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ABSTRACT 
 

A linear regression model for predicting runoff from daily rainfall was developed for rainwater 
harvesting in the northeast arid region of Nigeria. A deterministic model, EUROSEM, was used 

to partition rainfall into infiltration, surface detention and runoff. High resolution rainfall data 
collected over three years for seven areas within the northeast arid region was used by the 

EUROSEM model to predict runoffs from individual storms. The runoffs predicted by the model 

were plotted against their respective rainfall events and regression was performed to obtain a 
linear relationship. The linear model thus obtained was y = 0.44x + 16. The result indicated that 

runoff coefficient and threshold value obtained from the linear relationship were 0.44 and 16 mm 
respectively. The predictions by the model were compared with that estimated by the Soil 

Conservation Service (SCS) Curve number (CN) method. Compared to the CN model estimates, 

the developed linear model produced very similar estimates of runoff. This indicates that the 
model developed can be used to make estimates of runoff resulting from individual rainfall events 

for the purposes of designing simple structures such as bunds for water harvesting in the arid 

region of northeast Nigeria. 
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1. INTRODUCTION 
 

Runoff is a term used to describe the water 

from rain, snowmelt or irrigation that flows 

over the land surface and is not absorbed 

into the ground; instead it flows into 

streams or other surface waters or land 

depressions. Estimates of proportion of 

rainfall that runs off as a function of rainfall 

amount and soil properties are useful for 

many purposes. Some of the uses of such 

estimates include estimation of effective 

rainfall available to crops (USDA, 1986), 

catchment yield and soil loss due to erosion 

(Gordon et al., 2008).  

There are several methods of estimating 

runoff from rainfall. The methods range in 

complexity from simple empirical 

relationships to very complex models that 

require information on many parameters and 

variables. While empirical models embody 

no scientific theories and do not explain the 

operative processes, they however, have 

predictive capabilities. They depend upon 

establishing a statistical correspondence 

between input and output and include a 

number of successful approaches such as 

extreme frequency analysis and regression 

analysis (Diskin, 1970). On the other hand, 

deterministic models such as GSSHA 

(Downer et al., 2006), KINEROS2 (Al-

Qurashi et al., 2008) and SHE (Abbott et 

al., 1986) are usually process-based or a 

combination of process-based and empirical 

relationships. Both KINEROS2 and SHE 

models use fine time intervals and include 

detailed representation of catchment 

hydrological processes using algorithms 

based on physical laws of science. They 

route the excess rainfall over the catchment 

by simultaneously solving the equations of 

continuity and discharge equation for 

predicting the movement of runoff within 

the catchment and eventually to the outlet. 

Owing to difficulties generally associated 

with estimating their parameters, process-

based models have been of limited value in 
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practical applications especially in 

developing countries where there are a 

dearth of data and lack of resources. 

Rainfall data available in the north east arid 

zone are mostly 24-hour total and therefore 

lack the resolution needed for accurate 

estimates of runoff by process-based 

models. 

Existing simple procedures for daily 

estimation of runoff do not include 

consideration of variation of rainfall 

intensity. The soil conservation curve 

number (CN) model (USDA, 1986) for 

example, is a widely used method for 

estimating runoff from total daily rainfall 

using soil conditions but does not consider 

intensity of the rain. It is the objective in 

this study to develop a rainfall-runoff model 

suitable for water harvesting in semi-arid 

North East Nigeria. 

 

2. MATERIALS AND METHOD 

 

2.1 Overview of EUROSEM model 

 

The European Soil Erosion Model 

(EUROSEM) is physically-based, 

distributed computer simulation software 

for erosion developed by Morgan et al. 

(1998). EUROSEM simulates runoff on a 

surface using the runoff generator of the 

KINEROS model (Woolhiser et al., 1990) 

to which it is linked. The model can 

simulate runoff and erosion from single 

plane or element, multiple planes or 

elements and multiple planes and channels. 

The time interval of model operation may 

vary from a few minutes to several hours, 

depending on the storm duration. 

EUROSEM model has a modular structure 

with each module defining a separate 

process.  The different processes 

represented in the model include 

interception of rainfall by plant cover, 

runoff generation as infiltration excess, 

surface runoff, soil particle detachment by 

raindrop impact and runoff, transport and 

deposition of sediment.  

 

The rainfall input to the model is in the form 

of a depth-time step during a storm. The 

infiltration process is modelled using the 

Smith and Parlange (1978) infiltration 

equation. The equation describes infiltration 

capacity as a function of the initial water 

content and the amount of rain already 

absorbed into the soil. When the rainfall rate 

exceeds the infiltration capacity of the soil 

and surface depression storage is satisfied, 

the excess begins to flow down the slope as 

runoff. In EUROSEM, runoff along a slope 

of a plane, rill or channel is routed using the 

kinematic wave approach. The process is 

viewed as a one-dimensional flow process 

described by the Manning’s, Chezzy and 

continuity equations.  

 

The model requires two input files to run: a 

rainfall file that describes rainfall of a given 

storm; and a catchment file that describes 

the catchment characteristics. These files 

describe climate, catchment geometry, 

catchment characteristics and channel 

characteristics.  

EUROSEM gives the output in three file 

options: dynamic, static and auxiliary files. 

The output from the dynamic file is given in 

terms of storm hydrograph, total runoff, 

sediment graph, total soil loss and event 

summary. EUROSEM has been used and 

applied in research and was found to 

simulate processes in a catchment quite 

reasonably (Morgan et al., 1998; Audu, 

1999; Mati, 1999). 

 

2.2 Rainfall data collection 

Rainfall data from seven stations (Table 1) 

in the north east arid region of Nigeria were 

used in the development of the runoff 

model. The data has very fine time 

resolution (30 seconds) for 13 site-years 

collected between 1992 and 1994. The data 

was recorded using automatic raingauges 

(Skye and DIDCOT Instruments). Rainfall 

data for Jawa, Zurkaya and Garin Alkali 

stations were collected using the SKYE 

raingauge and that for Dagaceri, Tumbau, 

Kaska and Fuchimiram stations were 

obtained with DIDCOT raingauge.  
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Also, a 30-year (1961-1990) low resolution 

(daily) rainfall data from manual raingauge 

was obtained from Nguru meteorological 

station (12.53
o
 N, 10.28

o
 E, alt 343 m). This 

low resolution data was analysed in terms of 

its yearly distribution and number of rain 

days per year and compared with the high-

resolution data. 
 

Table 1: Annual rainfall and number of events per year in the 13 site-year period used 

Station Location Year Total rainfall 

(mm) 

Number of rainfall 

events 

Raingauge 

type 

Dagaceri  

 

12.86o N, 10.20o E 

1992 331.5 53 DIDCOT 

Dagaceri 1993 381.7 51 DIDCOT 

Dagaceri 1994 402.6 59 DIDCOT 

Futchimiram  

12.61o N, 12.76o E 

1992 311.0 46 DIDCOT 

Futchimiram 1994 382.9 57 DIDCOT 

Garin Alkali   

 12.53o N, 10.28o E 

1993 402.3 38 DIDCOT 

Garin Alkali 1994 438.2 55 SKYE  

Jawa 12.81o N, 11.04o E 1994 462.0 50 SKYE 

Kaska  

13.24o N, 10.87o E 

1992 257.7 42 DIDCOT 

Kaska 1993 296.1 40 DIDCOT 

Kaska 1994 435.6 50 DIDCOT 

Tumbau 12.00o N, 08.65o E 1992 664.1 55 DIDCOT 

Zurkaya 12.82o N, 11.09o E), 1994 548.2 49 SKYE 

Mean   408.8 49  

Standard 

deviation 

  108.6 7  

 

 

2.2 Rainfall intensity 

The 13 site-year high-resolution rainfall 

data was used for average daily and 30 

minute intensity (I30) analysis. The daily 

storm intensities were calculated from one 

or more rainfall events in a day. Logger 

data were downloaded into spreadsheet 

and then summed up into accumulated 

rainfall to give an increasing function of 

time. Summation of the raw data into 

individual rainfall events was based on two 

parameters given below: 

1) Magnitude - the minimum size of an 

event was set at 0.5 mm. This was 

chosen because rainfall events of less 

than this value is considered trace and 

has few tips (data points). 

2)  Time - the maximum time between 

tips tolerated before initiating a new 

event was set at 10 minutes.  

 

The daily storm intensity (Di) was 

calculated using Equation 1: 

 

;t
i

t

R
D

T
  ... (1) 

 

 

Where: Rt = total amount of rainfall 

received in a day (mm); Tt = total time 

taken during actual rainfall (hr). 

 

The 30-minute period within an event that 

has the maximum depth of rainfall was 

used to calculate the I30 for that event. The 

I30 was only possible with events that 

lasted for not less than 30 minutes. 

 

2.3 Rainfall-runoff model 

Within the limits of time and resources 

available, it was practically difficult to 

obtain sufficient natural rainfall-runoff 

events for the regression analysis. In this 

procedure, a processed-based model, 

EUROSEM (Morgan et al., 1998), was 

employed to partition the fine resolution 

rainfall into infiltration, surface detention 

and runoff. EUROSEM was found to be 

adequate for application in the north east 
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arid region of Nigeria (Audu et al., 2001). 

To be on the same time-scale (daily), the 

high-resolution rainfall data were 

partitioned into daily rainfall events (24-

hour totals). Rainfall events of magnitude 

less than 10 mm are unlikely to produce 

runoff (Audu, 1999) and were therefore, 

not considered. A total of 165 daily storms 

were obtained as a result and therefore 165 

rainfall input files for EUROEM model 

were created. Catchment parameter files 

were also created for the model. The soil 

type for the study area ranges from sandy 

loam to clay loam. Three values for the 

volumetric moisture content of the top few 

centimetres of the soil in the parameter file 

were used. The values were for initial 

conditions of dry, average and wet 

moisture contents. A value of 0.075 for the 

dry initial condition was taken and this is 

the moisture content value midway 

between permanent wilting point (0.13) 

and the minimum possible (0.02) observed 

in the field. For the average initial moisture 

condition, a value of 0.205 was used. This 

is the value midway between moisture 

content at field capacity (0.30) and 

permanent wilting point (0.13). Finally, a 

value of 0.32 representing midpoint 

between saturation and field capacity was 

chosen as the initial wet condition. 

EUROSEM was then run to predict the 

runoff generated with each of the 3 initial 

conditions for all the storms. The predicted 

runoffs were plotted against their 

respective daily storms and regression 

performed using Microsoft Excel to obtain 

a linear model of the form given by 

Equation 2 (Boers, 1994).  

 

 ;R m P C    ...           (2)  

Where; R = runoff depth, mm (R is 
considered zero for rainfall magnitude less 

than the threshold value, C); m = runoff 

coefficient; P = rainfall depth, mm; C = 

threshold value depth, mm. 

 

The developed model was then compared 

with the CN model (USDA, 1972) given 

by Equation 3. The runoffs predicted by 

both models for the three initial conditions 

were compared. 
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Where:  ;254
25400


CN

S
  

R = runoff, 

mm; P = rainfall, mm; S = maximum 

storage, mm; CN = CurvebNumber 

(dependent on the soil condition). 

 

The CN values for the C hydrologic soil 

group for this area were 83, 85 and 90 for 

the chosen three initial conditions of dry, 

average and wet respectively (USDA, 

1986). The prediction by EUROSEM 

model was used as reference for comparing 

the developed and the CN models.  

 

The developed linear model was evaluated 

using the root mean square error (RMSE) 

about the least squares line given by 

Equation 4.  

 

  









21
yx

n
RMSE            (4)     

 

Where:  n = number of observations; x = 

EUROSEM prediction; y = Linear model 

prediction.   

 

 

3. RESULTS AND DISCUSSION 
 

3.1 Rainfall Analysis 

3.1.1 Distribution: Figure 1 shows the 

distribution of the rainfall used in the 

model development. The number of 

stations used had increased the scale of 

time from 3 years (1992-1994) to 13 years 

(Boers, 1994). Considering the end use of 

the analysis, this period is sufficient to 

represent the range of rainfall data 

expected in this area for it to be used in 

micro catchment water harvesting design.  
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Figure 1: Annual distribution of rainfall for 13 site-years 

 

The mean annual rainfall for the 13 site-

years was 408.8mm and the standard 

deviation was 108.6 mm (Table 1). This 

mean value is close to the 30-year (1961-

1990) mean for Nguru station (435mm), but 

higher than the 338.2 mm mean for the 

1981-1991 decade. The 1981-1991 decade 

was the driest amongst the three decades 

(Hess et al., 1996). 

 

More than 95 % of the storms greater 10mm 

were recorded in the months of July, August 

and September, with only about 2% each in 

June and October. Number of rainfall events 

(based on the two parameters defined 

earlier) per year for the period used in this 

analysis is slightly different from the 

number of raindays for the 1961- 1990 

period. The average number of events per 

annum for the 13 site-years was 49 (Table 

1) while the number of raindays for Nguru 

station for 1961-1990 period was 36. The 

maximum and minimum numbers were 59 

and 38 respectively for the data used, and 

for the 1961-1990 the maximum number of 

raindays was 46 and the minimum was 20. 

The standard deviations were 7 and 8 events 

respectively. Average dry spell, defined as 

the average number of dry days between 

raindays, calculated for the 13 site-years 

was 3 days. This is the same with that for 

the period 1961-1990.  

 

Generally, the annual distribution of the 13 

site-year rainfall is sufficiently 

representative considering its similarity with 

the data of 1961-1990 periods and therefore, 

can be used to represent a long period 

(1961-1994) record for the area.  

 

3.1.2 Intensity: Table 2 shows some 

characteristics of the daily storm intensities 

in each month during the rainy season. The 

distribution of the daily storm intensity 

indicates that the storms were higher in 

intensity during the early stages of the rainy 

season. In June the average storm intensity 

was 34.28 mm/h compared to 16.32 mm/h 

in October. However, the maximum and 

minimum of 84.19 mm/h and 4.45 mm/h 

were recorded in August and July 

respectively. Table 3 compares the result of 

both the daily storm intensity and the I30 for 

all the 13 site-years. The average storm 

intensity over the whole 13 site-years was 

22.47 mm/h and its standard deviation of 

12.17 mm/h. For I30, the mean for the 13 

site-years was 53.9 mm/hr and the standard 

deviation was 24.24 mm/hr. 
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Table 2: Characteristics of daily storm intensities (mmh-1) in each month of the rainy season 

 

 June July August September October 

Average intensity 34.28 23.61 21.71 22.30 16.32 

Maximum 40.88 55.68 84.19 40.76 20.66 

Minimum 26.30 4.45 5.95 6.62 9.01 

Count 4 45 82 29 5 

 

 

 
Table 3: Characteristics of daily storm intensity and I30 for the entire 13 site-years (mm/h) 

 Daily intensity I30 

Average 22.47 53.9 

Maximum 84.19 160.4 

Minimum 4.45 25.8 

Standard deviation 12.17 24.24 

 

 

Coefficient of variation of the storm 

intensity over the 13 site-years is about 54% 

and it is nearly the same with that of the I30. 

The overall result of the intensity analysis 

indicates that this characteristic of the rain is 

variable even with as coarse a data as the 

daily storm intensity. It was also observed 

that both the daily storm intensity and the 

I30 were higher during the beginning of the 

rainy season.  

 

3.2 Rainfall-runoff model 

3.2.1 The Threshold value: The least 

squared line fitted through the 165 data 

points of rainfall and runoff gave threshold 

values of 16 mm, 13.6 mm and 10 mm for 

the dry, average and wet initial conditions 

respectively. The drier the assumed soil 

initial condition, the closer is the prediction 

of the linear model to that of the 

EUROSEM model. The dry initial condition 

gave the least root mean squared error of 

3.49 mm. Figure 2 shows the plot with a dry 

initial condition. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Relationship of rainfall and runoff for the EUROSEM and Linear model for dry 

initial condition 
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The threshold value accounts for the initial 

amount of water the soil absorbs plus the 

detention storage if any. Compared to the 

initial abstraction (0.2S) of about 10mm 

from the CN method, the 16mm threshold 

value for the dry initial condition is high. 

On the contrary, Duru and Hjelmfelt (1994) 

reported that on the Ida and Montona silt 

loam soils under dry conditions, the HEC-1 

model predicted that up to 26mm of rainfall 

goes into abstraction before runoff starts. 

Boers (1994) used a value of 6 mm in his 

prediction from Niamey data. The 

assumption of an initial dry condition is 

reasonable considering the 3-day average 

dry spell and the quick rate at which the soil 

dries out. In 3 days without rain, the top few 

centimetres of the soil in this region can dry 

to the assumed 0.075 moisture content 

value. 

 

3.2.2 The runoff coefficient: Runoff 

coefficient takes account of the soil 

infiltration rate and the rainfall rate. The 

developed model assumes an average daily 

intensity for the rainfall of the region. The 

runoff coefficients obtained from the 

regression for the dry, average and wet 

initial conditions were 0.44, 0.49 and 0.58 

respectively. This means that the drier the 

soil, the higher the initial absorption 

capacity of the soil and hence lower runoff 

coefficient value. Diskin (1970) reported 

values for different areas in the USA 

ranging from 0.37 to 0.99. Considering the 

low infiltration of the Niamey soil (1 mm/h) 

and the high intensity nature of tropical 

storms, the value of 0.25 for runoff 

coefficient assumed for predictions by 

Boers (1994) was rather low.  

 

3.3 Comparing the linear model with CN 

model 

The graph of rainfall versus runoff predicted 

by EUROSEM, linear and CN models is 

shown in Figure 3. This is the plot with an 

initial dry soil condition. The plot shows 

that the linear model and the uncalibrated 

CN model give similar predictions of runoff 

especially with storms of magnitude less 

than 45 mm.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Comparison of linear and CN models 

 

The root mean square error between 

predictions of the EUROSEM model and 

those of the linear and CN models are 

presented in Table 4. The errors were 

highest with both models (linear and CN) 

when wet initial condition was used. 

Predictions of both models were closest to 

that of the EUROSEM model with an initial 

dry soil condition. The root mean squared 

errors calculated for the two models were 

respectively 3.49mm and 3.61mm and 

therefore, runoff prediction by the linear 

model is slightly better than that by the CN 

model.  
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Table 4: RMSE of predicted runoff by linear and CN models compared to EUROSEM model 

 

Initial condition Linear model (mm) CN model (mm) 

Dry 3.49 3.61 

Average 3.73 3.95 

Wet 4.3 4.65 

 

 

3.4 Simulations 

 

3.4.1 Predictions by the EUROSEM 

model: It can be seen that the general trend 

of the rainfall-runoff relation is such that 

runoff increases as the rainfall size 

increases. However, the estimated runoffs 

from 34 out of the 165 storms simulated by 

EUROSEM model exhibited some 

inconsistencies as regards the general trend 

of the rainfall-runoff relationship. These 

inconsistencies may be ascribed to the 

nature of the intensities of the storms. At 

one end of the scale are storms with very 

low intensities and at the other end are 

storms with very high intensities. 

Of the 165 storms simulated by EUROSEM 

model, 51 or 31% did not produce runoff, 

out of which 23 were of magnitude greater 

than the threshold value. The 23 storms for 

which EUROSEM predicted no runoff 

(although their magnitudes were higher than 

the threshold value), was due to the fact that 

the intensities of the storms were low 

compared to the absorption capacity of the 

soil during those times. For example, in 

spite of its size (38.4mm), EUROSEM 

predicted no runoff for the rainfall of 

03/08/94 for Jawa. This rain fell in over 20 

hours with an I15 of about 42 mm/hr that 

was recorded in the first 15 minutes of the 

start of the rain (Figure 4). During the rest 

of the rain period, the intensity was far 

lower, and in particular the intensity was 

nearly zero between the third and twelfth 

hours of the storm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Intensity distribution of the rainfall event of 03/08/94 at Jawa 

 
On the other hand, 49 or 30% of all the 

rainfall events were less than the 16 mm 

threshold value, out of which 10 produced 

runoffs. The reason why such rains of low 

magnitude but still produce runoff is that 

their high instantaneous intensities leave 

very little opportunity for infiltration. The 

Kaska rainfall of 01/09/94 is an example of 

such storms. The total depth of the storm 

was 10.7 mm and was recorded in 25 

minutes. About 85 % of the storm fell in 

just 8 minutes within which the intensity 

reached a peak of 120 mm/h for about 2 

minutes (Figure 5). The rainfall rate during 

that time far exceeded the infiltration 

capacity of the soil. 
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Figure 5: Intensity distribution of the rainfall event of 01/09/94 at Kaska 

 

Despite the runoff generating capabilities of 

such high intense but small storms, the total 

runoff resulting from them are usually small 

because of their size. Of the 10 small storms 

from which EUROSEM model predicted 

runoff, only one generated 2 mm of runoff, 

four generated between 1 and 2 mm of 

runoff and five yielded less than 1 mm of 

runoff. Therefore, the value of 16 mm 

obtained for the threshold value was 

realistic.  

 

3.4.2 Predictions by the Linear model: The 

linear model predicted that 11 storms (6.7 % 

of the total number of storms) generated 

runoffs of magnitude outside the 95% 

confidence interval of the model. All the 11 

storms had intensities outside the 95% 

confidence interval as far as the data for the 

period used for the study is concerned.  

The storms of 11/09/94 for Dagaceri and 

that of 03/08/94 for Jawa again are 

examples for the two opposite ends 

respectively. The EUROSEM model 

predicted 10 mm of runoff as a result of the 

22.8 mm storm for Dagacheri, while the 

linear model estimated only 3 mm of runoff.  

This can be explained by the distribution of 

the rainfall during the storm. About 94% of 

the Dagacheri rain was recorded in 45 

minutes with an I15 of 72 mm/hr reaching a 

peak of 106.5 mm/hr for 4 minutes. 

EUROSEM responded well to the high 

intensity rain, but this was outside the scope 

of the LINEAR model and therefore, it 

underestimated the runoff by about 70%. On 

the other end of the spectrum, the LINEAR 

model predicted 9.8 mm of runoff from the 

38.4 mm Jawa storm, while EUROSEM 

predicted no runoff due to the low intensity 

of this high amount of rainfall. 

 

3.4.3 Monthly distribution of runoff 

predicted by EUROSEM and linear 

models: The total monthly distribution of 

rainfall and their corresponding runoffs for 

the entire 13 site-years as predicted by 

EUROSEM, linear and CN models are 

given in Table 5. Proportionate to the 

monthly amounts of rainfall, the runoffs 

were mostly in the months of July, August 

and September as predicted by all the 

models. The values range from 0.5 mm for 

October to 345.9 mm for August from 

EUROSEM model, 4.3mm for October to 

350.1mm for August from the linear model 

and 4.4mm for October to 332.8mm for 

August from the CN model.  

Both the linear and CN models under-

predicted the runoff for the months of June 

and July and over-predicted for the month 

of October. The disparities between the 

predictions of EUROSEM model and that of 

the two models again may be explained on 

the basis of storm intensity variations. 

Unlike EUROSEM, the linear and CN 

models are not process-based models. The 
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high and low storm intensities observed for 

the early and late rains respectively, were 

reflected in the predictions of EUROSEM 

model, whereas the linear model assumes 

average storm intensity for the entire season 

and the CN model takes no consideration of 

intensity. Predictions by all the models were 

similar for the months of August and 

September. The intensity of the storms in 

the months of August and September were 

generally near the average for the entire 

season and therefore, the runoff predictions 

by the two models were close to that by 

EUROSEM model. 

 
Table 5: Monthly distribution of rainfall and runoff as predicted by EUROSEM, linear and CN models 

 

Month Rainfall amount (mm) Runoff (mm) 

  EUROSEM Linear CN 

June 82.9 15.0 11.7 9.9 

July 1046.8 187.1 158.7 151.5 

August 2019.1 345.9 350.1 332.8 

September 643.6 89.9 101.3 98.1 

October 82.5 0.5 4.3 4.4 

Total 3874.9 638.4 626.1 596.7 

 

Total runoff predicted by the linear model 

over the whole season (626.1mm) is close to 

that predicted by the EUROSEM model 

(638.4mm). This is because the average 

intensity assumed in the linear model 

evened out the disparities of the early and 

late months. 

 

4. CONCLUSION 
 

A linear regression model for predicting 

runoff from daily rainfall was developed for 

rainwater harvesting in the northeast arid 

region of Nigeria. Runoff coefficient and 

threshold value obtained were 0.44 and 16 

mm respectively. The Linear model predicts 

runoff slightly better than the CN model 

when compared to the predictions by 

EUROSEM. The RMSEs from the 

EUROSEM model were 3.49 mm and 3.61 

mm for the Linear and CN models 

respectively. The simplicity and ease with 

which the linear model can be used places it 

at a slight advantage over the CN model in 

this area. However, the developed linear 

model can only be used in northeast Nigeria 

from where soil and rainfall data were 

gathered and used in its development. 
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