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Abstract: This study examined the analysis of the impact of human activities on the channel cross-sectional area of Otamiri river basin, a rapid 

urbanizing watershed which river traverses south from Egbu through Nekede in Owerri, Imo State to Ozuzu, Etche, Rivers State, where it flows 
to the Atlantic Ocean. The length of the river is about 30 km. The watershed covers about 10,000 km2 with annual rainfall of 2,500 mm and 
mean temperatures of 27°C throughout the year. The river basin is mostly covered by depleted rainforest vegetation due to intensive human and 
industrial activities such as farming, urbanization, sand mining, dredging, sand mining etc. The results of the analyses using the correlation and 
regression analysis show that there is a high positive correlation between channel morphology and discharge as well as urbanization index, 
infiltration capacity shows a negative correlation with channel morphology, it tends to correlate positively with discharge which is the potent 
factor that determines channel morphology. Other variable like sediment yield has a relatively low correlation coefficient that is not statistically 
significant with channel morphology. Hence, it can be asserted that urbanization index and discharge are the most important factors that that 
determine the present channel shape and size characteristics of Otamiri river channel. The study also shows that with increase in discharge, there 

is a corresponding increase in channel width and depth. Hence, the stream channel has enlarged in response to the change in stream flow regime 
accompanying the alteration of the natural soil due to urbanization. It has also revealed that the part of Otamiri River draining the areas subjected 
to urbanization tends to develop relatively larger cross-sectional channel. This was due to the fact that sewers and gutters are meant to convey 
runoff from impervious surfaces to the stream channel. This was found to alter the hydraulic variables of Otamiri river basin significantly. 
 
Key words: Channel morphology, river basin, urbanization, sediment yield. 

 
Introduction 

Changes in land use have impacted the delivery of water, 

sediment, nutrients, and other materials downstream, and 

altered water quality, aquatic habitat, and channel and 
floodplain morphology over short to intermediate timescales. 

River morphology is explained by channel patterns and 

channel forms, and is influenced by such factors as water 

surface slope, depth and width of the channel, discharge, 

water velocity, amount and size of the transported material 

and river bed materials. Urbanization is a particularly 

pervasive type of land use change that represents a suite of 

alterations that are associated with industrial, commercial, and 

residential development (Oyegun, 1993). This form of land 

use change may increase runoff and sediment production and 

generate substantial responses in flooding, sedimentation and 

channel morphology downstream. Urbanization tends to 
decrease infiltration capacities, increase Hortonian overland 

flow, and concentrate flows in storm drains and channels. 

Certain relationships between channel morphology, discharge 

and sediment load of streams have been established 

(Knighton, 1984). On the basis of these relationships, rules 

and laws of drainage composition have been formulated 

especially for fluvial erosional landforms. Little having been 

done and published on the fluvial geomorphology of the 

Chokocho river, it is appropriate to carry out this study on the 

Otamiri river basin with a view to ascertaining how well the 

basin tallies with other empirical studies carried out 

elsewhere, and how it fits existing rules of drainage basin 
relationships. 

The individual characteristics of each river should be studied 

so that the responses of the river due to any encroachment in 

the flood plain and more in the case of future man-made 

structures may be anticipated and preventive measures as 

considered necessary may be planned beforehand (Maurya, 

2013). The morphological characteristics of the Otamiri 

River, which Otamiri river basin falls has changed over time, 

this is majorly because of the activities such as dredging, sand 

mining, agriculture and building near the bank. These 

activities have caused the water level to recede; places water 

once covered are now bare land. These morphological 
changes have increased the tendency of flooding in the nearby 

communities. This research seeks to identify these 

morphological changes and to see if mitigation methods could 

be implemented in order to prevent the occurrence of a major 

flood disaster. 

To facilitate the attainment of the goal of this study, the 

following research questions are put forward: 

i. Is sediment yield a determinant of channel morphology in 
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Otamiri river basin? 

ii. To what extent do increased run-off and bankfull 

discharge determine the channel morphology of upper 

course of the Otamiri river basin? 

iii. Do vegetal depletion and infiltration capacity of the 

upper Otamiri river basin have any relationship with 

channel morphology? 

 

Aim and Objectives 

The aim of this study is to evaluate the impact of human 

activities within the basin, through his attendant influence on 

sediment yield and water yield influence the channel 

morphology of the upper course of the Otamiri river basin. 
To achieve the aim above, the specific objectives were to: 

i. Determine how sediment yield from human activities 

affects channel morphology of Otamiri basin. 

ii. Determine the relationship between discharge and 

channel morphology of the basin 

iii. examine the relationship between vegetal depletion, 
infiltration capacity and the channel form of the upper 

Otamiri river basin and; 

iv. Develop an explanatory framework model of channel 

form based on the process variables of agrarian index, 

vegetal depletion, infiltration capacity, sediment yield 

and discharge. 

 

Study area 

Otamiri river basin was the focal area of study, located within 

Latitudes 4°54‟N to 5°00N and   Longitudes 7°10E to 7°90E 

and covers an area of about 10,000 km2 (Fig. 1). It is a 

lowland, underlain by coastal plain sands of Benin formation. 

The mean annual temperature remains about 27oC throughout 

the year and, with a total rainfall of about 2,500 mm. The 

relative humidity is estimated to reach about 90%. The river 

runs south from Egbu through Nekede in Owerri, Imo 

State to Ozuzu, Etche, Rivers State, where it flows to the 

Atlantic Ocean (Fig. 2). The length of the river is about 30 
km. The river basin is mostly covered by depleted rainforest 

vegetation due to intensive human and industrial activities 

such as farming, urbanization, sand mining, dredging etc. 

 

 
 

Fig. 1: Stream Network Map (Otamiri River Basin) 

 

 
 

Fig. 2: Meandering Flow Pattern of Otamiri River (Google Earth) 

 

Materials and methods  

The study adopted the field survey research design. This 

involved on-the spot field investigation and experimentation. 

The Strahler (1964) method of stream ordering system was 

adopted in this study. Hence, data for this study emanated 
from two main sources such as primary and secondary. The 

upper course of the Otamiri river basin is a sixth (6rd) order 

basin. It has a total length of 30 km. The sample size for the 

study was determined through pilot survey to ascertain the 

optimum sample size derivable from the sample frame. 

Hence, only thirty (30) samples were randomly selected from 

the one hundred and sixty (160) sampling sites. Variables 

measured include sediment and solute, laboratory analysis, 

bankfull discharge, infiltration capacity, vegetal depletion and 

channel morphology. 

 

Methods of data analysis 

1. Bivariate Analysis 

This analysis seeks to establish the relationship between two 

variables in order to determine the degree of co-variation in 

the variables. The significance of the resulting correlation co-

efficient was tested with a null hypothesis (H0) stating that 

there is no correlation between the variables of interest. The 

student‘t’ test for testing the difference between sample 

means was used to test if a significant difference exists 

between the observed and predicted values of channel 

morphology. 
 

2. Regression Analysis 

To accomplish the objectives of this study, a stepwise 

regression analysis was carried out using SPSS computer 

software programme for social science to determine the 

predictive potential of the independent variables of the study. 

Mather (1976) stated that for efficiency, applicability and 

usefulness of regression coefficients, multicollinearity has to 

be removed before regression analysis. The stepwise 

regression model would be used in the SPSS computer 

software programme to reduce the problem of 

multicollinearity. It selects the most significant independent 
variables from a given set of variables and thus helps in the 

reduction of the effects of multicollinearity. The equation for 

this study is of the form: 

https://en.wikipedia.org/wiki/Owerri
https://en.wikipedia.org/w/index.php?title=Ozuzu&action=edit&redlink=1
https://en.wikipedia.org/wiki/Etche
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Y = a + b1X1 + b2X2 +b3X3 + b4X4+ b5X5+ e 

 

Where: 

Y = channel morphology 

a, b1, b2 bm are regression coefficients 
 

e = error term 

 

X1 = infiltration capacity 

 X2 = sediment yield 

X3 = discharge  

X4 = Urbanization Index. 

 

Results and Discussion 

Morphological variations exist amongst rivers because of 

non-uniformity of water discharge and sediment load as a 

result of human activities. Gardner and Gerrard (2003), noted 

that water and sediment discharge tend to stand out 
significantly as two major independent primary variables that 

determine channel morphology. The Otamiri river channel 

was closely examined to show such responses to augmented 

discharge. 

Table 1 below shows data set for width and mean depth 

acquired at stations A-H. The eight stations were acquired at 

one meter (1m) interval. 

Table 1:  Depth and Width Measurement at Stations A-H along Otamiri River Channel 
 

Station 
Right 

Bank (m) 
3 

(M) 
6 

(M) 
9 

(M) 
12 

(M) 
15 

(M) 
18 

(M) 
21 

(M) 
24 

(M) 
27 

(M) 
30 

(M) 

Left 
Bank 
(m) 

A 0.65 0.70 0.75 0.80 0.90 1.00 1.10 1.15 0.65 0.60 0.40 0.25 

B 0.25 0.70 0.45 0.35 0.30        

C 0.30 0.70 0.75 0.60         

D 0.70 0.90 0.85 0.65         

E 0.35 0.30 0.30 0.75 0.90 0.90 0.40      

F 0.70 0.75 0.75 0.90 0.95 1.10 1.55 1.75     

G 0.75 1.50 1.45 1.55 1.50 1.30 1.25 1.00 0.70    

H 0.85 1.45 0.50 1.70 2.00 2.10 1.00 1.00 1.10    

Source: Fieldwork, June, 2021 

 

From the table above, a revelation is made regarding 

variations in depth along the stream channel at different 

sampling stations. The eight stations displayed gradual but 
progressive and sequential changes in depth downstream. 

At station ‘A’, a width of 30 metres (i.e between the right and 

left bank in the data table above) was recorded. At station B, 

there was decrease as the widths measured reduced to 12 

metres. At another station C, the channel remained 9 metres, 

and station D, the channel remained 9 metres before 

increasing to 18 metres at station E. this trend continues 

progressively till the channel width became relatively uniform 

at stations G and H with the width measurement standing at 

24m as revealed in table 1 above. 

 In the above analysis, the largest width of this channel at this 

reach was recorded at station A, which was taken close to the 
foot of a bridge at Port Harcourt-Owerri dual carriage way 

that cut across the river channel. This has resulted in the width 

enlargement of this channel at this point and increased storm 

runoff from adjacent drainage system running directly into the 

stream at this point (Figs. 3-10). 
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Fig: 3-10  

  

So far, it has been shown that from the data collected at 

different cross-sectional sampling stations that considerable 

variations did take place within and between the hydraulic 

variables. From table 2 below, a number of relations become 

glaring. 

 

Table 2: Hydraulic Variables for Stations A-H 
 

Stations 
Width 

(m) 
Mean depth 

(m) 
Velocity 

(m/s) 
Discharge 
(cumecs) 

Infiltration capacity 
(ppm) 

Sediment 
yield 
(ppm) 

Urbanizing Index 
(%) 

Channel 
Morphology 

A 33 0.84 0.3551 9.840 4.00 0.65 4.5 27.52 

B 12 0.36 0.3639 1.570 4.20 0.83 9.3 4.32 

C 9 0.60 0.3654 1.970 4.10 0.90 15.84 5.40 

D 9 0.80 0.3666 2.640 4.08 0.69 21.12 7.20 

E 18 0.53 0.3731 3.560 4.73 0.73 37.98 9.54 

F 20 0.97 0.3805 7.330 4.69 0.84 50.00 19.40 

G 24 1.10 0.3805 10.039 3.93 0.89 77.41 26.40 

H 24 1.40 0.3822 12.842 4.50 0.88 88.00 33.60 

Source: Fieldwork, June 2021 

 

The Otamiri river channel width variations show a continuous 

downstream channel response to increment in discharge from 

urbanization associated activities. The differences revealed in 
the data acquired at different measuring stations show that 

changes had been experienced downstream as the stream 

channel adjust to the conditions imposed by urbanization. 

 Also, the combination of width and depth reflects again 

important association of stream channel response to 

urbanization activities. The channel depth is adjusted to 

present flow conditions which require a deeper channel to 

accommodate the runoff and flood increment from the urban 

surfaces 

The channel form observed shows that downstream channel is 

wider, deeper and with increasing velocity as compared with 
the upstream section. Increments in discharge undeniably 

cause changes in channel width, depth and velocity. This will 

be revealed in the preceding section using statistical analysis.  

From all the eight (8) stations sampled cross-sectionally along 

the river channel, discharge generally increases downstream 

(Table 2). This conforms to numerous findings that stream 

power increases downstream (Odemerho, 1984, Oyegun, 

1984, Sayok and Chang 1990, Oku, 1997, Pizzuto et al., 2000 

etc.). It is of interest to note here that this finding contradicts 
davis (1899), who concluded deductively that stream power 

decreases down the stream. It was noted in this study that 

outfalls channels, sewers and gutters designed to convey 

runoff and stormflow from the urban areas had accounted for 

this increased discharge. 

The increased augmented runoff from paved surfaces with a 

decrease in sediment yield produced incision at the later part 

of the stream channel. This accounted for increased sediment 

yield in the main channel during local storms. This finding is 

in line with Scumm (1968), Oyegun (1984), Gregory and 

Gunnel (1988), Royal (2000) etc. 
 

1. Statistical Analysis 

It is pertinent to establish the joint as well as the individual 

contributions of the independent variables of discharge, 

sediment yield, and infiltration capacity and urbanization 

index on the dependent variable of channel morphology of the 
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basin.   

The multiple correlation as well as linear regression analysis 

and the student t-test were therefore employed as a working 

tool to establish this relationship between these variables 

stated above. All these variables and their corresponding 

correlation coefficients are shown in the summary Table 3 of 

the regression matrix below: 

 

Table 3: Correlation Matrix 
 

 Channel Morphology Discharge Infiltration Capacity Sediment yield Urbanization Index 

Channel 
Morphology 

1.000 .999 .002 .092 .653 

Discharge .999 1.000 .023 .132 .692 

Infiltration 
Capacity 

.002 .023 1.000 .068 .304 

Sediment yield .092 .132 .068 1.000 .552 

Urbanization 
Index 

.653 .692 .304 .552 1.000 

Source: Computer Analysis Output of SPSS (see Appendix 1) 

** Correlation is significant at the 95% level 

 
The above table shows the summary of the correlation matrix 
of the independent variables of urbanization index, discharge, 
infiltration capacity and sediment yield on the dependent 
variable of channel morphology of the Otamiri river channel. 
 In testing the research hypothesis, which states that there is 
no significant relationship between sediment yield and 
channel morphometric indices in Otamiri river basin, the 
linear regression/correlation was used. Also, the significance 
of the individual independent variables contribution to the 
urbanizing river catchment has been tested with the aid of the 
student‘t’ test statistics. 

From table 3 above, it can be seen that there is a low 
correlation between sediment and channel morphology. This 

relationship though positive with a correlation coefficient of 

0.092, is not statistically significant at 0.05 significance level 

of 2.45 at 6 degrees of freedom. The table value is greater 

than the calculated value; this was further analyzed using the 

coefficient of determination (R2) to show the percentage 

variation in the channel morphometric indices. It was found 

out that the coefficient of determination for this relation was 

0.84%, this means that an insignificant 0.84% variation in the 

channel shape and size characteristics is explainable by the 

sediment yield capacity of the basin. 
From the analysis above, it means that the null hypothesis 

(H0) of the relationship between channel morphometric 

indices and sediment yielding capacity of the urbanizing 

Otamiri river catchment is accepted. Hence, it can be said that 

there is no significant relationship between channel 

morphometric indices of size and shape and sediment yielding 

capacity of the Otamiri river catchment. 

 

 
 

Fig. 11:  Correlation Between Channel Morphology and sediment 

Yield 
But on the other hand, the relationship between sediment and 

urbanization index was looked into. From Table 3, it can be 

seen that the correlation coefficient between sediment yield 

and urbanization index is 0.552. The calculated t-statistics and 

test for significance are shown in Appendix 1. The 

implication of this is that though urbanization processes are in 
their sediment generating stage, it shows significant 

relationship with channel morphology. 

Also, the second hypothesis, which states that there is no 

significant relationship between channel morphology and 

urbanization was tested using the statistical approach, outlined 

above in the preceding chapter. The linear regression 

technique was chosen as a tool to show the relationship 

between these variables. From Table 3, it could be seen that 

there is a strong positive relationship between channel 

morphology and urbanization with a correlation coefficient of 

0.653. This means that there is a linear and positive 
correlation between urbanization index and Otamiri river 

channel. (Fig. 12)  

 

 
 

Fig. 12:  Correlation between Channel Morphology and 
Urbanization Index 

 
Also, the calculated t-statistics of 7.88 is greater than the table 
value of 2.45 at 0.05 significance level with 6 degrees of 
freedom. Again, the coefficient of determination (R2) for this 
relation is 91.20%. This means that about 91.20% of the 
variation in the urbanizing Otamiri river channel is 
explainable by urbanization index of the catchment. Hence 
the null hypothesis is rejected, which states that there is no 
significant relationship between channel morphology and 
urbanization index of the basin. Therefore, the alternate 
hypothesis which was stated earlier on is accepted. This 
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finding is in line with works carried out by previous writers 
(Hammer, 1973, Gregory and Walling 1973, Knight 1979, 
Oyegun 1984, Oku 1997, Niezgoda, 2004). 
 Also, it can be seen from the correlation matrix table that 
there is a marked linear relationship between discharge and 
urbanization index. Its correlation coefficient is 0.967 with a 
coefficient of determination of 93.50%. This means that about 
93.50% of the total variation in the level of bankfull discharge 
is explainable by the urbanization index of the basin for the 
statistics. The finding is in line with the existing reasoning in 
fluvial geomorphology (Kates, 1962, Wolman 1969, Akintola 
1978, Omiunu 1984, Odemerho 1985, Sayo and Chang 1990 
and Pizzuto et al., 2000) that as the urbanization processes 
continue, more impervious surfaces are created which 
facilitate runoff and subsequent discharge into the basin 
catchment. 
The relationship between the infiltration capacity of the basin 

soil and Otamiri river channel morphology is also tested as 

shown in Table 3. It is evident from the table that there is a 

negative correlation of -0.004 between infiltration capacity 

and channel morphology of Otamiri River (Fig. 13). 
 

 
 

Fig. 13:  Correlation between Channel Morphology and Infiltration 
Capacity 

 

Also, when the infiltration capacity of the basin soil is 
correlated with other independent variables of discharge, 
sediment yield and urbanization index, it has a positive 
correlation with these variables. Despite the fact infiltration 
capacity of the basin soil is positively correlated with these 
other variables, but they are not statistically significant. 
Therefore, the basin soil as well as the urbanization index 
may well be used to explain this trend. This is attributable to 
the fact that a large portion of the urbanized catchment has 
been made impervious, which in turn yields more volume of 
discharge into the stream channel. 
Furthermore, the relationship between the channel discharge 
and channel morphology was tested. From Table 3, it can be 
noted that the correlation coefficient between discharge and 
channel morphology is 0.999. This means that there is a high 
positive relationship between discharge and stream channel 
morphology. It can be noted that it is statistically significant 
at 0.05 significance level with a calculated t-statistics of 54.73 
against a table value of 2.45 at 6 degrees of freedom (Fig. 14).  

 

 

 

Fig. 14:  Correlation between Channel Morphology and Discharge 
 

The coefficient of determination for the relation is 0.994%, 

which means that about 99.50% of the urbanizing Otamiri 

river morphology is explainable by discharge. This finding is 

in line with previous works of Odemerho 1984, Starkel et al., 

2002.        

 

Summary and Conclusion 

This study was carried out to examine the impact of sand 
mining on channel depth, width and cross-sectional area of 

Otamiri river basin. It has been noted that there is a 

progressive increase in human activities, especially sand 

mining and urbanization in the studied area. Based on these 

facts just noted above, the hydraulic geometry and channel 

capacity of the river has been altered. Hence the stream 

channel has been adjusted to meet the demand imposed on the 

stream on the upper section of the river basin. 

Firstly in this study, it has been found that there is a low 

correlation coefficient between sediment yield and channel 

morphology. It was not statistically significant at 95% 

probability level using the‘t’ statistics as a bivariate 
technique. This is as a result of the fact that increased sand 

mining and urbanization leads to increased concretization, 

hence less sediment yield. 

 Secondly, the study also found out that the relationship 

between channel morphology and urbanization index. The 

study shows that there is a high positive relationship between 

urbanization index and channel morphology. From the test 

analysis, a linear relationship of 0.955 was obtained. It was 

however statistically significant at 95% probability level. 

Also, urbanization index has a high positive correlation with 

discharge. The correlation coefficient for this relationship is 
0.967. This is significant at 95% probability level. In essence 

urbanization index is not a determinant of channel 

morphology in this study but its impact has been noted as a 

potent contributor to discharge characteristics of Otamiri river 

basin. Again, channel morphology was correlated with 

discharge and it shows a high positive correlation. The 

relationship was statistically significant at 95% probability 

level. It can be noted here that discharge, which is influenced 

by other independent variables of urbanization index, 

infiltration capacity of the soil etc. was the most single 

determinant of the Otamiri river channel morphology. 

Furthermore, because of the greater volume of water passing 
through the channel as a result of sand mininig, urbanization, 

agriculture etc, and its cross-sectional area has been enlarged. 

With urbanization, consisting of built-up areas, the volume of 

paved area increased rapidly and the grassed areas decrease 

thus making the predicted runoff and flood larger, hence 

increased discharge. The increased augmented runoff from 

paved surfaces with a decrease in sediment yield produced 

incision at the later part of the stream channel. This accounted 

for increased sediment yield in the main channel during local 

storms. 

Similarly, infiltration capacity of the catchment soil correlates 
negatively with the channel morphology of the Otamiri River. 

This means that its contribution is not directly significant with 

the existing channel form and size characteristics though 

contribute to the basin discharge characteristics which have 

been found to be the potent factor that determines the channel 

shape and size characteristics of the Otamiri River channel. 

It can thus be inferred from the present study that because of 

low infiltration capacity resulting from larger areas of the 
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basin being  made impervious, groundwater recharge is much 

likely to be a fundamental problem of some kind of sooner 

than later in the urban area. There is this problem of the 

stream water being degraded due to impurities that enter it 

from the sewers and gutters. Bank instability, vegetal growth 

along the stream, and stream amenity devaluation are all 
likely problems that the Otamiri River will encounter. 

 

Recommendations 

It has been found out from this study that the most potent 

factor that initiates channel enlargement is discharge. 

Therefore, flooding is one of the hazards that will likely be 

affecting the inhabitants of the Otamiri river flood plain. 

Flooding as a hazard is expensive and can cause loss of lives 

and property. Then building into the river flood plain should 

be discouraged, because it reduces the width of the channel 

and therefore its capacity, which may lead to flooding. 

The above can be achieved by working with the local town 
planning authority in the area to zone the natural flood plain 

for non-urban structure that have crowded onto and 

constricted the natural river width. The construction of 

channel stabilization scheme is also recommended to 

ameliorate this flooding risk. 

The author recommends sustainable forest resource 

management in the basin. There is need to preserve the 

already existing forest at certain reaches of the stream. This is 

recommended because mature vegetation has a higher rainfall 

interception rate, a tendency to reduce rates of overland flow 

and generates soil with a higher infiltration capacity and 
better general structure. This will tend to reduce both overall 

runoff levels and less extreme flood peaks. The presence of 

vegetation in this basin can also reduce nutrient and material 

loss to the river, thereby reducing pollution level. Hence, the 

continued destruction of original vegetation in this area has 

led to more dissolved substances in streams which is causing 

the undesirable effect of water pollution in the area, hence the 

deterioration in public water supply in Otamiri river basin. 

The government, the public and the individuals embarking on 

production of any kind need to be educated on the usefulness 

of rivers to the entire life of the people, which range from 

agriculture, domestic and commercial purposes. Against this 
background, any waste being channeled to the stream should 

be well treated. 

Finally, the author equally recommends the possibility of 

making this river a social asset and aesthetic amenity in the 

area, since no social amenity like this is known to be existing 

in the area. This can be achieved effectively by creating parks 

and paths by the stream side and embarking on mop-up of the 

sides of the river. 
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