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Approach 

Generalized Variance Function 

 
We used the Generalized Variance Function (GVF) method described in Schall (1991). First, we 

fit the log-linear model given by 

              ˆlog var( ) , 1,.. ,v v
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where    0, 
mm N  V . This model can be fitted using the lm function in R to obtain the estimates 

of regression coefficients. We then obtain the smoothed GVF estimates of the sampling variance 

as  * ˆˆ ˆV ( ) exp var( ) / 2 exp , 1,.. ,v v
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y y x  Here  ˆexp var( ) / 2my  represents the bias-

correction term in the log normal regression. We have used the direct estimates, the sample size 

and their interactions as the auxiliary variables in 
v

mx . To tackle the possible problem of 

heteroscedasticity and to refine the predictive ability of the GVF model, we have raised the 

covariates to an exponent. Usually the method of GVF tends to underestimate the variance if the 

correction factor is not used. 

Table S1 reports the selected auxiliary variables and their parameter estimates. The selected 

covariates in the GVF model are chosen according the Akaike information criterion (AIC) value 

and they are significant at 1% level with p-values less than 0.001. Figures S1 and S2 demonstrate 

the residuals of GVF model for the target variables Rural-Earning and Urban-Earning. The 

residuals do not reveal problems of normality and heteroscedasticity and moreover, no potential 

outliers are detected. Figures S3 and S4 exhibit dispersion graphs for both the target variables. In 

Figures S3 and S4, the first plot is between the direct estimates and the log of their variances and 

the second plot is between the predicted value of the log of the variances and the log of the 



variances of direct estimates. Both plots indicate positive linear relationship which validates the 

final selected GVF model. Figure S5 reveals that the smoothed GVF variance increased in similar 

fashion to the variance of direct estimates for the different values of Rural-Earning and Urban-

Earning. Taken together the above diagnostic results, we proceed with the smoothed GVF 

variance as the true sampling error variance of the direct estimates of both the target variables. 

As suggested by Gonzalez-Manteiga at al. (2010), we do not apply a non-parametric variance 

estimation in this case. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S1. Regression parameters, standard error and p-values for the GVF model. 
 

Variable Parameter Estimate standard error p-value 
 Intercept 7.994 1.252 <0.001 

Rural-Earning sqrt(Y1) 0.079 0.012 <0.001 
 sqrt(Y1 n1) -0.003 0.0003 <0.001 
 Intercept 11.180 0.046 <0.001 

Urban-Earning Y2 0.0003 0.000 <0.001 
 sqrt(Y2 n2) 0.0012 0.000 <0.001 

Y1 , Y2 are the direct estimates and n1 , n2 are the corresponding sample sizes for the two target variables. 
 

 
Table S2. Year wise percentage share of population groups in total earning in India. 

 

Year Top 1% Top 10% Middle 40% Bottom 50% 

1961 13.0 38.1 42.6 19.3 

1971 11.7 35.4 44.0 20.6 

1981 6.9 31.6 47.1 21.4 

1991 10.4 35.0 44.9 19.8 

2001 16.3 42.0 39.9 18.1 

2011 21.5 55.2 31.1 13.7 

2019 21.7 57.1 29.7 13.1 

Source: The data is accessed from the World Inequality Database (2021). The latest available 

data for India is  2019. 



  
 

Fig. S1. Residuals of the selected GVF model in rural areas. 
 

 

Fig. S2. Residuals of the selected GVF model in urban areas. 



  
 

Fig. S3. Dispersion graphs in rural areas for observed values under the fitted GVF model. 

Fig. S4. Dispersion graphs in urban areas for observed values under the fitted GVF model. 
 

Fig. S5. Dispersion graphs for earning distribution in rural areas (on the left) and in urban areas 

(on the right) under the fitted GVF model. 
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