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Abstract: Correlations curves are used to measure the degree of association of father’s 

and son’s earnings locally, i.e. at different positions in the earnings distributions. The local 

correlation is nonlinear, and can be very different from local elasticities from 

nonparametric, or quantile regression. Elasticities should not be used to measure the local 

degree of association.  
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1 Introduction 

The purpose of this study is to introduce correlation curves to measure intergenerational 

income correlation. Estimating intergenerational income elasticity, i.e. regressing father’s 

log income on the child’s adult log income, does not, in general, measures the degree of 

association. Interpreting the elasticity as a correlation coefficient is only correct as long as 

the variance in income is the same for the two generations. Solon (1992) clearly discusses 

this issue, but, while the reference is widely used, this insight seems to have lost in 

attention over time. In addition, the dispersion can be different locally, which makes it very 

dubious to interpret the elasticity as local degree of association. For example, Eide & 

Showalter (1999) use quantile regression and state that their objective is “to look for 

differences in explanatory power of father’s earnings across the conditional distribution of 

son’s earnings”. They also refer to the results as “correlation”, but the elasticities obtained 

do not measure explanatory power and, only in special cases, is an interpretation as a 

correlation valid. Björklund et al (2012), use a linear spline regression across fathers’ 

fractiles and find elasticities of 0.896 for incomes and 0.447 for earnings, for the top 0,1% 

of the income distribution of the fathers. They are, in general, careful to refer to the 

elasticities as measures of income transmission, but they do ask “Why is it that the 

intergenerational association is so strong in the top?”. Again, the elasticity does not 

measure the degree of association, and while they make an important effort to explain the 

reasons for the high transmission, its explanation may simply be due to a longer upper tail 

in the son’s income distribution which can inflate the elasticity. It seems to be important to 

measure the degree of the association locally, at either different parts of the father’s or 

son’s income distribution, and a correlation curve is introduced in this study.  



 

 3 

Data from the Panel Study of Income Dynamics (PSID) is used to illustrate how 

correlation curves can be informative. Data from PSID has been used extensively to study 

intergenerational income transmission. See for example, Solon (1992), Eide & Showalter 

(1999), Murtazashvili (2012) and Gouskova et al. (2012). While several methodological 

caveats (i.e. life cycle bias, how to measure permanent income, sample selection etc.) are 

present when intergenerational income transmission is estimated, these issues are 

completely disregarded in this study. The purpose is not to obtain the perfect estimate, 

rather to clarify the importance of distinguishing intergenerational income transmission 

from intergenerational income association, and show how the correlation curve can be used 

to obtain flexible estimates of the latter. Details concerning the literature on 

intergenerational income mobility can be found in the surveys Solon (1999) and Blanden 

(2011).  

 

2 Method 

Bjerve & Doksum (1993) introduced correlation curves, )(xρ , which measures the 

degree of association locally at different values of the covariate X . Their proposed 

correlation curve is invariant to changes in the origin and scale and is 1)(1 ≤≤− xρ  for all 

x . It is accordingly easy to interpret and a suitable alternative to the correlation coefficient 

for nonlinear models. Their correlation curve is defined as, 
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where )|()( xXYExm == , where X  in this case is the logarithm of income of the 

fathers/parents and Y is the logarithm of income of the children at adult age. )(' xm  is the 

slope of the regression function and can be used as a local measure of the intergenerational 
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income transmission. )|var()(2 xYx =σ  is the residual variance. 
xσ  is the standard 

deviation of X . The correlation curve can be estimated parametrically, as showed in Blyth 

(1994), or, by using a more flexible nonparametric estimation technique.  

Bjerve & Doksum (1993) discuss the properties of the correlation curve. These are very 

similar to the correlation coefficient, but an important difference is that, in general, 

)()( ⋅≠⋅ YXXY ρρ . )(xXYρ  is used if we want the measure the local degree of association at 

different positions of the income distribution of the fathers. )(yYXρ  is used if the interest is 

on the degree of association at different position of the adult children’s income 

distribution.  

Local polynomial regression (Fan, 1993), with a normal kernel, is used to estimate the 

regression function, its derivative, and the residual variance, to be able to estimate the 

correlation curve. The optimal bandwidth for the second derivative is found with the data-

driven procedure suggested by Fan & Gijbels (1995). A simple algorithm was used to drop 

extreme outliers in the tails of the income distribution of x , when )(xXYρ  was estimated, 

and y , when )(yYXρ  was estimated. These few observations would otherwise force the 

optimal bandwidth to be the first sufficiently large bandwidth to avoid singularity problems 

due to sparse data. Pointwise bootstrap confidence intervals are included as suggested in 

Nilsson & del Barrio (2012).  

 

3 Data 

The source for the data is the Panel Study of Income Dynamics (PSID). For simplicity, 

the data was downloaded from the Data archive of Journal of Applied Econometrics and 

was used in Murtazashveli (2012). The multiple sons sample with 404 observations is used 



 

 5 

in the analysis. A more detailed description can be found in Murtazashveli (2012). The 

upper part of table 1 includes summary statistics.  

[Table 1 about here] 

Notice that the difference between percentile 10 and 20 is much larger for the sons 

compared to the fathers. If percentiles 5 and 15 are also calculated the larger dispersion in 

the lower tail of the distribution is evident. The difference in log earnings for the sons at 

percentile 10 compared to 5 is 0.80 and at percentile 15 compared to 10 is 0.27. The 

corresponding numbers for the fathers are 0.41 and 0.13. A locally higher dispersion will 

inflate the elasticity in this part of the distribution, and the elasticity will not be close to a 

local measure of the degree of association.  

 

4 Results 

The lower part of table 1 includes results from ordinary least squares (OLS) and 

quantile regression, which are used as departures for the analysis. The elasticity from OLS 

is higher than the correlation coefficient, since the standard deviation is higher for the son's 

earning. Using quantile regression provides elasticity at percentile 10 that is substantially 

higher than in other parts of the distribution. It is found to be as high as 0.59. A correlation 

curve is used to evaluate if the degree of association is high, or if only the transmission is 

high in this position of the son’s distribution.  

[Figure 1 about here] 

Figure 1 includes a scatter plot with the regression function and a correlation curve. The 

dotted curve is the median of the correlations curve from the bootstrap replications, and the 

dashed curves are 95% confidence intervals. The solid grey curve is the corresponding 

elasticity. The elasticity is above 2 at a log earnings between 9.4 and 9.6 for the father. 
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This is certainly an extreme intergenerational transmission and, being above 1, indicates 

that it cannot be used to measure the local degree of association. The correlation curve 

underlines that the degree of association is about 0.8 when the log earnings of the father is 

just below 9.6, where its highest value is found. This is below percentile 20 in the earnings 

distribution of the fathers. The extreme dispersion in the sons’ distribution, at this part of 

the distribution, has made the elasticity to reach very extreme values.  

The scatter plot identifies four observations with son's log earnings below 6.5, and three 

of these are attached with log earnings of a father close to 9.2. As a sensitivity analysis 

these observations were dropped.  

[Figure 2 about here] 

The quantile regression at the 10 percentile is suddenly dropped to 0.33 and it is almost 

the same as in percentile 20, where it is 0.32. Decile 1 is still the decile where the elasticity 

is found to the highest. The point estimate of the elasticity from OLS is also reduced, from 

0.352 to 0.286. The nonparametric estimate of the elasticity is now reduced to above 0.8, 

when father’s log earnings are between 9.4 and 9.6. The correlation curve is just below 0.6 

at the same position. All of the local measures are found to be sensitive to the exclusion of 

only four observations; the local nonparametric elasticity is, at this position of the 

distribution, reduced with more than 50%, while the correlation curve is reduced with just 

above 25%.The elasticity for the first decile when quantile regression is used is also 

sensitive, and the elasticity is almost reduced with 50% compared to what was found 

earlier.  

The final part of the analysis evaluates the quantile regression elasticity to see if a 

correlation interpretation is valid. Now the correlation curve is estimated reversed to see 

the local correlation at different positions of the son’s earnings distribution.  
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[Figure 3 about here] 

The point estimate of the correlation curve at a log earnings of about 9.4, i.e. at the 1 

decile, the correlation curve is just above 0.2. The relation follows an inverted U-shaped 

pattern, and its maximum is reached with a correlation of 0.5 at log earnings of about 10.0, 

i.e. above the median. Interpreting the results from the quantile regression for the lowest 

decile of the son’s earnings distribution as a degree of association is clearly incorrect.  

 

5 Concluding remarks 

An intergenerational transmission, based on an estimated elasticity, should not be 

interpreted as an intergenerational degree of association. In fact, there is no reason to do so. 

A correlation curve is clearly more suitable for answering such question. Using correlation 

curves indicates the degree of association is particular strong just before the second decile 

in the earnings distribution of the fathers, and than gradually decreases, and is close to zero 

at the 8
th
 decile. If the degree of association is evaluated at different positions of the son’s 

earnings distribution, the correlation is particularly strong just after the median, and much 

lower for the tails of the distribution.  

The sample size used in the analysis is very small and many data-related questions 

(such as measure permanent income, life-cycle bias etc.) are left aside. This prevents 

drawing general conclusion from the results, but the analysis clearly shows that correlation 

curves are feasible and highly suitable tools to study intergenerational income correlation 

at different parts of the distributions. If the interest is on estimating a local degree of 

association, the elasticity, is likely to provide inadequate conclusions. Note that the 

elasticity is still a relevant measure, but it only answers questions concerning 

intergenerational income transmission.  
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Tables and figures titles to be inserted in main text:  

Table 1. Summary statistics  

 P10 P20 P30 P40 P50 P60 P70 P80 P90   

 Incomes at different deciles Mean SD 

Son’s earnings 

(1984) 8.99 9.39 9.62 9.80 9.95 10.09 10.24 10.34 10.53 9.78 0.89 

Father’s earnings 

(1967) 9.41 9.65 9.91 10.10 10.19 10.35 10.44 10.53 10.75 10.10 0.67 

 Quantile regression OLS Corr. 

N=404 0.593 0.361 0.336 0.316 0.352 0.325 0.246 0.246 0.248 0.352  0.263 

          (0.064)  

Notes: All regression slopes are significantly different from zero at 1% significance level. Standard 

error is reported in parenthesis for the OLS.  
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Fig. 1. Scatter plot and correlation curve (and elasticity) 

 

 

 

Fig. 2. Scatter plot and correlation curve (and elasticity) when the 4 observations with the lowest son’s earnings are 

dropped.  
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Fig. 3. Scatter plot and correlation curve, given different log earning for the son  

 


