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Abstract  This study re-examined the BMN model making use of the Sigma Plot software (based on the Levenberg – 
Marquardt algorithm) to generate modified versions of the BMN model that are specific for Ibadan, Kano and Onne and one 
version which applicable across the country, correcting some perceived shortcomings of the BMN. Records of climat ic 
variables (So lar radiat ion, Maximum and Min imum Temperature, Maximum and Minimum Relat ive Humid ity and Wind 
speed) were collected from three International Institute of Tropical Agriculture (IITA) Stations in Ibadan, Kano and Onne. 
For Ibadan, a 36-year (1973 – 2008) record was obtained, for Kano, a 29-year (1980 - 2008) record was obtained and for 
Onne, a 31-year (1977 - 2006) record was obtained. Evapotranspiration rates for each of the stations were then estimated 
using the FAO56-PM model. ETo estimates from the FAO56-PM model were thereafter used to recalibrate the BMN model, 
generating new model constants for Ibadan, Kano, Onne and a model combining the climatic characteristics of the three 
stations. The re-calibrated BMN model had h igher correlat ion values of 0.74, 0.79 and 0.75 for Ibadan, Onne and Kano 
respectively when compared with the FAO-56 model than the Original BMN model when compared with the FAO56-PM 
model with values of 0.7, 0.77 and 0.75 respectively for Ibadan, Onne and Kano. 
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1. Introduction 
Water is becoming scarce in many parts of the world, 

Nigeria inclusive. Over the years, it is widely believed that 
climate change will have a significant impact on the 
availability of water. A lot of water is needed for agricultural 
practices and also for domestic purposes. In view of this it is 
imperative to have the knowledge of the rate at  which water 
is being returned to the atmosphere either form water bodies, 
reservoirs, land surfaces and from p lant bodies. This process 
is termed evapotranspiration (ET).  

To determine this rate, different approaches have been 
developed by scholars over the years for its measurement. 
These approaches are the direct and indirect measurements. 
The direct measurement include the use of lysimeters[3], 
energy balance/budget approach[3];[14];[8], the soil water 
budget method[15];[6];[7];[8], use of pan evaporimeters[4];
[18];[10];[20];[19];[13];[9] and the Eddy-Covariance 
method[16];[17]. 

The indirect measurement involves the use of empirical 
models  which  were developed  to  es t imate ET us ing 
meteoro log ical data. These models range from s imple 
expressions which relate ET to temperature or rad iation to  
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models having extensive data requirement. Models can be 
classified under three distinct approaches. They are 
temperature based models which include the Thornthwaite, 
Blaney-Crid le, Blaney-Morin and McCloud models [11]. 
The second approach is the radiation based models. 
Examples of these models are the Turc, Hargreaves, 
Hargreaves-Samani, Priestly-Tay lor and the Makkink 
Formula[2]. The combination method is the third  approach 
and it is based on the original Penman model which consists 
of the radiative and the aerodynamic part. This model has 
been modified over the years because it produces good 
results when applied over different climatic reg ions. One of 
its modification is the FAO56 Penman-Monteith model 
(FAO56-PM) which has been adjudged to be the best 
estimator of Reference Evapotranspiration (ETo) and has 
been adopted as the sole model to be used for the estimation 
of ETo from meteorological data[2];[1].  

Many of these models are subject to local calibration [1], 
especially the temperature and rad iation based models. In 
view of this, a temperature-based model has been developed, 
which has been adjudged to be the best for the Nigerian 
condition by the Nigerian Institute of Agricultural Engineers 
(NIAE), this is the Blaney-Morin-Nigeria (BMN) model 
developed by Duru [5]. This model was developed to make 
ETo estimat ion in Nigeria easier taking into consideration the 
commonly  available meteorological parameters and the 
accuracy of its estimation which is credible. 

In the development of the Blaney-Morin-Nigeria model 
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for estimat ing ET by Duru [5], there were some perceived 
shortcomings which may affect the reliability of its 
estimation in Nigeria. Some of the criticis ms which this 
study is aimed at correcting include;  
• The use of data from a single location in Nigeria for the 

development of the model; 
• The use of a ten-year data for the model development; 
• The choice of pan evapotranspiration estimates as the 

basis for reference (although this was acceptable at that time; 
and 
• The application of manual iterat ion during its 

development which is prone to human error. 
This study intends to re-examine the Blaney-Morin-Niger

ia model with a view to modifying it for improved 
performance across the country and generating location 
specific model constants for Ibadan, Kano and Onne. 

2. Materials and Methods 

2.1. Study Area 

This study covers the whole of Nigeria with  specific   

emphasis on three cities, Ibadan, Kano  and Onne (Figure 1) 
where IITA stations are located. It lies within lat itudes 4oN – 
14o N and Longitudes 2oE – 15o E. 

The country has an estimated population of 138,283,380 
people (2008 estimates, Source: Wikipedia) and a total land 
mass of 923,768km2 (the 32nd largest country in the world) 
with about 1.4% of this land mass covered by water. 

Special emphasis is placed on three location having 
distinct characteristics into which the climat ic and 
agro-ecological conditions of the country can be divided. 
They are: 

i. Onne (4°45′0″N, 7°00′0″E); near Port Harcourt having 
a humid climate characterized by swamps, heavy rainfall and 
mangrove forests. The region’s soil is Thionic Fluvisol, 
having a mean annual rainfall of 2400mm, a unimodal 
rainfall pattern with annual maximum temperature ranging 
from 28-32℃ annual min imum temperature ranging from 
21-23℃ . It also has two distinct seasons; the lengthy and 
heavy rainy season and very short dry season. The rainy 
season spans February to November while the dry season 
occurs in the remaining months although precipitation of 
about 20mm do occur during this period. 

 
Figure 1.  Map showing Study Area 
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ii. Ibadan (7°23′47″N 3°55′0″E);  is also one of the 
locations. It has a sub-humid climate which  is characterized 
by rain fo rests and slightly heavy rainfall. Its rainfall pattern 
is Bimodal with mean annual rainfall of 1250mm. The 
region’s soil in  majorly  Ferric Luvisols, its season are wet 
which from March through October and dry running through 
November to February having annual maximum temperature 
ranging between 27-34℃  and annual minimum temperature 
ranging between 20-23℃ .  

Both regions mentioned above are characterized with light 
wind speeds. (Oguntunde, 1998). 

iii. The third  location is Kano (12°00′0″N 8°31′0″E) 
which is situated in the northern region of the country. It has 
a semi-arid or savannah climate characterized with scattered 
trees and shrubs. The region has a high wind speed which 
carries large deposits of sand that are deposited in the area to 
replenish the soil removed by erosion. It has Ferric Latosol 
soils and the region has an annual mean rainfall of 748.1mm 
between 1988 and 2001. Its season can be div ided into two, 
the wet/rainy season which occurs between May and 
September with temperature ranging between 24℃ -29℃  
and the dry season between October and April with 
maximum temperature range between 28 ℃ -34 ℃  and 
minimum temperature range between 25℃-27℃. 

2.2. Data Source 

Records of climatic variables (Solar rad iation, Maximum 
and Minimum Temperature, Maximum and Minimum 
Relative Humidity and Wind speed) were collected from 
three International Institute of Tropical Agriculture (IITA) 
Stations in Ibadan, Kano and Onne. For Ibadan, a 36-year 
(1973 – 2008) record was obtained, for Kano, a 29-year 
(1980 - 2008) record was obtained and for Onne, a 31-year 
(1977 - 2006) record was obtained. Data collect ions were 
done by IITA trained personnel and weather instruments 
installations conform to WMO standard. Agro-ecological 
characteristics of the sites and instrumentation are presented 
in Jagtap and Alabi (1997). 

2.3. Model Re-Examination 

The Blaney-Morin-Nigeria Model is of the form 
ET = rf (0.45Ta + 8) (H – Rm)/100             (1) 

rf = ratio of monthly radiat ion to annual radiation 
Ta = mean monthly temperature in℃  
R = mean monthly relat ive humidity  
H and m are model constants of 520 and 1.31 respectively 
The procedure used for the generation of model constants 

for Ibadan, Onne and Kano is as described in Duru (1984), 
but ETo estimates used for the re-examination was obtained 
using the FAO56-PM model. Thereafter, a  non-linear 
regression model based on the Levenberg-Marquardt 
Algorithm (Sigma-Plot) was used to generate new model 
constants for Ibadan, Kano, Onne and a set of model 
constants also generated for a combined meteorological data 
from the three locations. 

ETo estimates from the generated model constants were 

then compared against ETo estimates from the FAO56-PM 
model using the following statistic parameters, the Mean 
Bias Error (MBE), Measurement of the variability of the 
difference between the pred icted and observed values (S2d), 
Mean Absolute Error (MAE), Root Mean Square Error 
(RMSE) and the Coefficient of Correlation (r).  

3. Results and Discussions 
The newly generated model constants for the BMN model 

are shown in Tab le 1. The values of the model constants 
generated are significantly lower than that of the original 
model. The form of the re-examined models fo r each station 
is also shown below.  

Table 2 and 3 shows the outcome of the statistical 
comparison between the FAO56-PM model against the 
newer models at each station and the combined model at 
each station. The r values of the new Ibadan, Kano and Onne 
BMN models were 0.74, 0.75 and 0.78 respectively, the 
combined BMN model gave r values of 0.70, 0.75 and 0.77 
for Ibadan, Kano and Onne respectively. The original BMN 
model has r values of 0.71, 0.64 and 0.72 respectively for 
Ibadan, Kano and Onne stations. The correlation value of the 
Modified BMN Model (BMNcombined) is 0.88 as against 0.71 
obtained by the Original BMN model (Duru, 1984) The 
higher r values of the new models as against the old BMN 
model showed that the newer models provides better 
estimates of ETo than the old  model taking into consideration 
the outcome of the other statistic parameters used. In all the 
stations overestimation  of ETo values by the BMN models 
against ETo values from the FAO56-PM model were 
observed. In Ibadan, the BMN yielded an overestimation of 
8.2%, BMNIbadan yielded an overestimation of 3.2% while the 
BMNCombined gave an overestimation of 4.4%. In Kano, the 
BMN underestimated ETo to the tune of 12.3% while the 
BMNKano yielded an overestimation of 1% and the 
BMNCombined and overestimat ion of 10.5%. For Onne, the 
overestimation observed is as follows, BMN (+20.8%), 
BMNOnne (+2.8%) and BMNCombined (+9.1%). 

This shows that the location specific models outperformed 
the BMN and BMNCombined models across the stations 
because most temperature based models are location specific 
and subject to localized calib ration for improved application 
(Adeboye et al., 2009), although the BMNCombined model 
fared better than the BMN model in all the stations. Across 
the stations, the BMN yielded more ETo overestimation than 
the BMNCombined, which also yielded ETo overestimations 
than the location specific BMN models. According to Duru 
(1984), “from a design and safety standpoint, a model 
that over predicts should be preferred to one that under 
predicts and the better model is one that over predicts to 
a lesser degree”. This implies that the location specific 
models of Ibadan, Kano and Onne are better estimator of  
ETo for the stations than the BMNCombined, and the 
BMNCombined a better model than the BMN wherever they are 
both applied. 
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Table 1.  Generated parameters for the New Blaney-Morin-Nigeria Models 

BMN Models H m R SEE N 

Zaria(Duru 1984) 520 1.33 0.71 - 120 

This Study      

IBADAN 386 1.19 0.77 0.40 288 

ONNE 346 1.18 0.73 0.39 240 

KANO 395 1.18 0.66 1.05 240 

COMBINED 418 1.24 0.88 0.71 768 

R – Coeffici ent Of Correl ation, See – Standard Error of Estimate, P – Probability 
Level (<0.0001 For The Modified Models) 

The re-examined BMN equations are of the form;  
BMNIbadan: - ETo = rf (0.45T + 8) (386 – R1.19)/100   (2) 

BMNOnne: -  ETo = rf (0.45T + 8) (346 – R1.18)/100   (3) 
BMNKano: - ETo = rf (0.45T + 8) (395 – R1.18)/100    (4) 

BMNCombined: - ETo = rf (0.45T + 8) (418 – R1.24)/100  (5) 

Table 2.  Summary of Statistical parameters for validation of the New 
Blaney-Morin-Nigeria models 

Station MBE S2d MAE RMSE r 

Ibadan 0.003 
(0.15) 

0.21 
(0.22) 

0.37 
(0.40) 

0.45 
(0.50) 

0.74 
(0.70) 

Onne 0.08 
(0.25) 

0.10 
(0.10) 

0.26 
(0.31) 

0.32 
(0.41) 

0.79 
(0.77) 

Kano 0.51 
(1.34) 

4.509 
(3.22) 

1.01 
(1.01) 

1.85 
(1.82) 

0.75 
(0.75) 

Combined 0.13 1.11 0.55 1.06 0.88 

Mbe - mean bias error; s2d- measurement of the vari ability of the difference 
between the predi cted and observed values; mae - mean absolute error; rmse - 
root mean square error and r - correlation coefficient. the closer to zero the values 
of mbe, s2d, mae and rmse, the better performed the respective model, whereas 
the closer to unity (1) the value of ‘r’, the better the model. (the values in 
parenthesis are the corresponding values of comparison when eto was evaluated 
with the combined model at each location) 

Table 3.  Comparison of Statistical parameters for the New BMN models 
and the Old BMN model at the stations 

Station MBE S2d MAE RMSE R 

Ibadan 0.003 
(0.34) 

0.21 
(0.26) 

0.369 
(0.47) 

0.454 
(0.47) 

0.74 
(0.71) 

Onne 0.08 
(0.73) 

0.10 
(0.23) 

0.264 
(0.73) 

0.320 
(0.87) 

0.79 
(0.72) 

Kano 0.51 
(1.19) 

4.51 
(1.56) 

1.014 
(0.88) 

1.85 
(1.73) 

0.75 
(0.64) 

Mbe - mean bias error; s2d- measurement of the vari ability of the difference 
between the predi cted and observed values; mae - mean absolute error; rmse - 
root mean square error and r - correlation coefficient. the closer to zero the values 
of mbe, s2d, mae and rmse, the better performed the respective model, whereas 
the closer to unity (1) the value of ‘r’, the better the model. (the values in 
parenthesis are the corresponding values of comparison when eto was evaluated 
with the 1984 model) 

The BMN and the BMNCombined models were thereafter 
applied to predict the Irrigation water requirement for maize 
in Akure (Figure 2).  From the obtained results, the r values 
obtained from comparison to FAO56-PM model are 0.71 for 
the BMN and 0.72 for the BMNCombined. The models also 
yielded the following overestimat ions, BMN (+63.5%) and 
BMNCombined (+34.7%). Th is supports the claim that the 
BMNCombined is a better model than the BMN model when 
they are both applied. 

 
Figure 2.  Mean Daily Irrigation Water Requirement For Maize (Akure) 
Using Sprinkler System (Cbmn – Modified Blaney-Morin-Nigeria Model) 

In view of the above, the study recommends the use of the 
combined BMN model as the modificat ion of Duru’s model 
under Nigerian condition. 

4. Conclusions 
This paper outlined the effect of the corrections done to 

the old BMN model for the estimation of evapotranspiration, 
from the results obtained during the data analysis; it was 
proven beyond doubts that making use of a larger pool of 
data for model and formula development produces more 
accurate results. The location specific models proved to be 
more accurate estimators of ETo when applied  at their 
locations. The modified BMN (BMNcombined) model by 
implication is also a better estimator across the locations than 
the BMN and can always be applied in its place when needed 
all over the country. This is because this work applied 
standard statistical models in its calibrat ion rather than the 
manual iteration method previously used. The overall result 
indicates that the Blaney-Morin -Nigeria model is location 
specific and that newly generated models fared better and 
has improved performances than the BMN across the 
stations considered for this study.  
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