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Multivariate objects when interrelated have been pressed in two forms either it can be 

timed stack or cross sectional. The multidimensional studies can be evaluated in third 

form that compiles as binary terms. As an when the required information can classify 

with their nature and the multivariate computations can predict confusing results. It can 

represent in terms of specific code these coding can be operated for multivariate tasks 

that caused to binary regression. This research is carried out for the dairy sector data for 

listed 26 district of Gujarat states for 13 various parameters. The parameters are defined 

based on their median. Higher the value of parameter defined as 1 and lower the median 

is determined as 0; than the application of OLS has been applied in terms of tobit 

regression. The results are derived for binary outcomes which can be extended for future 

estimations. 
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1. INTRODUCTION TO TOBIT REGRESSION 

The Tobit regression is a factual model proposed by J. Tobit in 1957, utilized so as to clarify the connection between a non-

negative ward variable and an autonomous one expecting that there is a dormant variable which directly relies upon the free one 

trough a parameter (B) that decides the connection between the free and inactive factors. As per Varbak (2005) tobit relapse is 

typically the best model when the reliant variable is persistent and has a compelled fury, speaks to a positive variable. This factual 

model has recently been utilized in concentrates, e.g., Trefalsi et al. (2009), Hessian and Nejear (2010), yet in addition the pseudo 

R
2
 can be registered by Effren, Fedan, Colen and Snael R Software likewise gives pseudo R

2
 dependent on Feddan's recipe, as in 

this study while applying the Tobit validate measures. 

The construction of basic tobit model can be represented as follows: 

𝑌𝑖
 = 𝑏𝑎𝑋𝑖 +∈𝑖 , ℎ𝑒𝑟𝑒 𝑖 = 1, 2 …𝑚 

𝑌𝑖 = 𝑌𝑖
 =  

𝑌𝑖 =  𝑌𝑖
 , 𝑖𝑓  𝑌𝑖

 > 0

𝑌𝑖 = 0, 𝑖𝑓 𝑌𝑖
  ≤  0

  

It is defined here, ∈𝑖  = random error of the model, it is shows the unobserved variables are affected the exogenous variable𝑌𝑖
 . The 

𝑌𝑖
  is measure for normally affected by independently and identical distributed. In construction of model, 𝑌𝑖

  shows the hidden 

impact of variables and it can be obtained by using linear regression and follows the condition of 𝑌𝑖 =  𝑌𝑖
 , 𝑖𝑓  𝑌𝑖

 < 0. On other 

hand Yi and Xi represents the independent variables having i = 1, 2 ….m values. Thus, in simple terms it can be represented as: 

𝑌𝑖 =  
𝑏𝑎𝑋𝑖 +∈𝑖 ,

0,   𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
  

While (Hessian, 2003) has restructured Tobit model and supporsed the dependent parameters observes Yi for given i = 1, 2 ….m 

values. The revised model was represented as: 

𝑌𝑖 = 𝑚𝑎𝑥𝑖𝑚𝑢𝑚  𝑌𝑖
 , 0 , It shows the estimated value of latent variables and the errors are estimated as: ∈𝑖 ~ 𝑁(0, 𝜎2), Thus, 

𝑌𝑖

𝑋𝑖

 
~ 𝑁(𝑏𝑎𝑋𝑖 , 𝜎2) 

𝑉𝑖 = 1,  
𝑌𝑖 =  𝑌𝑖

 , 𝑖𝑓  𝑌𝑖
 > 0

𝑌𝑖 = 0, 𝑖𝑓 𝑌𝑖
  ≤  0

  

Due to construction of Vi the ML (Maximum Likelihood) function can be constructed as: 

𝑀𝐿𝑖 =   𝑃(𝑌 < 𝜔)1−𝑉𝑖

𝑚

𝑖=1

 

and, 

 [𝑃 𝑌 < 𝜔 .  
𝑌 

𝑌 ≥ 𝜔
 

𝑉𝑖

]

𝑚

𝑖=1
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Thus the stated function can be rewrite as: 

𝑃 𝑌 < 𝜔 = 𝑃 𝑏𝑎𝑋𝑖 +∈𝑖 < 𝜔 

The construction can be divided by variance of error can be: 

=  𝑃  
𝑏𝑎𝑋𝑖 +∈𝑖

𝜎𝜖
2

<
𝜔

𝜎𝜖
2
  

=  𝑃  
𝜀𝑖

𝜎𝜖
2

<
𝜔 − 𝑏𝑎𝑋𝑖 +∈𝑖

𝜎𝜖
2

 < 𝜑(
𝑏𝑎𝑋𝑖

𝜎𝜖
2

) 

When, 𝜔 = 0, that: 

𝑃 𝑌 < 𝜔 = 𝜑  
−𝑏𝑎𝑋𝑖

𝜎𝜖
2

 = 1 − 𝜑  
𝑏𝑎𝑋𝑖

𝜎𝜖
2

  

𝑃 𝑌 ≥ 𝜔 = 1 − [
𝜔 − 𝑏𝑎𝑋𝑖

𝜎𝜖
2

] 

When 𝜔 = 0, than 

𝑃 𝑌 > 𝜔 = 𝜑  
𝑏𝑎𝑋𝑖

𝜎𝜖
2

  

Also, 

∴ 𝑓[
𝑌 

𝑌
> 𝜔] =

1

𝜎
𝜑{(𝑌 −

𝑏𝑎𝑋𝑖

𝜎𝜖
2 )}

𝑃 𝑌 > 𝜔 
 

=

1

𝜎
𝜑{(𝑌 −

𝑏𝑎𝑋𝑖

𝜎𝜖
2 )}

1 − 𝜑{
(𝑌 −𝑏𝑎𝑋𝑖)

𝜎𝜖
2 }

 

The above calculation supports the maximum likelihood function as; 

𝑀𝐿 =  [1 − 𝜑(

𝑚

𝑖=0

𝑏𝑎𝑋𝑖

𝜎𝜖
2

)].  (𝜎𝜖
2)−1. 𝜑 (

𝑌 − 𝑏𝑎𝑋𝑖

𝜎𝜖
2

)

𝑚

𝑖=0

 

All 𝜑(. ) computed in functions are representing probability density functions and are tested for normality. The base tobit 

regression can be supported by the above construction of functions. 

If the values of Yi and Xi are not observed when, 𝑌 ≥ 𝜔. The results of dairy sector data can be judged for the final model 

construction of tobit regression analysis. 

 

2.  APPLICATION TO DAIRY SECTOR DATA OF GUJARAT: 

An experimental construction of tobit model can be represented for 26 districts of Gujarat state for selected 7 variables (sorted 

based on the step regression analysis) is represented as: 

𝑀𝑖 =  𝜑 + 𝜔1𝑋1 + 𝜔2𝑋2 + ⋯ + 𝜔7𝑋7 + 𝜖𝑖  

Here, M represents total number of states under study for dairy sector of Gujarat state; X1 to Xi are presented as: X1 is presenting 

total bovine population, X2 is presenting total female animal population, X3 is coded for bread animal population, X4 shows milch 

animals, X5 as sex dry ratio in animals, X6 presents wet dry ratio in animals and X7 is coded for vaccination institutes. The last 

term added to model is presenting an error term of tobit model. The model leads to 𝜑 𝑎𝑛𝑑 𝜔 for determining their estimated 

values. The constructed model is follows the condition of normal distribution. The data are coded to binary form and are presented 

for appropriate calculation of each of the parameter studied for dairy sector for interpreting the results.  All seven selected 

parameters of dairy sector are computed and presented in table 1.1. 

 

Table 1.1: Tobit, using observations 1-650 

Dependent variable: MP 

 Coeff. SE z p-value  

Const. −0.532 0.0739 −7.202 <0.0001 *** 

TB_POP 0.217 0.115 1.875 0.0609 * 

FA_POP 0.479 0.199 2.406 0.0161 ** 

BR_POP −0.203 0.181 −1.118 0.2634  

IMA_POP 0.521 0.151 3.440 0.0006 *** 

MI_A 0.153 0.221 0.6900 0.4902  

MA 0.0013 0.0482 0.02750 0.9781  

SR −0.159 0.0506 −3.157 0.0016 *** 

WDR −0.042 0.0479 −0.8798 0.3790  
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LS −0.149 0.0585 −2.562 0.0104 ** 

PC_MA 0.395 0.0626 6.311 <0.0001 *** 

VI 0.0405 0.0629 0.6442 0.5194  

VA 0.187 0.0689 2.714 0.0066 *** 

 

Chi-square(12)  1063.543 p-value  4.1e-220 

Log-likelihood −382.7523 AIC  793.5047 

BIC  856.1823 Hannan-Quinn  817.8158 

 

The basics of tobit regression analysis is presented in table 1.1. The calculation is made based on the shortlisted variables for 

colliniarity. The lists of final seven variables are presented with construction of tobit model. The model summery shows that the 

standard value of error is found 0.506767 (0.0253646) with least p-value (2.28502e-019). The value of standard error is compiled 

for left-censored observations: 327 and Right-censored observations: 0. It shows the normality of data is negatively skewed 

towards the milk production. It is necessary to test the normality of residual with reference to testing null hypothesis that error is 

normally distributed. The results of null hypothesis are tested by taking chi-square test and p-value of the model. The result of chi-

square statistics is found 85.84 with p-value 4.1e-220. The p-value indicates higher level of acceptance of null hypothesis. On 

other hand the chi-square value is computed 1063.54, which is higher than the significance value thus; the statistical null 

hypothesis is rejected in terms of dairy sector data for concluding the errors. Table 1.1 presented the construction of model which 

is now shows final format of construction of estimated  𝜑 =  −0.53 𝑎𝑛𝑑 𝑎𝑙𝑙 𝜔𝑖  values are finally presented in form of function as 

follows: 

 

𝑀𝑃 =  −0.53 +  0.217 𝑇𝐵_𝑃𝑂𝑃 + 0.479 𝐹𝐴_𝑃𝑂𝑃 –  0.203 𝐵𝑅_𝑃𝑂𝑃 + 0.521 𝐼𝑀𝐴_𝑃𝑂𝑃 + 0.153𝑀𝐼_𝐴 + 0.0013 𝑀𝐴

− 0.159 𝑆𝑅 − 0.042 𝑊𝐷𝑅 − 0.149 𝐿𝑆 + 0.395 𝑃𝐶_𝑀𝐴 + 0.040 𝑉𝐼 + 0.187 𝑉𝐴 

 

The Tobit model is runs for testing the sigma value and error value in accordance to all selected twelve parameters. The final 

model is presented as above. It is observed that the slope of model is negative towards total production of milk in Gujarat. The 

impact of each of the parameters are tested individually, the dairy sector is mainly have effect due to the listed variables. The 

result of regression model shows that the total bovine populations of animals have positive impact on model. It shows 21.7% 

impact. The proportions of female animal population have 47.9% positive impact on model. The In milch animals have highest 

impact 52.1% on model. The milch animals, Male Animals, per capita milk availability, veterinary institutions and vaccination 

have positive impact on model. It is computed 15.3%, 0.13%, 39.5%, 4% and 18.7% respectively. Similarly, the breed able 

animal, sex ratio, wet dry ratios and Livestock have negative impact on model. They are recorded as 20.3%, 15.9%, 4.2% and 

14.9% respectively. The positive impact of variables on negative slope shows cross relation to the model and negative values of 

the parameters have positive relation to the model.  

 

It is concluded that female animal population, in milch animal population and wet dry ratio in animals should be improved for 

healthier production of total milk productions. It is also observed that the vaccination institutes are developed for taking care of 

animal by government is having highest effect, which should be managed properly for their best outcomes.   

 

The results of model statistics are also justify the best fit results to the model. The values of testing the model are Log-likelihood, 

Schwarz criterion (BIC), Akaike criterion (AIC) and Hannan-Quinn. All said tests have least values compare to other tobit 

constructions. It is also noticeable here the error term of the model is computed least. The error model is tested at 5% level of 

significance for goodness of fit. Chi-square value for hypothesis that the error of model is not normally distributed is rejected 

towards the computed value 1063.543. It shows that the model has computed for least value or lower error for residuals. The p-

value is computed 4.1e-220 which is also significant.  
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