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ABSTRACT 

 

Base flow and surface runoff are two important components that sustain a river or stream. Study was 

conducted at the Lower Kaduna river catchment, where Kaduna South Water Works was located in 

Kaduna to estimate the base flow discharge into the Kaduna River. The estimation was done using Local 

Minimum method of hydrograph separation from stream flow discharge data of thirty years (1977-2006). 

The total volume of base flow estimated within the period of study was 2.8240 x 10
11 

m
3
 representing 

15.2% of total stream flow. The year 1984 with lowest stream flow within the reported period has highest 

base flow contribution with a total value of  9.382 x 10
9
 m

3 
representing 34.2% of total stream flow for the  

year, indicating that the river was sustained through by the base flow. The lowest baseflow contribution 

occurred in 2002 with a value of 5.901 x 109 m
3
 (6.1%), while the stream flow was ranked first within the 

period under study. The result was grouped in ten years event, from 1977 to 1986 a sum of 1.084 x 10
11 

m
3
 base flow was estimated (19.45%), while from 1987 to 1996 and 1997 to 2006, 9.121 x 10

10 
m

3 
and 

8.275 x 10
10

m
3
 were estimated representing 14.29% and 12.47% respectively. A downward trend in base 

flow was indicated while stream flow shows an upward trend from the statistical analysis. The research 

provides a frame of reference for the implementation of groundwater protection, uses, and management 

plans.  

 
Keywords:  Lower catchment, Base flow, stream 

flow data, contribution, hydrograph, Kaduna River. 

Significance: The result of this research yields an 

estimate of 

the baseflow contribution to the flow of Kaduna 

River. This gives baseline data for the determination 

of ground water recharge in the area. 
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1. INTRODUCTION 

 

The water that constitutes a river flow consists of 

overland flow (surface runoff) and underground flow 

(base flow) (Linsley et al., 1990). Overland flow 

reaches the river channels after the precipitation has 

satisfied the interflow, interception and depression 

storage (Mutreja, 1992). The excess is accumulated on 

the ground as surface depressions, and then becomes 

overland flow as it begins to move down the slopes 

into the rivers or streams. Base flow sustains river flow 

(Knezek and Krasny, 1990) as well as protects aquatic 

lives, water quality, and quantity (Sinclair and Pitz, 

1999). Metrics of base flow provides useful 

information in analysis of water quantity, quality and 

aquatic habitat (Stricker, 1983).  During the period 

1971-2001 in Coastal Georgia and South Carolina in 

USA, base flow was found to represent a greater 

portion of stream flow during years of lower rainfall 

and a lower portion during the years of higher rainfall, 

with mean of contribution of annual base flow of 39% 

to 79% of stream flow with a mean of 58% (Priest, 

2004). Base flow estimates are affected by regulation 

of flows and physical properties of the basin such as 

vegetation cover, slope, area, shape, land use, soil 

thickness and infiltration capacity as well as 

antecedent soil moisture and depth to groundwater 

(Bevans, 1986; Sloto and Crouse, 1996). Recharge 

varies in response to precipitation, and discharge 

varies in response to leakages to adjacent aquifer, 

withdrawal from wells, and evapo-transpiration from 

shallow unconfined aquifers (Priest, 2004). The deep 

buried aquifer results in lower baseflow contribution to 

a stream (Lylod, 1981; Priest, 2004).  

Alteration of land use, especially the introduction of 

impermeable areas, induces a rapid and increased 

surface run-off and less recharge to base flow. These 

adverse effects are typically found in rapidly growing 

metropolitan areas where infrastructural development 

is lagging behind the pace of urbanization (Lindh, 

1983).  

The dominance of river flow by base flow discharge 

during the dry season period (when water use is 

typically higher and river flow is lower) is an issue that 

needs to be understood for effective surface and 

groundwater resources management.  

 

 

2. MATERIALS AND METHODS 

 

2.1 Study Area 

The study site is the Lower Kaduna Catchment in 

Kaduna South, Kaduna, Kaduna State, Nigeria.  The 

surface area of Lower Kaduna catchment was 

estimated to be 228.83 km
2
.  It is located on longitude 

7
o
18 `N and 10

o
09’S. The catchment is surrounded by 

Middle Kaduna, Sarkin Pawa, Upper Kaduna, and 

Tubo Danmari Catchments. The topography is mostly 

undulated and tilted towards the River Kaduna at both 

sides of the catchment.  Kaduna South Gauge station is 
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located within the catchment and bears the reading of 

flow. Kaduna has moist Savanna climate with annual 

rainfall average of about 1250 mm occurring 

seasonally between March and early October.  The 

Kaduna River is characterized by great seasonal 

fluctuations with peak discharge occurring between 

July and September (Encarta, 2005). Kaduna has an 

annual average temperature of 34
o
C.  The harmatan is 

pronounced from the month of November to January 

with low relative humidity. 

2.2 Data collection and analysis 

Long term, adequate and reliable time series data on 

hydrological variables, either real or constructed, is an 

important pre-requisite for any reliable forecast of 

extreme events in hydrology. Long term daily stream 

flow discharge data collected by the Kaduna State 

Water Board (KSWB) at Kaduna South Gauge station 

were available for the period of 30years. These data 

were collected and screened for outliers and skewness. 

From the 30-year data collected (1977 - 2006), series 

of Hydrographs as exemplified in Figure 1 was 

produced at yearly events.  

 

Figure 1: Hydrograph of the Year 1987 

Local Minimum Method of separation was used for the 

estimation as it has been reported to be the best of the 

methods (White and Sloto, 1990; Bachman, 1998). 

Recession curve representing the end of the direct 

runoff is joined with a straight line on the hydrograph 

to the beginning of the surface runoff. To determine 

the point end of direct runoff, its positions were 

determined using empirical equation defining N, the 

number of days after the peak at which direct runoff 

essentially ends as appropriated by Linsley et al. 

(1992) and expressed as  

  𝑁 =  
𝐴0.2

1.21
         ..               (1) 

Where: A = drainage area (km
2
), N is determined by 

inspection of a number of hydrographs for the basin. 

Ayinla et al. (2013). pp.54-60 



Journal of Engineering and Technology (JET) Vol.8 No.1, February 2013 

 

 

2.3 Estimation of Base flow 

The baseflow was determined using the fixed-interval 

method described by Sloto and Crouse (1996). This 

involved constructing histogram at intervals of 2 days 

and the hydrograph determined by linear interpolation. 

On a typical hydrograph, peaks indicate rapid response 

to the precipitation and represents run-off component 

of the hydrograph. The slope of the stream flow 

recession indicates the ground water discharge to the 

stream and represents the baseflow component. 

 

3. RESULTS AND DISCUSSIONS 

3.1 Results  

The baseflows were computed using the fixed interval 

method and the yearly result and grouped ten years 

events are presented in Tables 1 ans 2 respectively.  

 

 

 

 

Table 1: Estimated base flow contribution into River Kaduna. 

Year Average Annual 

Total rainfall 

(mm) 

Average Annual 

total volume of 

streamflow (m3) 

Average Annual 

estimated volume 

of baseflow (m3) 

Percentage mean 

annual baseflow 

contribution (%) 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

2006 

1024.89 

1596.12 

1128.15 

1224.27 

1321.05 

1086.59 

968.24 

1024.89 

1176.54 

1096.16 

1096.77 

1365.01 

1060.70 

1517.66 

1198.20 

1321.20 

1265.01 

1311.50 

965.50 

1294.60 

1362.50 

1561.50 

1965.01 

1842,01 

1698.01 

1935.01 

1934.01 

2042.01 

1822.01 

1889.01 

 

 

 

5.4234 x 1010 

5.4347 x 1010 

5.3136 x 1010 

6.9298 x 1010 

7.7054 x 1010 

6.0758 x 1010 

4.7592 x 1010 

2.7419 x 1010 

6.0306 x 1010 

5.3136 x 1010 

5.3990 x 1010 

5.645 x 1010 

6.208 x 1010 

6.880 x 1010 

7.937 x 1010 

6.020 x 1010 

6.024 x 1010 

7.089 x 1010 

5.546 x 1010 

7.102 x 1010 

4.757 x 1010 

7.306 x 1010 

7.442 x 1010 

6.162 x 1010 

5.162 x 1010 

9.638 x 1010 

6.004 x 1010 

6.275 x 1010 

7.089 x 1010 

5.553 x 1010 

 

1.0685 x 1010 

9.1625 x 109 

1.2400 x 1010 

1.0428 x 1010 

1.6136 x 1010 

9.677 x 1010 

9.2098 x 109 

9.3820 x 109 

9.2834 x 109 

1.2069 x 1010 

1.275 x 1010 

8.960x 109 

8.500 x 109 

1.181 x 1010 

9.704 x 109 

6.755 x 109 

1.230 x 1010 

7.727 x 109 

8.582 x 109 

6.462 x 109 

8.231 x 109 

9.838 x 109 

1.187 x 1010 

1.489 x 1010 

8.412 x 109 

2.901 x 109 

1.050 x 1010 

1.132 x 1010 

6.390 x 1010 

1.032 x 1010 

19.7 

16.9 

23.3 

15.0 

20.9 

15.9 

19.4 

34.2 

15.4 

22.7 

23.6 

15.9 

13.9 

17.2 

12.2 

11.2 

16.1 

10.8 

15.5 

9.1 

17.3 

13.5 

15.9 

17.2 

14.2 

6.1 

17.5 

15.9 

9.1 

16.2 

Table 2: Ten years grouped baseflow contribution comparison 

Ayinla et al. (2013). pp.54-60 



Journal of Engineering and Technology (JET) Vol.8 No.1, February 2013 

 

 

Year Annual mean 

baseflow (m3) 

Annual mean 

streamflow (m3) 

Percentage of 

contribution 

(%) 

Annual mean 

surface runoff 

(m3) 

1977-1986 

1987-1996 

1997-2006 

1.084 x 1011 

9.121x 1010 

8.275 x 1010 

5.572 x 1011 

6400 x 1011 

6.625 x 1011 

19.45 

14.29 

12.47 

4.488 x 1011 

5.487 x 1011 

5.796 x 1011 

 

3.2 Discussion 

The total volume of base flow contributing into 

Kaduna River for the period of 1977 to 2006 was 

estimated at 2.824 x 10
11 

m
3
 representing 15.2% of 

total stream flow of 1.859 x 10
12 

m
3
. The yearly data 

are presented in Tables 1 and 2. 

Interestingly, the year 1984 with the lowest stream 

flow has the highest
 
contribution of baseflow with a 

value of 9.382 x 10
9 

m
3
,
 
representing 34.2% of total 

the stream flow; whereas the rainfall during the period 

was 3
rd

 lowest within the study period. It could be 

suggested that the base flow sustains the stream flow. 

The lowest contribution occurred in 2002 (5.901 x 10
9 

m
3
) with the percentage contribution of 6.1%, while 

the stream flow during the period was ranked 1
st
 

(9.638 x 10
10 

m
3
), the highest flow within the data. The 

range of percentage contribution was higher from 1977 

to 1990 (within which highest contribution occurred 

with lowest rainfall) than for the range from 1991 to 

2006. This may be implied that impediments of base 

flow are less manifested in the range from 1977 to 

1990 than from 1991 to 2006. Obviously it could be 

because of land use which include building 

construction, drainage construction, road construction 

and others which collect the rainfall and discharge it 

into the channels and formed part of runoff to the 

stream or river.  

The year with highest rainfall (2042 mm) was 2004, 

the stream flow was ranked 10
th
 and base flow (1.132 

x 10
10 

m
3
) was ranked 5

th
 and the percentage 

contribution was 15.9%. The rainfall mostly sustained 

stream flow within this year when compared with the 

base flow and rainfall runoff values. 

For the aquatic ecosystems to survive and water supply 

be adequate, this investigation of relationship of major 

interactive components of the hydrologic cycle, 

namely groundwater and surface water bodies, 

including rivers, streams, and lakes must be 

sustainable. This can be achieved through an optimal 

balancing of competing uses, ensuring that long-term 

deterioration (indiscriminate exploitations) of the 

entire groundwater system must be minimized.  

3.3 Trend Analysis 

Detecting trends in the output or input of a data may 

be useful in decision making at the policy level in 

water resources. Trends analysis was performed on the 

estimated baseflow and the result was shown in Figure 

2. The figure shows the stream flow and baseflow 

trends analysis, the result shows that stream flow 

increased in an upward trend while baseflow increased 

in a downward trend. This is an indication that more 

runoff reaches the stream. 
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Figure 2: Graph showing Stream flow and Base flow Trends 

 

4. CONCLUSION 
 

The total base flow contributed to Kaduna River was 

estimated at 2.824 x 10
11 

m
3
 representing 15.2% of the 

total stream flow of 1.8596 x 10
12 

m
3
. The year 1984 

was found contributing a substantial volume of 9.382 x 

10
9 

m
3 

representing 34.2% of stream flow within that 

year, while the lowest contribution occurred in 2002.
 
 

For the survival of the aquatic, ecosystems and 

adequate water supply the major interactive 

components of the hydrologic cycle, namely 

groundwater and surface water bodies, including 

rivers, streams, and lakes must be sustainable. This can 

be achieved through optimal balancing of competing 

uses and minimizing the long-term deterioration of the 

entire groundwater system.  

It could be concluded that higher percentage 

contribution of base flow into Kaduna River occurred 

within the range of the 1977 to 1990, which probably 

indicated that impediment factors of base flow were 

not as high as present environment.  

The research provides a frame of reference for the 

implementation of groundwater protection, uses and 

management plans. The attributes of sustainable 

development of groundwater resources, such as aquifer 

physical integrity and deteriorating water quality, are 

needs to be protected from the inherent contamination 

vulnerability. These values obtained here are not 

absolutely representing total groundwater contribution  
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