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ABSTRACT 

 
Maximum utilization of power and machinery requirement for farm production system depends on the accurate 

information on suitable field workdays. This study focused on determining the accuracy and performance of the 

computer based suitable workdays model developed for estimating the available workdays for tillage operations in the 
selected locations in Northern part of Nigeria. Normally, amount of moisture stored in the soil and rainfall amount 

were the criteria used for segregating the good and bad tillage workdays. Based on these criteria, field soil moisture 

monitoring was conducted for period of 30 days during rainy season and recorded as the field measured soil moisture 
data. Also, five (5) years (2008-2012) rainfall data were collected from the IAR meteorological station and used as the 

field measured rainfall data. The simulated soil moisture and rainfall values using the computer based suitable 
workday’s model and the field measured soil moisture and rainfall data were subjected to statistical analysis. Field 

measurements of soil moisture were conducted and the results were used to evaluate the performance of the SFWD 

computer model developed. The results were subjected statistical analysis and results show that the R
2
, RMSE, CRM, 

and EF were 0.9297, 0.138, 0.031 and 0.797 or 79.7% respectively for the comparison of the simulated and observed 

soil moisture. The result of the paired t-test shows that the differences were not significant at 5% probability level. The 
simulated rainfall amount fit best with the 2010 rainfall data with R

2
, RMSE, CRM and EF value of 0.8699, 0.3411, 

0.0005 and 0.7125 respectively. Generally, the differences in the simulated and measured rainfall of year 2008 to 2012 

were not significant at 5% level of probability. The study guides farm machinery managers in making wise decisions 

with respect to when, where and how to perform desired operations. 

 
Keywords— Suitable workdays, soil moisture, weather, simulation, rainfall, computer based model and performance 
evaluation.  

 

1  INTRODUCTION 
 

Many researchers have used computer simulation to 
model the relationships among the variables that 
determine the suitability of a day for field operations 
and estimation of suitable workdays. These were based 
on soil-moisture balance and tractability condition. 
Over two decades from the mid-1960s to the mid-
1980s, considerable effort was given to gathering 
information on the day’s suitable for agricultural 
operations (Rotz and Harrigan, 2005). The 
methodology used were similar in that soil moisture 
was tracked and some critical soil moisture condition 
was set to determine whether a given field operation 
could be performed on a specified day (Edward and 
Hannah, 2007; Griffin, 2009; Gwarzo, 1990; Moriasi et 
al, 2007; and Rotz and Harrigan, 2005). The accuracy 
of these information generated by the models determine 
its reliability and usefulness. However, comparison of 
model based and measured values arise frequently in 
agricultural research.  A  simulation model predicting 
yield from weather or soil data can be compared with  
actual  yield  measurement  and  these  assess  the  
model’s accuracy and merit (Karrppinen et al, 2000). 

Similarly, after a model has been developed using one 
data set, its output may be compared with a different set 
of data to evaluate its performance and validation. One 
simple statistic for assessing a model’s merit or 
accuracy is the correlation coefficient (R) between the 
predicted data and measured data (Huge et al, 2003). It 
indicates the degree of similarities between the 
observed and simulated data. Karppinen et al. (2000) 
established the usefulness of the Index of Agreement or 
the Model Efficiency (d), in determining the overall 
accuracy of model prediction as it gives the degree to 
which model predictions are error free. The 
performance evaluation of any model gives its degree 
of reliability and accuracy. Information on accuracy 
and performance of the model guide farmers/users to 
quantify level of risk and confidence while making 
decision on scheduling of agricultural field operations. 
The main objective of this study was to evaluate the 
performance and accuracy of the computer based 
suitable field workdays model using some selected 
statistical evaluator.  
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2 MATERIALSAND METHODS 

 
 

2.1 Study Area 
The model was developed to estimate suitable field 
workdays for agricultural machinery tillage operations 
in Dogarawa, Giwa, Samaru and Shika. The areas are 
situated in the Northern Guinea Savannah ecological 
zone of Nigeria with altitude of 686 m above sea level. 
The region have three distinct seasons; namely the hot 
dry season from March to May, the warm rainy season 
from June to October, and a cool dry season from 
November to February with an average relative 
humidity of 36.0% during the dry season and 78.5% for 
the wet season and average minimum temperature of 
15

o
C and maximum of 38.5

o
C (NCAT, 2008). 

2.2 Model Description 
 
The computer programme developed is a Dynamic-
Application written in Hypertext Preprocessor (PHP) 
language for predicting rainfall occurrence, rainfall 
amount and soil moisture. The programme database 
was developed using the MySQL such that Wamp-
Server hosts the written programme, 30 years climatic 
data, the images and the mathematical equations which 
were designed to follow a predefined algorithm to 
accomplish a specified task. 
2.3 Computer Implementation  
The Wamp-Server creates a folder in the drive ‘C’ 
named ‘www’. Actuate the “localhost” using the 
browser then select the suitable workdays programme 
hosted in the Wamp-Server. An interface would pop up 
requesting for an input data to login, this is after 
creating an account in the data base. 
Input data are location (Dogarawa, Giwa, Samaru, and 
Shika), specific day of the year, soil type and other 
inputs which were optional are irrigation amount, 
capillary rise and crop coefficient. These inputs data 
actuate simulation of climatic data of the specified day 
from the data base. It proceeds to estimate the climatic 
information (relative humidity, temperature, sunshine 
hour, radiation, wind speed and vapour pressure.) of the 
specified day using the 30 years climatic data stored in 
the data base. 
The simulated values of temperature, relative humidity, 
air speed, rainfall and sunshine hour are used to 
estimate the potential evapotranspiration, rainfall 
amount, runoff, deep percolation and soil moisture 
content as indicated below; 

2.4 Climatic Data Analysis 
The climatic data of the studied areas were processed 

using the computer program. The program was written 

in Hypertext Preprocessor (PHP) programming 

language using Dream-weaver. This package uses the 

written programme, climatic data stored in the database 

(Wamp-Server), soil types, Field Capacities, Plastic 

limits, z-table and the coded mathematical equations in 

the program scripted to analyze the specified task 

inputted. The climatic data are analyzed as follows; 

 

2.4.1 Potential evapotranspiration (ETO): FAO 

Penmann-Monteith Model was used to determine the 

potential evapotranspiration. The computations were 

completely based on the meteorological data collected 

form IAR meteorological unit. The required climatic 

data for the computation of ETo were as shown in the 

equation 1 shown below which were simulated from the 

30 years climatic data stored in the data base adopted 

from Usman, 2011; 
 
 

    
 

               
   

      
           

              
   .… (1) 

 
 
Where: R = net radiation, MJm

-2
day

-1
; G = soil heat 

flux, MJm
-2

day
-1

; T = air mean temperature, 
o
C; U = 

wind speed, ms
-1

; es = saturation vapour pressure, kPa; 
ea = actual vapour pressure, kPa; Δ = slope vapour 
pressure curve, kPa/°C; γ = psychometric constant, 
kPa/°C;   Specified number of day.  

 

2.4.2 Rainfall amount: The rainfall data were processed 

by the DreamWeaver-WampServer using the rainfall 

Normal Distribution Model to give the estimated 

rainfall amount on a specified day, n. The model 

involves taking the average sum of the rainfall amount, 

their standard deviation and the corresponding z value 

defined by the probability of rainfall Occurrence. The 

rainfall normal distribution shown in equation 2 was 

used for estimating rainfall amount; 

 
      

     
   …. (2) 

 

Where: Pn = estimated rainfall amount, mm;  = 

rainfall mean value, mm;  = deviated rainfall value, 

mm; z = z value read from normal distributed table; n= 

specified day 
 

2.4.3 Rainfall occurrence,     : The concept of 

probability of rainfall occurrence shows the tendency of 

raining on a particular day. In this study, the 

probabilities of rainfall occurrence were estimated 

using thirty (30) years rainfall data. The probability of 

rainfall occurrence on a particular day is simply the 

ratio of number of rainy days of the specified day, n, to 

the total number of the specified day (30). The value of 

the probability of rainfall occurrence is used to read the 

normal distribution z-table. Equation 3 gives the 

probability of rainfall occurrence for any particular day; 

 

     
                                           

                               
  …. (3) 
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2.4.4 Determination of runoff, ROn: The surface runoff 

was assumed to occur when precipitation exceeds a 

threshold limit defined by equation 4 (Igbadun, 2006); 
 

    
           

        
 ,   if    Pn > 0.2×S    .… (4) 

 

  
     

  
     

 

ROn= 0    if    Pn ≤0.2×S 

 

Where: S= surface retention capacity, mm; CN= curve 

number; Pn= rainfall, mm 

 

2.4.5 Deep percolation, Dnd: Deep percolation occurs 

only if the soil moisture exceeds the field capacity. 

Deep percolation is considered zero if soil moisture is 

equal or less than field capacity (DSMn-1≤Fc). The 

level of deep percolation was determined using (5); 

 
 

                   ….. (5) 

Where:        = previous soil moisture storage, mm; 
  = field capacity, mm. 
 
2.4.6 Soil moisture level,     : The estimated ETo, Pn, 
ROn, Dn, and SMn-1 are fits into the soil moisture 
balance (as depicted in equation 6) to give the moisture 
stored in the soil on the specified day, n (Gwarzo, 1990; 
and Massey, 2007); 
 
 
                             .... (6) 

 
Where:      =daily soil moisture, mm;   = irrigation 

amount, mm;     = runoff, mm;    = soil moisture 

storage, mm;  n= deep percolation, mm. 

 
Finally, the estimated soil moisture DSMn was 
compared with the established tractability criteria. The 
criteria have both lower and upper limit of tractable soil 
moisture. These limits served as the boundary of 
tractable soil moisture such that soil moisture outside 
these limit tillage operations is not suitable. If the value 
of the estimated SM falls within the set limits, such soil 
is considered tractable and the day is a workday. If the 
SM value is outside the limit then the soil is considered 
non-workable and the day is a non-workday. Figure 1 
shows the programme flow chart which indicates the 
flow of information of the computer model.  
 
2.5 Statistical Indexes for Performance Evaluation 
The model predictive level of accuracy was determined 
using the statistical indices. The performance 
evaluations involves comparing the field measured data 
and the simulated values by the model. The predicted 
soil moisture and rainfall data were used as the bases to 

evaluate the performance of the developed model. 
The observation of the sequential changing in the soil 
moisture started on the 20

th
 June to 19

th
 July, 2012. 

Five (5) samples of sandy-loam soil were collected 
daily from strategic locations in the farm land for a 
period of thirty (30) days. A total of one hundred and 
fifty samples were collected and moisture content of the 
collected soil samples were determined gravimetrically 
and recorded. The average moistures content were 
taken and used as the field measured soil moisture. 
The relationships between the simulated SM values and 
the measured SM values were correlated to determine 
the level of similarity using the coefficient of 
determination, R

2
, depicted in equation (7). The 

measured and predicted values of SM were further 
subjected to statistical analysis using the Root Mean 
Square Error (RMSE), Coefficient of Residual Mass 
(CRM) and Modeling Efficiency (EF) as given in (8), 
(9) and (10) respectively. The t-test statistic was used to 
measure the extent to which the variables depart or 
differ from the null hypothesis. This test was conducted 
on the condition that if the calculated t-value of the 
sampled data exceeds its theoretical value, it is said to 
be significant. When test statistic is significant we 
reject the null hypothesis {Ho: µ1= µ2, H1: µ1≠µ2 (or 
µ1˂µ2or µ1˃µ2)}, and accept the alternative 
hypothesis. 
 
Five (5) years (2008, 2009, 2010, 2011 and 2012) 
meteorological data (Rainfall) were collected from IAR 
meteorological station and used as the observed rainfall 
data. Due to the pattern and nature of rainfall data, they 
were grouped into weekly rainfall amount to give a 
better statistical description of the data (Usman, 2011). 
The coefficient of determination between the measured 
and estimated rainfall amount were determined and 
other statistical performance indicators were used to 
evaluate the accuracy of the model prediction. Also, the 
simulated rainfall amount and the measured rainfall 
were subjected to paired sample t-test to determine if 
the deviation between them is significant at both 1% 
and 5% probability levels. 
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The degree of freedom associated with this type of t-

test statistics is 
 

 
            

 

Where: Mi= field observation data; Pi= predicted data; 

n = n1= n2= number of observations;    = mean of the 

measured value. 
 

 
 
 
 
  

  
 

Figure 1. Flow chart model for determination of the suitability of a workday using soil moisture and rainfall as the criteria 
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3. RESULTS AND DISCUSSION 
  
3.1 Soil Moisture Content Predictive Accuracy 
The general performance of the SFWD computer 

model was characterized using correlation based 

statistics, statistical performance indicators and 

statistical paired sample t-test. The results of the 

measured and predicted soil moistures for sandy-

loam soil are as shown in Appendix 1. It presents 

the observed soil moisture from the period 20
th

 

June, 2012 to 19
th
 July, 2012 with the 

corresponding simulated soil moisture values. The 

lowest soil moisture was 59.86 mm and the 

corresponding predicted soil moisture was 63.83 

mm. While the highest measured soil moisture was 

96.62 mm on the 15
th
 July, 2012 and the 

corresponding simulated soil moisture was 92.28 

mm. 

Figure 2 presents the relationship between the 

measured and simulated soil moisture values. From 

this figure, the relationship is linear and the 

discrepancies between the measured and the 

predicted values that occur at some points on the 

curve were not significant 5% level of probability. 

 

 

 

Figure 2: Relationship between the predicted and observed soil moisture 

The R
2
 value for the SM comparison was 0.9297, 

coefficient of residual mass (CRM) was 0.031, the 

root mean square error (RMSE) was 0.138 and the 

model efficiency (EF) was 0.797 (or 79.7 %) as 

shown in Table 1. The correlation or fitness 

between predicted and observed soil moisture 

values was considerably high, 0.9296. Correlation 

shows level of similarities between variables, 

meaning that the simulated SM values and observed 

SM values where 92.96 % similar. Generally, R
2
 of 

estimator above 0.5 is considered acceptable. Even 

though, the correlation based statistics was high, 

essentially the closer the model R
2
 is to 1, the more 

accurate the model is. The model has high accuracy 

as the RMSE value (0.138) tends to zero. Basically, 

RMSE measure how close the model predictions 

comes to the field measured soil moisture values. 

The RMSE was much less than 0.50 and therefore, 

the estimator have high accuracy. The estimator has 

a negligible RMSE, that is, it has a very small bias. 

The CRM value of the estimator was 0.031. The 

calculated CRM was positive and tends to zero, this 

indicates that the soil moisture values where 

slightly underestimated. A perfect estimation is 

obtained if the CRM is exactly equal to zero. The 

model efficiency (EF) estimate the level of 

agreement between the fields measured and 

simulated soil moisture value. The model has 0.797 

(or 79.7 %) model efficiency. The model has 79.7 

% accuracy in simulating soil moisture value of the 

study areas. That is the model has 79.7 % reliability 
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to base the status of the soil in term of moisture level and rainfall occurrence. 

   

 

Table 1: Model Performance Statistics Comparing the Predicted Vs. Observed Soil Moisture              

Data 

Statistical Performance Indicators Values Optimum 

RMSE 0.1380 0.00 

R
2
 0.9297 1.00 

CRM 0.0310 0.00 

EF 0.7970 1.00 

 

Table 2 shows the detail analysis of the t-test 

conducted. The calculated t-value was 

1.556507081, the table t-value was 1.699127027 at 

one tail and 2.045229642 at two tails respectively. 

The calculated t-value was less than the table 

values at 5% level of significant differences. This 

shows that the differences in the measured and 

predicted SM values are not significant. 

 

Table 2: T-Test Analysis for the Measured and Predicted Soil Moisture 

 

  Measured SM Predicted SM 

Mean 82.83866667 81.48034867 

Variance 84.3837223 71.50551869 

Observations 30 30 

Pearson Correlation 0.856370454 

 Hypothesized Mean Difference 0 

 Df 29 

 t Stat 1.556507081 

 P(T<=t) one-tail 0.065217381 

 t Critical one-tail 1.699127027 

 P(T<=t) two-tail 0.130434761 

 t Critical two-tail 2.045229642   

 

3.2 Rainfall Predictive Accuracy; 
Appendix 2 shows the estimated and the measured 
weekly rainfall amounts. From the appendix, it was 
observed that in the first two weeks the estimated 
rainfall amounts were a little overestimated 
compared with the measured data. This is because 
the simulated rainfall amounts were based on the 
previous measured rainfall amounts. However, in 
the subsequent weeks the deviations of the 
estimated rainfall from the measured rainfall 
amounts were not significant. 

 

Figure 3 shows the relationship between the 

estimated and measured rainfall amounts in the 

month of April every year. It was obvious that in 

the first and second weeks of the month, the 

simulated rainfall amounts were slightly high. In 

the first week of year 2008, 28.56 mm rainfall was 

observed while the estimated rainfall was 27.48 

mm. In the second week, 3.78 mm rainfall amount 

was recorded in 2012 but no rainfall recorded in the 

other years while the estimated rainfall was 42 mm. 

In the third week, rainfall was observed in all of the 

years except 2008. The model estimation for the 

third week and the subsequent week were quite 

acceptable when compared with the measured 

rainfall amount for each of the year. In the fourth 

week, 2008 recorded the highest rainfall amount 73 

mm while the estimated rainfall amount was 71.43 

mm. 
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Figure 3: Weekly estimated and measured rainfall in the month of April 

 

Figure 4 shows the estimated and measured rainfall 

amounts in the month of May. In the first week, 

year 2012 had the highest rainfall amount with 

89.17 mm and year 2009 had 78.7 mm. The 

corresponding estimated rainfall amount was 

52.3931 mm which was in the same range with the 

rainfall recorded in year 2008 and 2010 rainfall 

amount. In the third week, the rainfall amount 

recorded in year 2009 was the highest with 67.15 

mm while the rainfall recorded in year 2008, 2010, 

2011 and 2012 were in the same range with the 

estimated rainfall amount with 46 mm. In the fourth 

week 2012 rainfall mark the highest rainfall with 

intensity 72.52 mm next to it was the 2011 rainfall 

amount 61.3 mm while the estimated rainfall 

amount was 46 mm. In this week, the least rainfall 

was observed in year 2009 with 2.66 mm. 

 

 
Figure 4: Weekly estimated and measured rainfalls in the month of May 

 

Figure 5 shows the estimated and measured rainfall 

amount in the month of June. In the first week, 

2012 weekly rainfall amount was 125.72 mm and 

the rainfall amount in the year 2008, 2009, 2010 

and 2011 were in same range with the estimated 

rainfall amount with 75.47 mm rainfall intensity. In 

the second week the rainfall amount 98.98 mm was 

recorded 2010 this mark the highest rainfall amount 

while the estimated rainfall amount was 56.65 mm 

and the least rainfall amount was observed in year 

2009 with 49.56 mm. In the third week the 

estimated rainfall was 66.55 mm while the rainfall 

amount observed in year 2008, 2009, 2010, 2011 

and 2012 were 55.57 mm, 47.54 mm, 53.76 mm, 

75.27 and 56.42 mm respectively. In the fourth 

week, the estimated rainfall amount 73.11 mm, was 
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in the same range with the observed rainfall amount 

in year 2009, 2010 and 2012 except in year 2008 

and 2011. 

 
 

Figure 5: Weekly estimated and measured rainfalls in the month of June 

 

Figure 6 shows the estimated and measured rainfall 

amounts in the month of July. In the first week, 

2010 weekly rainfall amount was 60.62 mm, this 

mark the highest rainfall amount. While the 

estimated rainfall amount was 54.50 mm and the 

least rainfall amount was 40.32 mm observed in the 

year 2011. In the second week, the 2010 rainfall 

amount was 90.58 mmm while the estimated 

rainfall was 59.88 mm and the least amount was 

41.44 mm in the year 2012. In the third week, 

123.76 mm weekly rainfall was recorded in 2011 

while the estimated rainfall amount was 71.39 mm 

and the least rainfall amount was 57.20 mm in the 

year 2008. In the fourth week both the estimated 

and 2011 rainfall amount are almost equal with 

80.09 mm and 80.50 mm respectively. While the 

least recorded rainfall 50.82 mm was observed in 

the year 2008.  

 

 
 

Figure 6: Weekly estimated and measured rainfalls in the month of July 

Figure 7 shows the estimated and measured rainfall 

amount in the month of August. In the first week, 

90.98 mm, 89.60 mm, 65.34 mm and 75.11 mm 

rainfall amount were recorded in year 2008, 2009, 

2010 and 2011. The least rainfall was observed in 

year 2012 with 37.38 mm and the corresponding 

rainfall amount estimated was 70.01 mm. In the 

second week, 127.56 mm weekly rainfall was 

recorded in 2009 this mark the highest rainfall 

amount and the estimated rainfall amount was 80 
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mm. In the third week, the estimated rainfall 

amount 63.54 mm was in same range with the 

rainfall amount in year 2009 and 2011. In the fourth 

week, considerable high rainfall was observed. The 

simulated value was slightly underestimated. 

103.18 mm, 263.06 mm, 80.94 mm, 103.74 mm 

and 70.75 mm weekly rainfall amount were 

observed in the year 2008, 2009, 2010, 2011 and 

2012 respectively. While the estimated rainfall 

amount was 75 mm but the least rainfall was 

observed in the year 2012. 

 

 
 

Figure 7: Weekly estimated and measured rainfalls in the month of August 

 

Figure 8 shows the estimated and measured rainfall 

amount in the month of September. In the first 

week, 125.12 mm was recorded in 2012 while the 

estimated rainfall was 73.47 mm and the least 

rainfall amount was 54.74 mm observed in the year 

2008. In the second week, 129.92 mm weekly 

rainfall amount was recorded in year 2008 and this 

mark the highest rainfall amount. The estimated 

rainfall amount was 70.86 mm and the 86.38 mm, 

90.02 mm, 69.99 mm and 85.46 mm rainfall 

amount were observed in year 2009, 2010, 2011 

and 2012 respectively. In the third week, the 

estimated rainfall amount 62.19 mm rainfall 

amount was in the same range with the observed 

rainfall in year 2008, 2009, 2010, 2011 and 2012. 

In the fourth week, 2008 recorded the highest 

rainfall amount 80.44 mm while the estimated 

rainfall was 62.31 mm and the least rainfall was 

49.98 mm in the year 2010. 

.  

Figure 8: Weekly estimated and measured rainfalls in the month of September 
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Figure 9 shows the estimated and measured rainfall 

amount in the month of October. In the first week 

90.86 mm was recorded in 2009 and the estimated 

rainfall was 52.94 mm while the least rainfall 

amount was 44.8 mm in the year 2011. In the 

second week 2011 has no rainfall but the highest 

rainfall was recorded in 2008 with 60.90 mm while 

the estimated rainfall was 49.52 mm. In the third 

week, the highest rainfall amount was recorded in 

2008 with 89.04 mm. while the estimated rainfall 

amount was 57.57 mm and 65.23 mm, 45.78 mm, 

48.58 mm 67.36 mm were recorded for year 2009, 

2010, 2011 and 2012 respectively. In the fourth 

week, 95.33 mm weekly rainfall was observed in 

year 2009. This mark the highest rainfall amount 

recorded. The estimated weekly rainfall amount 

56.67 mm was in the same range with 2008 and 

2011 rainfall amount. 

 

 
 

Figure 9: Weekly estimated and measured rainfalls in the month of October 

 
The results of the statistical analyses were shown in 
Table 3. From the table the estimated rainfall have 
highest correlation with the 2010 rainfall with R

2
 of 

0.8699. The 2011 rainfall have the least correlation 
with the estimated rainfall with R

2
 value of 0.6508. 

The values of the Root Mean Square Error (RMSE) 
indicate the degree of bias in estimating rainfall 
amount; the least RMSE of 0.3411 was recorded for 
2010 rainfall when compared with the estimated 
rainfall while the 2009 rainfall recorded the highest 
with 0.6114. The value of the Coefficient of 

Residual Mass (CRM) for the 2010 rainfall 
compared with the estimated rainfall was 0.00053 
which equally recorded the least CRM. From the 
table, 2009 rainfall was observed to have the 
highest CRM with 0.1257.  The highest Model 
Efficiency (EF) was 0.7125 recorded when the 
estimated rainfall was compared with the 2010 
rainfall. Based on this results presented above, the 
estimator predicted the 2010 rainfall data more 
accurately than the 2008, 2009, 2011 and 2012 
rainfall data. 

 

Table 3: Summary Result of the Statistical Analysis of the Model Accuracy 

 

Statistical Performance Indicators for Predicted/Measured 

Rainfall Data 

Rainfall Data R
2
 RMSE CRM EF 

2008 Rainfall  0.7989 0.3634 0.0236 0.6519 

2009 Rainfall 0.7729 0.6114 0.1257 0.5837 

2010 Rainfall 0.8699 0.3411 0.0005 0.7125 

2011 Rainfall 0.6508 0.4520 -0.0593 0.5932 

2012 Rainfall 0.6837 0.4800 0.0093 0.5877 

 

The coefficient of determination and the model 

efficiency are quite high, but preferably the model 

prediction is more accurate as the R
2
 and EF tends 

to 1. In this study both the RMSE and CRM are 

approximately zero; these measured the level of 

bias. The values of RMSE and CRM for a perfect 
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prediction will be equal to zero. The result of 

RMSE and CRM analyses for comparing the 

estimated rainfall and the 2010 rainfall were 0.3411 

and 0.00053 respectively. These are quite low and 

within an acceptable range. From these results, the 

CRM values for the comparison of the estimated 

rainfall and the 2008, 2009, 2010 and 2012 rainfall 

were positive values but all tends to zero. These 

indicated that the simulated rainfall values were 

slightly under estimated. The CRM value for 2011 

comparison was negative value; this indicates a 

tendency of overestimation. Statistical paired 

sample t-test was conducted to determine if the 

differences in the simulated and measured values 

are significant or not significant. The details of the 

statistical paired sample t-test for each of the year 

of comparison are shown in Appendix 3. The result 

of the t-test shows that the differences in the 

simulated rainfall and the measured rainfall in year 

2008, 2009, 2010, 2011 and 2012 were respectively 

not significant at 5% probability level. 

 

4. CONCLUSION 

 
 
The performance and accuracy of the computer 

based suitable field workdays model were 

evaluated using the selected statistical tools. The 

statistical correlation of determination (R
2
) between 

the simulated and measured soil moisture was 

0.9296 with non-significant level of bias (Root 

Mean Square Error), 0.1380. Based on this, the 

information generated by the SFWD model has 

92.96 % reliability. Also, the simulated rainfall 

amount fit best with the 2010 rainfall data with R
2
, 

RMSE, CRM and EF values of 0.8699, 0.3411, 

0.0005 and 0.7125, respectively. Generally, the 

differences in the simulated and measured rainfall 

of year 2008 to 2012 were not significant at 5% 

level of probability. 
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Appendix 1: Field Measured Average Soil Moisture and the Corresponding Simulated Soil Moisture 

 

 

Samples Date SM, g/g 

Depth of 

soil, mm 

Average measured 

soil moisture Changes 

Predicted 

SM 

 

  

 1 20/06/2012 0.1995 300 59.86 63.83494  

 2 21/06/2012 0.2025 300 60.77 64.58175  

 3 22/06/2012 0.2350 300 70.52 68.80812  

 4 23/06/2012 0.2458 300 73.75 71.48373  

 5 24/06/2012 0.2173 300 65.21 71.02625  

 6 25/06/2012 0.2673 300 80.19 73.00200  

 7 26/06/2012 0.2751 300 82.53 76.21781  

 8 27/06/2012 0.2602 300 78.07 72.55971  

 9 28/06/2012 0.2675 300 80.26 74.59793  

 10 29/06/2012 0.2805 300 84.15 78.20644  

 11 30/06/2012 0.2794 300 83.83 77.91430  

 12 1/7/2012 0.2707 300 81.22 79.20326  

 13 2/7/2012 0.2875 300 86.27 80.18338  

 14 3/7/2012 0.2965 300 88.95 82.67226  

 15 4/7/2012 0.3042 300 91.27 84.82708  

 16 5/7/2012 0.3057 300 91.72 85.24904  

 17 6/7/2012 0.2637 300 79.11 89.79649  

 18 7/7/2012 0.2766 300 82.99 84.68712  

 19 8/7/2012 0.2794 300 83.83 85.55050  

 20 9/7/2012 0.3022 300 90.67 92.52076  

 21 10/7/2012 0.3032 300 90.98 92.83932  

 22 11/7/2012 0.2899 300 86.99 88.76877  

 23 12/7/2012 0.2780 300 83.41 85.12019  

 24 13/7/2012 0.3025 300 90.76 85.76217  

 25 14/7/2012 0.3113 300 93.41 87.11024  

 26 15/7/2012 0.3221 300 96.62 92.28358  

 27 16/7/2012 0.2953 300 88.59 92.34922  

 28 17/7/2012 0.2691 300 80.72 85.84747  

 29 18/7/2012 0.3005 300 90.16 89.62577  

 30 19/7/2012 0.2945 300 88.35 87.78086  

        



ISSN: 2449 – 0539 
BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.12 NO.1, FEBRUARY, 2017 

 

Also available online at www.bayerojet.com                   64 
 

 
 
 

 

Appendix 2: Weekly Estimated Rainfall Amount and the Selected Measured Rainfall (2008, 2009, 2010, 

2011 And 2012 Rainfall) 

 

 

Number 

of week 

 

Month 
Estimated 

weekly rainfall 

data 

2008 weekly 

rainfall data 

2009 

Weekly 

rainfall 

data 

2010 

Weekly 

rainfall 

data 

2011 

Weekly 

rainfall 

data 

2012 

Weekly 

rainfall 

data 

1 April 27.4750 28.56 0 0 0 0 

2 42.0467 0 0 0 0 3.78 

3 46.9757 20 45.6 56.02 60.31 40.6 

4 71.4312 73.08 68.32 35.14 2.52 0 

5 May 52.3931 40 78.7 47.88 10.92 89.17 

6 50.1092 39.32 49.23 62.86 46.2 60.2 

7 45.5155 35.9 67.15 55.65 46.02 56.78 

8 46.4648 35.65 2.66 40.06 61.18 72.52 

9 June 75.4728 61.04 63.57 70.66 71.4 125.72 

10 56.6478 90.72 49.56 98.98 72.38 91.98 

11 66.5460 55.57 47.54 53.76 75.27 56.42 

12 73.1119 49 66.78 80.26 54.74 83.3 

13 July 54.5033 48.4 48.16 60.62 40.32 45.75 

14 59.8839 65.38 41.44 90.58 54.6 59.56 

15 71.3867 57.2 98.42 91.42 123.76 47.46 

16 80.0870 65.45 75.45 50.82 80.5 92.54 

17 August 70.0066 90.98 89.6 65.34 75.11 37.38 

18 80.5908 75.68 127.56 57.54 91.64 64.82 

19 63.5417 100.46 68.74 105.42 60.48 100.25 

20 72.8113 103.18 263.06 80.94 103.74 70.75 

21 September 73.4714 54.74 80.15 68.21 98.73 125.12 

22 70.8624 129.92 86.38 90.02 69.99 85.46 

23 62.1906 85.26 79.41 71.82 56.76 79.33 

24 62.3160 80.44 51.1 49.98 56.42 50.26 

25 October 52.9384 46.51 90.86 50.26 44.8 65.38 

26 49.5216 60.9 35.96 47.74 0 36.54 

27 57.5728 89.04 65.23 45.78 48.58 67.36 

28 56.6663 50.98 95.33 50.93 90.62 0 

Total 1692.5410 1733.36 1935.96 1678.69 1596.99 1708.43 
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Appendix 3: Result of the t-Test Analysis of the Model Performance; 

t-Test: Paired Two Sample for Means (Simulated 

rainfall/2008 rainfall 

 

     Estimated Rain 2008 Rainfall 

Mean 60.447875 61.90571429 

Variance 164.4242774 790.0996995 

Observations 28 28 

Pearson Correlation 0.598911334 

 Hypothesized Mean Difference 0 

 Df 27 

 t Stat -0.337384494
NS

 

 P(T<=t) one-tail 0.369217972 

 t Critical one-tail 1.703288446 

 P(T<=t) two-tail 0.738435944 

 t Critical two-tail 2.051830516   

 

 

 

t-Test: Paired Two Sample for Means (Simulated 

rainfall/2010 rainfall  

 

     Estimated Rain 2010 Rainfall 

Mean 60.447875 57.03535714 

Variance 164.4242774 1043.154559 

Observations 28 28 

Pearson Correlation 0.898358926 

 Hypothesized Mean Difference 0 

 Df 27 

 

t-Test: Paired Two Sample for Means (Simulated 

rainfall/2009 rainfall 

 

     Estimated Rain 2009 Rain 

Mean 60.447875 69.141429 

Variance 164.4242774 2317.6968 

Observations 28 28 

Pearson Correlation 0.572923462 

 Hypothesized Mean Difference 0 

 Df 27 

 t Stat -1.091957876
NS

 

 P(T<=t) one-tail 0.142249958 

 t Critical one-tail 1.703288446 

 P(T<=t) two-tail 0.284499916 

 t Critical two-tail 2.051830516   
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t Stat 0.693701022
NS

 

 P(T<=t) one-tail 0.246897547 

 t Critical one-tail 1.703288446 

 P(T<=t) two-tail 0.493795093 

 t Critical two-tail 2.051830516   

 

t-Test: Paired Two Sample for Means (Simulated 

rainfall/2011 rainfall  

 

     Estimated Rain 2011 Rainfall 

Mean 60.447875 59.95321429 

Variance 164.4242774 621.0845411 

Observations 28 28 

Pearson Correlation 0.550810151 

 Hypothesized Mean Difference 0 

 Df 27 

 t Stat 0.125720701
NS

 

 P(T<=t) one-tail 0.450442247 

 t Critical one-tail 1.703288446 

 P(T<=t) two-tail 0.900884493 

 t Critical two-tail 2.051830516   

 

t-Test: Paired Two Sample for Means (Simulated 

rainfall/2012 rainfall  

 

     Estimated Rain 2012 Rainfall 

Mean 60.447875 61.01535714 

Variance 164.4242774 1144.610515 

Observations 28 28 

Pearson Correlation 0.483722159 

 Hypothesized Mean Difference 0 

 Df 27 

 t Stat -0.100692773
NS

 
 P(T<=t) one-tail 0.460269174 

 t Critical one-tail 1.703288446 

 P(T<=t) two-tail 0.920538349 

 t Critical two-tail 2.051830516   

 

NS= Not Significant, df = Degree of Freedom, and P= critical percentage 

 


