water level, and water 

discharge  

HOiii: Water level has a similar effect on 

sediment yield as temperature, rainfall, and 

water discharge  

HOiv: Water discharge has a similar effect on 

sediment yield as temperature, rainfall, water 

and water level. 

Alternative Hypotheses 

H1i: Temperature has a greater effect on 

sediment yield than rainfall, water level, and 

water discharge  

H1ii Rainfall has a greater effect on sediment 

yield than temperature, water level, and water 

discharge  

H1iii: Water level has a greater effect on 

sediment yield than temperature, rainfall, and 

water discharge  

H1iv: Water discharge has a greater effect on 

sediment yield than temperature, rainfall, water 

and water level. 

We take our level of significance to be 5%  

The level of significance is the probability of 

making an error, denoted by α 

Therefore α=0.05 

Results and Discussion 

After our analysis, we obtained the following 

result  

 

 

 
Table 4.1: Graph showing the representation of Temperature against Sediment yield 

 

 

 
Table 4.2: Graph showing the representation of Rainfall against Sediment yield 
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Table 4.3: Graph showing the representation of Water Level against Sediment yield 

 

 
Table 4.4: Graph showing the representation of Water discharge against Sediment yield 

 

We test our Hypotheses using the formula 

 

Z= 
�̅�−µ
𝜎

√𝑛

 …… eqn 1 

Where  �̅� is the sample population Mean 

µ is the population mean 

σ is the population standard deviation 

n is the sample size  

Given that Z1-α=1-0.05 

=0.95 

Therefore  

Ztabulated=1.645 

 

ZCalculated for Temperature = -0.002242125 

ZCalculated for Rainfall = 0.014108 

ZCalculated for Water Level = 0.020824 

ZCalculated for Water Discharge = 0.032901 

Factors Population Sample Population 

Mean (Temperature) 32.3568 32.27 

Standard Deviation (Temperature) 3.3222 3.87 

Mean (Rainfall) 1.6036 2.44 

Standard Deviation (Rainfall) 6.1689 5.94 
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Mean (Water Level) 1.4237 1.92 

Standard Deviation (Water Level) 5.1662 2.37 

Mean (Water Discharge) 3.5073 6.67 

Standard Deviation (Water Discharge) 7.7554 9.61 

Table 4.5: Mean and Standard Deviation of all factors 

 

We see that Zcalculated for all factors is less 

Ztabulated.  We therefore accept Hoi, Hoii, Hoiii, and 

Hoiv and reject H1i, H1ii, H1iii, and H1iv. 

Our results shows that Temperature, Rainfall, 

Water Level, and Water discharge all have 

similar effects on Sediment Yield with regards 

to this catchment area although we see that 

marginally, the effect of  water discharge > 

water level > Rainfall > Temperature. 

Summary and Recommendations 

This work established the importance of 

sediment yield to the general well-being of any 

geographical location. We took a look at how 

sediment yield is being used to predict future 

occurrences and reconstruct histories peculiar 

to an environment.  

Using our data, we were able to establish all 

natural factors are importance to the health of 

any environment and how the misuse of how 

can affect the other. 

Our results show that no environmental factor 

can be isolated to have a greater impact on 

sediment yield than the other.   

We therefore recommend that a combination of 

factors should be put to test to ascertain if any 

the impact would be of any significance. We 

also suggests that more factors like soil, 

topography, vegetation as seen in the work of 

Ai, et al., (2016) and any other factor that may 

influence sediment yield should be looked into 

in order to find out if singularly, a factor has a 

greater effect on sediment yield or it has to do 

with a combination of different identified factors. 
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