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Abstract: This article presents a model approach to characterize the nature of production, area and yield for the 

principal crops based on food grains and non-food grains. For time discretization, the D-Impaction model and the 

population D-Impaction model will be used to establish the presented model. Further, the article demonstrates the 

effective production, area and yield levels corresponding to the effective year between two consecutive sessions in the 

sense of index number for the principal crops of India since 2010 till 2020 elaborately which theoretically as well as 

experimentally ensures the validity of the model. The computational analysis depict that the nature of the effective 

production level and the effective production both alter with the corresponding variation in the production for the 

effective period. Moreover, the doubling and the half period for the effective production level and the effective 

production; to make model utility redundantly, applications in demographics, environment, economics, industry, 

science etc. are provided by allowing some appropriate instances. 

 

Index Terms: Effective Production, Effective Area, Effective Yield, Effective Principal, Effective Population. 

 

 

I. INTRODUCTION 

 

An index number is used to express relative change, mainly designed to measure changes in variable or a group of 

related variables like price, quantity or value related to base period, more generally over two different situations. An 

index number is a statistical measure defined by a single ratio (or a percentage) [11, 16-17]. 

In the presented article, we are intended to construct a model which characterize the nature of entities like 

‘production’, ‘area’ and ‘yield’ under the principal crops easily based on the effective change in the given entity. In 

this direction, our prime aim is to obtain the effective level first. The effective level can be obtained by following the 

D-Impaction model [4], by which the effective moral standard of a human is given due to Sanskars and Kusanskars 

below as: 

           
           ,     (1) 

where, 

Sanskar means to make a person or a thing suitable by the process of purification, 

   = The rate of flow of Sanskars per unit time, 

   = The rate of flow of Kusanskars per unit time, 

  ,    are in %, such that 

            ;      (2) 

and     is called the D-Factor defined as  

    |
       

        
|,       (3) 

such that  

               (4) 

 

Also, |       | is called the effective difference and    , the effective part of both    and   . 
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Finally, the effective production will be given by the population D-Impaction model [3]. If    be the population, 

given for the base year, of any given species which changes exponentially for a given region, then the effective 

population is given as follows: 

                   (5) 

where 

      is the effective population level given as: 

 

                      ;     (6) 

 

   and    are birth rate and death rate respectively; and 

 

      |
       

       
|,      (7) 

such that 

           ,       (8) 

 

Also, from [3], the half period and the doubling period       ⁄ ,    for effective population level and      ⁄ ,   for 

effective population are estimated by the following formulae: 

 

   
    

       
             (9) 

 

      ⁄  
     

       
            (10) 

 

  
        ⁄  

       
 

             

       
            (11) 

 

     ⁄  
         ⁄  

       
 

                

       
           (12) 

 

The statistical data for agricultural production is collected from [5, 8], area under the principal crops from [6, 9] 

and yield under the principal crops from [7, 10] in view of index numbers. Principal crops are those which have 

significant index numbers, that is, which perform for the preparation of index numbers [1-2, 18-19]. Index numbers of 

agricultural production, area and yield for given commodities are calculated by the following formulae [1, 2]: 

For individual crop indices (for k
th
 year) 

Index number of production  
   

   
        ; 

 

Index number of area  
   

   
        ; 

 

Index number of yield  
                           

                    
 

  

  
    . 

 

For any subgroup   of commodities with weight   , 

Index number of production  
∑         

∑       
         ; 

 

Index number of area  
∑         

∑       
         ; 

 

Index number of yield  
                                       

                                 
 

   

   
    , 

where 

    = The area under j
th
 crop in the k

th
 year 

    = The area under j
th
 crop in the base year period 

    = The production of j
th
 crop in the k

th
 year 

    = The production of j
th
 crop in the base year period 

   = Weight of j
th
 crop 

 



© 2022 JETIR June 2022, Volume 9, Issue 6                                                                        www.jetir.org (ISSN-2349-5162) 

JETIR2206A26 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org k206 
 

Let        be a monotonic function which is defined on a domain   and differentiable in      ;        . 

Then,   is said to be increasing monotonically (strictly) at         according as             ; where prime        

represents the derivative of      with respect to  . Also,   will attain its local minimum at   when          and if   

is differentiable in  , then     is said to be the point of global minimum if                 such that 

                        [12-15]. 

 

II. METHODOLOGY 

 

To construct the desired model, our prime intension is towards to formulate first by assuming the following that: 

 

              The effective period between the sessions    and      

       
       Rate of the production of food grains per effective period        (in %) 

       
       Rate of the production of non-food grains per effective period        (in %) 

        
     The effective factor for the effective period        

           The effective production level or the effective productivity for the effective period        

where             . 

 

Notice that if the data is given in years, then        is the effective period between the years    and     . 

For two consecutive sessions    and     , Let 

            
    

 ,      (13) 

and 

            
    

 ,      (14) 

where 

   
= The production of food grains in the session   , 

   
= The production of non-food grains in the session   . 

Define 

       
 

      

               
      ,     (15) 

 

       
 

      

               
      ,     (16) 

By using from Eq. 2-4 and Eq. 15-16, we have 

       
        

      ,     (17) 

 

        
 |

|       
|   |       

|

|       
|   |       

|
| ;           

     (18) 

where | | represents the modulus or absolute value. 

Hence, from Eq. 17-18 and Eq. 1, we have 

The effective production level 

                  
          

         
   

 ,    (19) 

Means are defined as follows: 

First kind mean, by taking means of       ;        and         
, 

 

   
∑       

 
   

  
 ,       (20) 

 

   
∑       

 
   

  
 ,      (21) 

 

   
 

  

     
     ,      (22) 

 

   
 

  

     
     ,      (23) 

 

Second kind mean, by taking means of        
;        

 and         
 , 

 

    
∑        

 
   

  
 ,      (24) 
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∑        

 
   

  
 ,      (25) 

 

     
∑         

 
   

  
 ,      (26) 

where 

   = Number of the consecutive effective years (= 9, here). 

Using from Eq. 19-26, we obtain 

The effective mean production level (first kind) 

             (   
      

)   ,    (27) 

 

The effective mean production level (second kind) 

                           ,    (28) 

Now, Using from Eq. 5-6, we get 

The effective production 

                                                
          

         
   

 , (29) 

where 

                        ;    (30) 

such that 

     = Food grains + Non-food grains = Total Production (Initially)  (31) 

 

and the effective mean production 

                                 (   
      

)   ,    (32) 

and 

                                               ,    (33) 

where 

          is the initial agricultural production or availability (stock) as the base entity in the effective period       . 

Analogously, for area and yield under principal crops, we can construct the mathematical structure by using from 

Eq. 27-33 as follows: 

The effective areal level 

                  
          

         
   

 ,    (34) 

The effective yield level 

                  
          

         
   

 ,    (35) 

The effective area 

                                                
          

         
   

 , (36) 

The effective yield 

                                                
          

         
   

 , (37) 

The effective mean area 

                                 (   
      

)   ,    (38) 

and 

                                               ,   (39) 

The effective mean yield 

                                 (   
      

)   ,    (40) 

and 

                                               ,   (41) 

 

By applying the above formulations, the required calculations may be done as given below: 

For      , 

        
    

                 ,     

and 

        
    

                 ,     

 

     
 

   

         
            ,      
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            ,      

and 

      
 |

           

           
|         ,      

For      , 

        
    

                  ,     

and 

        
    

                  ,     

 

     
 

      

             
            ,      

 

     
 

      

             
            ,      

and 

      
 |

           

           
|         ,      

and so on. Now, 

To construct effective  -diagram initially, we define 

 

   
         

∑           
   

                       ;    (42) 

where 

          = The effective agricultural productivity for the effective period        at t = 0. 

Also, we have 

∑           
          , ∑           

          , ∑           
          . 

 

 

Table 1.1 Index Numbers of Agricultural Production 

(Base: Triennium Ending 2007-2008=100) 

Production 
Session  2010-2011 2011-2012 2012-2013 2013-2014 2014-2015 2015-2016 2016-2017 2017-2018 2018-2019 2019-2020 

Weight                                  

Food grains 50.7 114.3 119.5 119.4 123.3 115.9 115.7 131.1 136.8 134.4 139.8 

Non-food grains 49.3 128.0 129.6 129.0 136.4 132.2 126.1 134.7 142.1 142.0 151.3 

All Commodities 100.0 121.1 124.5 124.2 129.8 124.0 120.8 132.8 139.4 138.1 145.5 

 

Table 1.2 The Effective Agricultural Production Level 

                            
              

                
                   

          
         

   
 

     5.2 1.6 76.47 23.53 0.5294                  

     - 0.1 - 0.6 14.29 85.71 0.7142                   

     3.9 7.4 34.51 65.49 0.3098                   

     - 7.4 - 4.2 63.79 36.21 0.2758                  

     - 0.2 - 6.1 03.17 96.83 0.9366                   

     15.4 8.6 64.17 35.83 0.2834                  

     5.7 7.4 43.51 56.49 0.1298                   

     - 2.4 - 0.1 96.00 04.00 0.9200                  

      5.4 9.3 36.73 63.27 0.2654                   

 

Table 1.3 The Effective Agricultural Mean Production Level 
          

    
                            

                                                                            

 

Table 1.4 The Effective Initial Agricultural Production Level 

Effective Period                                               

                                                                         

  (in %)                                                       
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Table 2.1 Index Numbers of Area Under Principal Crops 

(Base: Triennium Ending 2007-2008=100) 

Production 
Session  2010-2011 2011-2012 2012-2013 2013-2014 2014-2015 2015-2016 2016-2017 2017-2018 2018-2019 2019-2020 

Weight                                  

Food grains 50.7 104.4 104.1 102.0 105.6 105.4 103.9 109.0 107.4 105.6 107.9 

Non-food grains 49.3 113.9 116.0 116.0 119.2 118.5 119.5 116.2 118.2 121.7 124.0 

All Commodities 100.0 109.1 110.0 108.9 112.3 111.9 111.6 112.6 112.7 113.5 115.9 

 

Table 2.2 The Effective Areal Level Under Principal Crops 

                            
              

                
                   

          
         

   
 

     -0.3 2.1 - 16.67 116.67 0.7500                   

     -2.1 0.0 100.00 0.00 1.0000                  

     3.6 3.2 52.94 47.06 0.0588                  

     -0.2 -0.7 22.22 77.78 0.5556                   

     -1.5 1.0 300.00 - 200.00 0.2000                  

     5.1 -3.3 283.33 - 183.33 0.2143                  

     -1.6 2.0 - 400.00 500.00 0.1111                   

     -1.8 3.5 - 105.88 205.88 0.3208                   

      2.3 2.3 50.00 50.00 0.0000                  

 

Table 2.3 The Effective Mean Areal Level Under Principal Crops 

          
    

                            

                                                                             

 

Table 2.4 The Effective Initial Areal Level Under Principal Crops 

Effective Period                                               

          0.7500 1.0000 0.0588 0.5556 0.2000 0.2143 0.1111 0.3208 0.0000 

  (in %)                                                 0.0000 

 

Table 3.1 Index Numbers of Yield of Principal Crops 

(Base: Triennium Ending 2007-2008=100) 

Production 
Session  2010-2011 2011-2012 2012-2013 2013-2014 2014-2015 2015-2016 2016-2017 2017-2018 2018-2019 2019-2020 

Weight                                  

Food grains 50.7 109.5 114.9 117.1 116.8 110.0 111.3 120.3 127.4 127.3 129.5 

Non-food grains 49.3 112.4 111.7 111.2 114.4 111.6 105.5 115.8 120.2 116.7 122.0 

All Commodities 100.0 111.0 113.5 114.0 115.5 110.8 108.3 118.0 123.7 121.7 125.6 

 

Table 3.2 The Effective Yield Level of Principal Crops 

                            
              

                
                   

          
         

   
 

     5.4 -0.7 114.89 - 14.89 0.7705                  

     2.2 -0.5 129.41 - 29.41 0.6296                  

     -0.3 3.2 - 10.34 110.34 0.8286                   

     -6.8 -2.8 70.83 29.17 0.4166                  

     1.3 -6.1 - 27.08 127.08 0.6487                   

     9.0 10.3 46.63 53.37 0.0674                   

     7.1 4.4 61.74 38.26 0.2348                  

     -0.1 -3.5 2.78 97.22 0.9444                   

      2.2 5.3 29.33 70.67 0.4134                   

 

Table 3.3 The Effective Mean Yield Level of Principal Crops 
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Table 3.4 The Effective Initial Level of Principal Crops 

Effective Period                                               

                                                                         

  (in %)                                                       

 

 

III. Applications 

 

Here, we are serving some suitable applications to make model useful in various disciplines as given below: 

 

3.1 The doubling and half period (for effective period       ) 

To find the doubling and half period, we have from Eq. 9-12 as follows: 

For effective production level, 

Doubling period 

   
    

       
         

        
        

;     (43) 

and half period 

      ⁄  
      

       
         

        
        

    (44) 

For effective production, 

Doubling period 

  
   (         

⁄ )

       
         

 
          (        

)

       
         

        
        

 ;   (45) 

and half period 

     ⁄  
   (          

⁄ )

       
         

 
 *          (        

)+

       
         

        
        

  (46) 

 

Similarly, we can define the doubling and half period for the area and yield. 

Now, we put some related illustrations by using from Eq. 43-46 as discussed below: 

 

Example 1 For effective production level, consider 

For the effective year     :        
    

      
      

For the effective year     :        
    

      
      

For the effective year     :        
    

   
      

 

Example 2 For effective production level, consider 

For the effective year     :           ⁄  
     

       
      

For the effective year     :           ⁄  
     

       
      

For the effective year      :           ⁄  
     

       
      

 

Example 3 For effective production, consider 

For the effective year     : 

                                         and    
                  

      
      

 

For the effective year     : 

                                         and   
                     

       
        

Minus sign implies that the effective production would be half of its initial before the time of 10.39. 

Similar calculations may be done for area and yield. 

 

3.2 Consequences 

The following analogous approaches for the given effective year        may be served in view of Eq. 29 as follows 

(symbols have their own meaning as discussed in population D-Impaction model differ from only indices      ): 

For the effective population (presented for birth-death), 
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(       
         

) 
          

        
       (47) 

 

For the effective population (presented for growth-decay), 

 

                            
  

(       
         

) 
          

        
       (48) 

 

For the effective population (presented for sex-ratio, that is, male-female), 

 

                            
  

(       
         

) 
          

        
       (49) 

  

For the effective population (presented for area enclosed by male-female population), 

 

                             
  

(        
          

) 
           

         
       (50) 

 

For the effective population (presented for vegetarian & non-vegetarian),  

 

                            
  

(       
         

) 
          

        
       (51) 

 

For the effective principal (presented for profit-loss), 

 

                            
  

(       
         

) 
          

        
       (52) 

 

For the effective food consumption (presented for food grains & non-food grains), 

 

                            
  

(       
         

) 
          

        
       (53) 

 

The effective temperature or weather measure (presented for heat-cold), 

 

                            
  

(       
         

) 
          

        
       (54) 

 

The effective production (presented for production-wastage), 

 

                            
  

(       
         

) 
          

        
       (55) 

 

IV. RESULTS AND CONCLUSION 

 

The model is applicable there, where change is taken exponentially. The model is sufficient to characterize the 

nature of production, area, yield and such structural data like population, weather measure, principal, food 

consumption, etc. for the effective period. More generally, in D-Impaction and population D-Impaction model we are 

able to characterize the nature of the given entity for the given time while the presented model is primly defined for 

the effective period between two consecutive times (say, year, month, day, hour, session, decade, century etc.). In 

absence of non-food grains, the model is purely in favor of food grains; and in absence of food grains, the model is 

purely in favor of non-food grains. Thus, both are said to be ideal model here. The model is in favor of food grains if 

rate of food grains is always greater than that of non-food grains; and in favor of non-food grains if rate of food grains 

is always less than that of non-food grains. As like population D-Impaction model, the production D-Impaction model 

provide us a statistical approach to characterize the nature of production and this also leads us to facilitate to 

characterize the such structural data (as discussed in from Eq. 47-55). Due to same adoption of differential equations 

by production (by following population growth model), effective production level and effective production for the 

effective period we conclude that all these have same in nature. 

Also, Eq. 19 and from Eq. 27-41 provide the mathematical structure for the effective production, area, yield levels 

and the effective production, area, yield for the effective period. Eq. 42 gives us the formula to construct  -diagram. 

Table 1.1, 2.1 and 3.1 provide us required statistical data while from Table 1.2-1.4, Table 2.2-2.4 and Table 3.2-3.4 

give us the computational data and structure to sketch appropriate graphs and figures. 
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Now, we shall represent given data graphically and analyze its nature. For this, Fig. 1, Fig. 2 and Fig. 3 are 

generated by using MATLAB TOOL while Fig. 4 to Fig. 9 by using M.S. EXCEL. Figure 1 represents the nature of 

the effective production level           for the effective year        where the graphs occurring upwards, are in favor 

of food grains and downwards, in favor of non-food grains. Also,         adopts the fastest growth while        , 

the fastest decay in favor of food grains. The first mean        is in favor of food grains while the second mean 

      , in favor of non-food grains. Figure 2 shows the nature of the effective areal level           for the effective 

year       . Also,         obtains the fastest growth while        , the fastest decay in favor of food grains except 

        . The first mean        and the second mean        both are in favor of non-food grains such that        

decays rapidly than       . Figure 3 depicts the nature of the effective yield level           for the effective year 

      . Also,         adopts the fastest growth while        , the fastest decay in favor of food grains. The first 

mean        is in favor of food grains while the second mean       , in favor of non-food grains. Figure 4 exhibits 

the nature of the effective production level           initially which are interpolated by the polynomial of degree 6 as 

y = -0.0031x
6
 + 0.0907x

5
 - 1.0456x

4
 + 5.9273x

3
 - 17.083x

2
 + 23.066x - 10.43 

with R-squared value on the chart as R² = 0.8493 while Fig. 5 provides the corresponding  -chart for          . The 

global maximum is attained by this polynomial for      and global minimum for     . Figure 6 demonstrates the 

nature of the effective areal level           initially which are interpolated by the polynomial of degree 6 as 

y = -0.0018x
6
 + 0.0531x

5
 - 0.631x

4
 + 3.7059x

3
 - 11.113x

2
 + 15.478x - 6.7291 

with R-squared value on the chart as R² = 0.8047 while Fig. 7 provides the corresponding  -chart for          . The 

global maximum is attained by this polynomial for      and global minimum for      . Figure 8 exhibits the nature 

of the effective yield level           initially which are interpolated by the polynomial of degree 6 as 

y = -0.001x
6
 + 0.0275x

5
 - 0.2814x

4
 + 1.3859x

3
 - 3.434x

2
 + 3.9631x - 0.8991 

with R-squared value on the chart as R² = 0.787 while Fig. 9 provides the corresponding  -chart for          . The 

global maximum is attained by this polynomial for      and global minimum for     . 

Also, the discussed model can be written analogous to the population D-Impaction model defined for given time 

only, not for effective period, as follows: 

                               ;           ,    

where 

   
           

                                 
;    

               

                                 
 

and for the given base time  

   = Food grains + Non-food grains = Total Production (Initially) 
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Now, by D-Impaction model, from Eq. 19,           has the global minimum as                   
, when 

       
        

 and has the global maximum as                   
, when        

        
. From Fig. 1 to Fig. 

3, it may be seen that both assertions are graphically true. Do same for          ,          , first and second mean. 

Also, from Eq. 29, we have 

          

  
                   

(       
         

)  (       
         

)  
          

  
 {

          
        

          
        

, (56) 

and 

           

                      
(       

         
)
 
  

(       
         

) 
 

           

         , (57) 

 

Obviously, from Eq. 56, when        
        

, then           is an increasing function which satisfy the 

condition of minima, from Eq. 57 and has the global minimum at     as                   
. From Eq. 56, when 

       
        

, then           is a decreasing function which satisfy the condition of maxima, from Eq. 57 and 

has the global maximum at     as                   
 also. Similar task may be done for          ,          , 

first and second mean. 
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