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Introduction 
The physical development of the 

urban areas normally occurs due to 

movement of people from rural to 

urban areas, which ultimately leads to 

the urbanization. Urban watersheds 

across the world are suffering from 

pressures of human such as 

urbanization, industrialization and 
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Abstract  
Rapidly change in the population of Maiduguri has brought tremendous 

change in the land use and land cover patterns of the Ngadda river basins. 

Increasing urbanization in the basin is followed by a variety of serious 

impacts on the conditions of the river system. Alteration in the hydrology and 

geomorphology of the streams are the most detrimental effects identified due 

to urbanization. This paper reviews the various ways of stream alterations 

due to urbanization, methods to assess these effects and the existing research 

gaps in the field of study. The changing river basins provide opportunity for 

the river watersheds management planners, and engineers to study the system 

- response relationship between urbanization and river basin. This may help 

for further research and better river basin management. 
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population growth resulting into river basin changes. Any natural system like 

river basin is elegant in its own way. Urbanization affects stream ecosystems in 

a number of ways. For example, increased flooding and pollution, lower dry-

weather flows, changes to the stream substrate and riparian vegetation, and 

channel widening are common results of urbanization which can lead to 

degradation of the stream habitat and a loss of diversity in the aquatic 

community. The greater volumes of storm runoff, higher peak flows, and more 

rapidly rising flows associated with urbanization have been recognized for 

many decades (e.g., Leopold 1968), largely because they can result in flooding 

of properties. The increased ‘flashiness’ of flows in urban catchments means 

that the frequency of flood events over a particular size increases as more water 

is conveyed directly to the stream channel. 

One ubiquitous feature of urban stream syndrome is alteration of the river 

channel morphology and stability (Booth, 1990; Bledsoe, 2001; Russell et al., 

2020). Generally speaking, rivers will adjust their shapes in response to natural 

fluctuations in sediment supply and flow regime (Schumm et al., 1984), and the 

rate of this response is frequently accelerated by watershed urbanization. One 

problem is related to the increased imperviousness of the watershed, when 

natural ground surfaces are replaced by roads, sidewalks, buildings, and parking 

lots. Increased imperviousness interrupts the natural infiltration processes that 

gradually route rainwater downward into the subsurface, and the eventual 

recharge of the downstream river channel (Booth, 1990; Bledsoe and Watson, 

2001; Morisawa and Laflure, 1979; Booth and Reinelt, 1994; Vietz, et al., 2014) 

thereby disrupting the natural hydrological processes that route water and 

material downstream. More issues can arise from installation of drainage pipe 

networks that often lead to rainwater being collected over a much larger area, 

thereby increasing the extent of the area delivering flows to downstream 

channels (Vietz et al., 2014; Utz et al., 2016). Collectively, these practices can 

result in much more storm water runoff_ being instantaneously delivered to the 

channel head, and this increases the energy of the flow regime to a point that 

exceeds the rivers natural transport capacity. 

Channels respond to such energy perturbations by first incising into the channel 

bed by erosion (Booth, 1990; Wohl, 2018; Dunne and Leopold, 1978), which is 

intensified by the coarsening of bed materials (Hawley and Bledsoe, 2016). 

Because incision leads to a deeper channel, the banks steepen and become 

unstable and more prone to erosion through bank failures (Leopold and 
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Wolman, 1964), thereby widening the channel and increasing sedimentation 

(Arnold et al., 1982). Continued erosion leads to further incision as coarse 

particles are transported downstream. This cyclic process of incision and 

widening will continue until the channel reaches a new balance, or equilibrium, 

to accommodate the increased flows received from the urbanized watershed 

(Roberts, 1989). In extreme cases, a channel may incise many meters below the 

original level of their beds (Booth and Henshaw, 2001; Julian and Torres, 2006). 

This general view of channel adjustment in response to watershed urbanization 

has been well documented (Leopold et al., 2005; Hawley and Bledsoe, 2013), 

however, the space and time scales associated with their response has been 

poorly constrained (Grant et al., 2003; Bunte and Gravel, 2004; Shelley, 2007). 

One reason for this knowledge gap arises from the highly varied nature of bed 

material types and sizes between study sites (Utz et al., 2016), as well as the 

presence or absence of storm water management infrastructure or exposed 

bedrock (Hawley and Bledsoe, 2016). Moreover, our present understanding of 

channel “re-equilibration” due to watershed urbanization is largely limited to 

studies of non-cohesive, alluvial systems (Driscoll et al, 2010), and less is 

known about erosional processes in cohesive channels (Edison et al., 2010) let 

alone their morpho-dynamic response to human activities.  

In this study, we investigate the channel morphological alteration of River 

Ngadda; an urban stream channel that has undergone substantial morphological 

alteration in response to century-scale watershed urbanization. Scientific 

research on this river system is limited to three studies (Nyanganji, 1994; 

Abdullahi et al., 2015; Jimme, 2014; Jimme et al., 2016), and not even one has 

quantitatively assessed the channel alteration in response to urbanization. 

Specifically, Nyanganji, J.K. (1994) examined the Morphology and 

Hydrography of the Ngadda catchment and the Bama Beach Ridge (BBR); 

Jimme, M.A. (2014) examined the spatial pattern and socio-economic effects 

of urban flash floods and inundation on River Ngadda Channel. The rationale 

behind carrying out this study is to quantitatively assess the River Ngadda 

channel’s alteration in response to watershed urbanization. Here, we use 

satellite imagery data, field observations, and GIS to assess longitudinal and 

cross-channel profiles. This work is very important because it provides 

additional insights into the effects of urbanization on fluvial geomorphology 

and can aid in the management and restoration efforts for the Ngadda River. 
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Aim and Objectives  

The aim of this study is to assess alterations of channel due to urbanization 

along the Ngadda River in Maiduguri Metropolis. The specific objectives of the 

study include to:  

1). Examine the various human activities along the river channel.  

2). Assess how urbanization altered the stream channel of River Ngadda.  

 

Research Question  

1).What are the various types of human activities along river Ngadda channel?  

2).Does urbanization altered the stream channel in Ngadda River?  

 

Materials and Methods 

Study Area 

Maiduguri is located between latitudes 11 42N and 12 00 N and longitudes 

12.54 and 13 14 E (Haruna 2010). Maiduguri covered an area of 543km2. The 

city is bounded in the north by Jere LGA, in the west, south and south-west by 

Konduga LGA, in the north-west by Mafa LGA. Maiduguri has mean annual 

maximum temperature of 34.8 with mean temperature ranging between 30 and 

40 C. The months of March and April are usually the hottest months, while 

November and January are the cold and dry periods of harmattan. The city 

receives rainfall from June to September. However in rainy years, the city 

records rainfall earlier than June and later than September. Being a nodal city, 

trading is the major occupation of the inhabitants with few agrarian practices. 

The city is situated in a plain area. One of the problems confronting the 

geography of Maiduguri urban is the non-availability of a standard boundary of 

the urban. Therefore, in this study, the urban is defined to be the areas between 

latitudes 11˚ 27′ 30″ N and 11˚ 33′30″N and longitudes 13˚ 2′ 30″E and 13˚ 

9′10″E (Fig. 1). 
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Figure 1: Maiduguri showing the study Area 

 

Methods 

There are a variety of field measurements that can be used to assess and describe 

channel morphology characteristics. The purpose of this study was to determine 

whether urbanization was altering stream channel in the Ngadda River. To 

achieve that purpose, measurement criteria were selected that was characterized 

the channel morphology of river, provide information for statistical analysis and 

allow comparison between the three segments and with other similar studies. 

The channel dimension (length, width, depth and cross sectional area) of each 

reach was measured using Total Station (TS) with angular and linear accuracy 

of 2 seconds and ±2mm + 2ppm (see Ibitoye, 2012). With the hard copies of 

Google Earth imageries, the entire area routing runoff into the channel 

(catchment area) was identified physically in the field and delineated along the 

catchment or drainage divide. Infill developments (developments after the 

imageries have been captured) such as buildings, drainages, roads and 

impervious surface were also identified in the field. The Google Earth imageries 

were geo-referenced with the values of well dispersed and well distributed 

Ground Control Points (GCPs) that are identifiable on the imageries using 
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AutoCAD Land Development version 2007. All features of interest (buildings, 

drainages, roads and impervious surfaces) were later digitized on screen and 

their values estimated using geo-statistical tool of the software. 

 

Results and Discussion  

Direct modification of stream channels 

This is common in urban systems. These direct alterations of channel 

morphology often are the most damaging changes urban streams experience. 

Typical channel alterations in urban streams include: channelization (i.e., 

channel straightening) and channel hardening or armoring (e.g., lining channels 

and banks with concrete and riprap) as observed in the urban and semi urban 

segments of Ngadda River. Building of drains along urban streets and concrete 

channels is a deliberate attempt to control surface runoff but the improper 

handling of the projects often influenced stream channel alteration at the 

receiving locations. Many of the channels and drains constructions are at times 

abandoned or terminated half way before reaching the natural drainage 

channels.  Some drains were constructed without any consideration for the slope 

pattern of the road and amount of runoff to be generated, thus providing avenue 

for the runoff to overflow the drains during heavy rainfalls. Drainages were not 

even provided along some roads or provided and not serve the purpose of 

conducting runoff due to blockage and as a result, uncontrolled runoff flows 

along the roads/streets and unpaved drains and thus lead to development of 

incipient gullies around the channel which further exacerbate the alteration 

processes. These factors coupled with unconsolidated nature of soil beneath the 

concrete channel made it possible for the runoff to severely cut deeper and faster 

into the earth surface at the termination points.  

Results from the descriptive analysis along the three segments of the Ngadda 

River indicates a highly urbanized watershed with greater than 90% impervious 

surface cover in urban reach (Figure 1). The semi-urban watershed, is a 

transition from forested rural area to develop urban haven impervious surface 

area of 29.8%. The rural watershed is generally most rural with impervious 

surface area of 2.81% respectively. This result also revealed that rooftops make 

up a significant percentage of the impervious surfaces within an urban area as 

compared to studies elsewhere, for instance in North America and Europe 

where road components dominate impervious cover (City of Olympia, 1994b). 

The amount of impervious cover i.e., percent of the watershed under urban 
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influence is a major factor in explaining channel response to urbanization. This 

is due to fact that, overland flow dynamics caused by increases in impervious 

surface, subsurface storm water routing typically delivers excess storm water 

directly into surface water systems during high flow events, further increasing 

peak discharge in streams and rivers during storm events (Walsh et al., 2005). 

When the hydrologic characteristics and sediment supply of a fluvial system are 

disrupted by urbanization, the channel geomorphology of the system adjusts to 

accommodate these changes (Leopold, 1964).  This interpretation is consistent 

with earlier studies elsewhere that have shown runoff increases 200% - 500% 

where impervious cover exceeds 10% of the watershed (Paul and Meyer, 2001, 

Arnold and Gibbons, 1996). This study indicates more than 70% 

imperviousness, which suggest that Ngadda channel in urbanized watershed 

tend to alter the stream channel in response to changes in flow frequency, hence 

the enlargement of their channel at higher rate than channel in the semi-urban 

and rural reaches.  

 

Variability between the Channel Segments  

Results of the longitudinal profile indicates that channel cross sectional area, 

width, wetted perimeter and width/depth ratio in the urban segment are larger 

than the semi-urban and rural reaches. The high degree of variation is an 

indication that the reach dimension varies from urban watershed to rural 

watershed, which means, urban reach is larger than the semi-urban reach and 

rural reach respectively. These variability are can help in determining the type 

of change that occurred in each reach bordered by impervious cover in urban 

and agricultural fields in semi urban and rural that rarely adjoin these data 

indicate significant variation for changes among the reaches. The channels 

showed both channel widening and channel deepening when compared with 

reference reaches. The significant increase of active channel width in the urban 

reach in response to urbanization is consistent with studies from other regions 

(e.g., Wolman 1967, Wolman and Schick 1967, Hammer 1972, Jacobson and 

Coleman 1986, Booth 1990, Trimble 1997, Galster et al. 2008).  

The amount of channel widening however is greater than the amount of 

deepening and rate of channel widening increases in the downstream direction. 

The downstream hydraulic geometry describes the rate of increase in width, 

depth and cross sectional area in the downstream direction to accommodate the 

downstream increase in bankfull discharge. The amount of change shown by 

the result illustrates the transformational change the channels went through 

during the major urbanization phase on the Ngadda catchment. This 

corroborates the studies of Abdullahi et al, (2015) and Nyanganji (1994, 2011) 
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on the Ngadda basin. This rapid increase in watershed urbanization of 

Maiduguri had a profound impact on the hydrology of the river system and 

increased the demand for storm water management to route rainwater away 

from the downtown district. A network of storm water drainages were 

constructed around the channel and this culminated in a network of artificial 

drainage pipes that routed rainwater runoff directly to the Ngadda River 

channel. The immediate impact of this effort was a sharp increase in the flow 

discharge at the channel head, as more water rushed into the channel at a much 

faster rate. This suggests that stream systems can eventually adjust to the urban 

hydrologic regime and find a new dynamic balance between water and sediment 

input. The urban landscape, dominated by impervious surfaces, will lead to 

greater stream discharge than was present during the pre-urban phase, and this 

allows channels to lower their slope because gravity is no longer needed to 

create energy for the stream system. The hydrologic regime experienced by the 

channel is closely tied to the level of urbanization and impervious area in the 

watershed, particularly where the underlying geologic substrate does not have 

a large infiltration capacity, as is the case with the degree of urbanization of the 

Ngadda urban study sites.  

 

Channel Enlargement Variables 

Analysis of the enlargement parameters depicts a trend in enlargement of river 

Ngadda channel. The finding shows Ngadda channel with a capacity ratio of 

1.21, width ratio 2.14, depth ratio 0.63 and enlargement ratio of 1.15. This result 

corroborates studies reported elsewhere where, typical channel enlargement 

ratios ranges from 1.0–4.0 (Gregory, 1987a). The semi-arid climatic conditions, 

particularly in Nigeria show trend in enlarged river channel. For example, 

Jakara channel data indicates a capacity ratio of 2.65and enlargement ratio of 

7.21. Although, data from semi-arid generally contradicts what has been 

reported from the humid tropical areas of the country which shows reduction in 

channel capacity ratio. For instance, data in Ekulu river show a capacity ratio 

of 0.79, (Jeje and Ikeazota, 2002), Elemi River show a capacity ratio of 0.81, 

(Ebisemiju, 1989) and the Ikpoba River has a capacity ratio of 1.2 (Odemerho, 

1992) respectively. Consequently, urban stream channels often enlarge their 

cross sectional areas by a factor of 2 to 5, depending on the extent of 

urbanization in the watershed and the age of the development (May et al., 2002; 

Avolio, 2003; Brierley and Fryirs, 2005 among others).  

One of the observations during the field survey is the extent of human influence 

on the river through the direct and indirect effects of urbanization. The direct 

increase in impervious cover creates indirect increases in both the amount of 

water reaching the channel during rainfall events and the peak flow rates 

associated with rainfall. To accommodate this increase in peak flow events, the 
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channel width and wetted perimeter have increased, as this study documented 

at the six surveyed cross-sections. Human perturbation of the urban drainage 

such as causeways, bridges, roads and buildings limited the flow capacity of the 

channel and floodplain. One important factor affecting the energy balance in 

the channel is constriction and modification of the river course, so that the flood 

water flow is different from the normal pattern of overbank flow and 

sluggishness over the floodplain. In this case, under flood conditions the alluvial 

plain performed the function of a high-velocity flow channel in a semi-confined 

environment as observed in some part of the urban reach. 

A disturbance to one part of the fluvial system can change upstream or 

downstream through the network and shrink or become large in the process, 

yielding complex cumulative responses. The stream channel can be perturbed 

by some activities that occurred at various places elsewhere at various times in 

the fluvial system. The consequence of urbanization process is the tendency that 

transforms natural channel through various activities of bank erosion protection 

and control as well as flood mitigation. This corroborates Coles et al. (2004) 

who demonstrated that the streams are systematically narrower and deeper with 

increasing urban intensity. 

 

Trends in Downstream Direction 

Univariate regression analysis with dependent variables such as (bankfull 

width, mean bankfull depth, bankfull area, and wetted perimeter) shows 

increase in the downstream direction. Also residuals from the univariate 

regression were calculated to see what additional trends could be attributed to 

urbanization. These residuals refer to the difference between the estimated and 

actual values calculated from the regression equation. The results of Mann-

Whitney nonparametric statistical test performed on these residuals three 

reaches demonstrated the p values reported from this test are greater than 0.05 

for bankfull width, mean bankfull depth, bankfull area, and wetted perimeter. 

Thus, after accounting for the effects of higher percent of urbanization from the 

reaches by analyzing regression residuals, the unexplained changes is not 

significantly related to results of urbanization.  

 

Conclusion and Recommendations 

This study established that the development of urban Maiduguri has greatly 

altered the channel morphologies of River Ngadda channel that are 

experiencing different stages of urbanization (urban, semi-urban and rural 

segments), except where channelization directly altered the fluvial system. 

Findings also revealed the entrenched nature of the Ngadda River channel 

between the perturbed urban reach and unmodified rural reach. The statistical 

analysis revealed that urbanization does not explain any morphological changes 
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in the downstream direction for rapidly urbanizing portions of the watershed. 

Some unexplained variation remains among the three reaches in terms of 

downstream trends in mean bankfull depth, bankfull width, bankfull area and 

wetted perimeter.  

This natural variability is not explained by the changing degree of urbanization. 

Because urbanization does not explain the natural variability among the reaches, 

hence, the need for further research is advocated on understanding the 

variability in responses within and between physiographic provinces in the 

evaluating the combined impacts of land-use change. The government should 

embark on establishment of shelter belts that will encourage infiltration in urban 

areas and to reduce rapid flows into the existing river channel. Due to the lack 

of waste collection and management systems, urban wastes are disposed 

particularly in streams, gutters and culverts. Hence, the need for waste 

collection and disposal; maintenance and widening of waterways to ready them 

for the water loads in the rainy season; and the encouragement of communal 

action in sanitation and clean-up campaigns. 
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