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Abstract 

Food security has to do with food availability and quality control which are innovations in food 

measurement and monitoring. Numerical method is a very important tool for solving problems of 

food security since such problems have to do with rate of change which resolves to differential 

equations. This paper describes the determination of a more accurate numerical method to 

enhance the solution of food security problems in developing countries. Euler’s method, 

Trapezoidal rule, Simpon’s rule and one - step third derivative method were used to solve two 

initial value problems of first order ordinary differential equations to determine a method with 

better accuracy that will be recommended for solution of practical problems like food security. 

Comparison of the numerical results with the exact solution showed that the one - step third 

derivative method has better accuracy than the other methods examined and thus recommended 

for solving food security problems having to do with rate of change. 
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Introduction 

In the words of Jenkins and Scanlan (2001), food is the most basic of human needs and is central 

to the discussion of human rights and social development. For this reason, developed and 

developing countries make considerable efforts to increase their food production capacity to 

ensure there is an adequate quantity of available food and that the citizens take balanced diets so 

as to positively affect the overall economic development of the countries. (Macnamara,1973). 

Food security in its most basic form is defined as the access to all people to the food needed for a 

healthy life at all times (Eide, 1999). In a simple language, a country is food-secure when 

majority of its population have access to food of adequate quantity and quality consistent with 

decent existence at all times (Rentlinger, 1983 and Idachaba, 2004). 

Food security exists when all people, at all times, have physical and economic access to 

sufficient, safe and nutritious food that meets their dietary needs and food preferences for an 

active and healthy life (World Food Summit, 1996). 

In addition to food availability, food hygiene and safety are essential in order to protect the 

health of the people. Therefore health and safety consideration becomes important in food 

production. 

Factors that are responsible for the precarious food insecurity in Africa are: low agricultural 

productivity, lack of agricultural policies, poor infrastructure and high – transport costs, lack of 
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appropriate marketing strategies, frequent extreme weather events, high – disease burden 

including HIV/AIDS, weak financial support systems, lack of safety net systems and political 

conflicts, (Haile, 2005). According to Smith, (1998), the greatest challenge facing food security 

in Africa is poverty. 

According to Ojo and Adebayo (2012), Nigeria is one of the food-deficit countries in sub-

saharan Africa although it is arguably better in terms of production than the others. 

According to Akinyosoye, (2007), Nigerian government has embraced the idea of using 

biotechnology to boost food production as a pre-condition for food security. Furthermore, 

Nigerian agricultural scientists have been very enthusiastic in advancing the frontier of 

knowledge in biotechnology. 

Many problems of food security have to do with rate of change, for example: determining the 

ratio of the quantity of food available to the number of consumers, size reduction in milling 

machines, heat transfer in drying process and so on. 

These problems will resolve into differential equations and numerical methods have been found 

as effective tools for solving such problems, Famurewa and Olorunsola (2014). Examples of 

such numerical methods are: Euler’s method, Trapezoidal rule, Simpon’s rule, Runge - Kutta 

method, Adams’ explicit and implicit methods, Backward Differentiation Formula, implicit 

multiderivative methods, to mention but a few. This research therefore intends to advance a more 

accurate numerical method that would enhance the solution of food security problem 

 

Methodology 

In this work, Euler’s method of the form: 

                 (1) 

 Trapezoidal rule of the form: 

        
 

 
               (2) 

Simpon’s rule of the form: 

        
 

 
                      (3) 

and One - step third derivative method of the form: 

        
 

 
     

    
   

  

  
     

     
    

  

   
     

      
        (4) 

will be used to solve the two sampled initial value problems of first order ordinary differential 

equations. 

The test problems are: 

(1)                             

Exact solution is              

(2)                             

Exact solution is          

 

Results and Discussion  

The results and errors obtained from the exact solution and the numerical methods are presented 

in Tables 1 - 4. It was observed that all the methods are good but the most accurate is the one - 

step third derivative method because it is the closest to the exact solution, this is a proof of the 

accuracy of the method to solve food security problems that resolve to ordinary differential 

equation. 
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Table1: The result obtained for problem 1 

 

Table 2: The result obtained for problem 2 

EXACT-

SOLUTION 

 

EULER’S 

METHOD 

 

 

TRAPEZOIDA

L RULE 

 

 

SIMPSON’S 

RULE 

 

THIRD 

DERIVATIVE 

METHOD 

 

 

1.110341836151

2953 

1.10000000000

00001 

 

1.11000000000

00000   

 

1.11000000000

00001 

 

1.1103418361514

121 

 

1.242805516320

3395 

1.22000000000

00002 

 

1.24205000000

00001     

 

1.24266666666

66666 

1.2428055163205

978 

 

1.399717615152

0065 

1.36200000000

00001   

 

1.39846525000

00001     

 

1.39914666666

66668 

1.3997176151524

342  

 

1.583649395282

5408 

1.52820000000

00000 

 

1.58180410125

00001    

 

1.58255706666

66668 

1.5836493952831

714   

 

1.797442541400

2564 

1.72102000000

00001 

1.79489353188

12502   

 

1.79572555866

66667   

 

1.7974425414011

277   

 

2.044237600781

0177 

1.94312200000

00000  

 

2.04085735272

87817 

 

2.04177674232

66668   

 

2.0442376007821

732   

 

2.327505414940

9531 

2.19743420000

00000 

 

2.32314737476

53038 

 

2.32416330027

09667 

2.3275054149424

426 

 

2.651081856984

9350 

2.48717762000

00000  

 

2.64557784911

56607 

2.64670044679

94188 

 

2.6510818569868

166 

 

3.019206222313

8993 

2.81589538200

00000  

 

3.01236352327

28052 

3.01360399371

33576 

3.0192062223162

388   

 

3.436563656918

0902 

3.18748492020

00000 

3.42816169321

64498  

 

3.42953241305

32605 

 

3.4365636569209

630   

 

     

EXACT-

SOLUTION 

 

EULER’S 

METHOD 

 

 

TRAPEZOIDA

L RULE 

 

 

SIMPSON’S 

RULE 

 

THIRD 

DERIVATIVE 

METHOD 

 

 



International Journal of Applied Science and Mathematical Theory ISSN 2489-009X Vol. 3 No.1 2017   

www.iiardpub.org 

     

 
 

IIARD – International Institute of Academic Research and Development 

 
Page 28 

 

Table 3: The error obtained for problem 1 

0.904837418035

9595 

0.90000000000

00000 

0,90500000000

00000   

 

0.90500000000

00000 

0.9050841666666

667 

0.818730753077

9818 

0.81000000000

00001 

0.81902500000

0000 

 

0.81866666666

66667 

0.8191523137588

643 

0.740818220681

7178 

0,72900000000

00001 

0.74121762500

0000 

 

0.74089333333

33334 

0.7413540889017

383 

0.670320046035

6393 

0.65610000000

00001 

 

0.67080195062

5000 

 

0.67050846666

66666 

0.6709196273358

526 

0.606530659712

6334 

0.59049000000

00001 

0.60707576531

56250 

 

0.60681016233

33333 

0.6071519335975

062 

0.548811636094

0265 

0.53144100000

00001 

0.54940356761

06407 

0.54916319691

16666 

0.5494199842888

023 

 

0.496585303791

4095 

0.47829690000

00000 

0.49721022868

76298 

 

0.49699269320

50583 

0.4971524836848

332 

0.449328964117

2216 

0.43046721000

00000 

0.44997525696

23050 

0.44932896411

72215 

0.4498322103855

900 

 

0.406569659740

5992 

0.38742048900

00000 

 

0.40722760755

08861 

0.40704944055

22729 

0.4069908990689

931 

 

0.367879441171

4423 

0.34867844010

00000 

0.36854098483

35519 

0.36837974369

98070 

0.3682046066966

087 

 

EULER’S 

METHOD 

 

 

TRAPEZOIDAL 

RULE 

 

 

SIMPSON’S RULE 

 

THIRD 

DERIVATIVE 

METHOD 

 

 

1.034184e-002 3.418362 e-004 3.418362 e-004 1.167955e-013 

 

2.280552 e-002 7.555163 e-004 1.388497 e-004 2.582379e-013 

 

3.771762 e-002 

 

1.252365 e-003 5.709485 e-004 4.276579e-013 

 

5.544940 e-002 1.845294 e-003 1.092329 e-003 6.306067e-013 
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Table 4: The error obtained for problem 2 

 

 

Conclusion 

In this study, Euler’s method, Trapezoidal rule, Simpon’s rule and One - step third derivative 

methods were used to solve two sampled problems of first order ordinary differential equations 

in order to determine the method with better accuracy. The results and errors obtained showed 

that the one - step third derivative method is more accurate, effective and efficient.  

 The one - step third derivative method of the form: 

        
 

 
     

    
   

  

  
     

     
    

  

   
     

      
     

can therefore  be adopted for solving problems of food security and other security problems that 

have to do with rate of change. 
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