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ABSTRACT: Consider a volatile labor market where people loose job between two time points. Volatility is defined as the proportion of persons having jobs at the first time point but unemployed at second time point. This study is restricted to the same sample at two time points. The problem is to estimate the unemployment rate at the second time point, using regression method of estimation. The focus of this study is the effect of volatility on variance and CV of estimated unemployment rate; effect of volatility has not been studied before. It is concluded that larger is the volatility, larger is the variance even when the unemployment rates at two time points remain the same. Sample size requirement to keep the CV within a reasonable level has also been found as a function of volatility. The results of this study may be useful in the Periodic Survey of Labour Force Survey to be conducted by NSSO, Government of India.
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1. introduction 

On the basis of the report of a committee of the National Statistical Commission, Government of India, it is planned to conduct a Periodic Labour Force Survey through NSSO. [For details see PLFS (2009).] The survey is planned to select two non-overlapping random samples from the same population. Information from the first set of units is planned to be collected at each successive time points. The second set of fixed number of units is to be selected afresh at each time point from the population units excluding the first set of units. The sampling scheme is similar to what is known as linked cross-sectional sample introduced by Rao and Rao (1966).

Two problems arise while planning such a sampling scheme.

  (i)  Given the total sample size at each time point, what should be the size of fixed set of units?

  (ii)  How to construct an estimator of unemployment rates at a given time point using the current as well as the data from the past time points?

Rao and Rao (1966) studied the first question for data that are normally distributed. For some other methodological issues, see Clarke, Woolson and Clarke (1988). 

This study is restricted to a fixed set of units observed at a given time point only. Each subject in the sample is asked to report both current and previous employment status. A regression estimator is used to estimate the current rate of unemployment, regressor being the reported unemployment rate at the previous time point of the same set of subjects.  Volatility is defined as the proportion of people reported to be employed at the previous time point, but currently has no job. Effect of volatility in estimation has not been studied before. A focus of the study is on the effect of volatility in the labour market on variance and CV of estimated current unemployment rate. It is concluded through graphs and charts that larger is the volatility, larger is the variance even when the overall unemployment rates at the two successive time points remain same. It is also concluded that, to keep CV within a reasonable limit, larger sample is required when volatility is large.

2. ESTIMATION PROCEDURE
Let n be the size of the fixed set of sample units from a population of N units. N will be assumed to be large, as in NSS surveys. We shall consider an SRSWOR sample. Let t2 denote the current time point and t1  the previous time point.

We, further, assume that the change in N between the two time points can be ignored.

Let nab denote the number of persons in the sample with the symbol ‘a’ at t1 and the symbol ‘b’ at t2.

Both a and b can be + or – representing ‘unemployed’ and ‘employed’ status. 

Thus, e.g., n-+ is the number of people in the sample who are currently unemployed (at t2) but were employed at t1, etc. 

Let Nab be the corresponding number of people in the population and pab= Nab /N.

Then  
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  respectively are unemployment rates at t1 and t2 . p-+ is then the measure of volatility. 
Since we have an SRSWOR sample, (n++, n+-, n-+, n--) has a multinomial distribution with respective cell probabilities (p++, p+-, p-+, p--) with n+++ n+-+ n-++ n--= n and p+++ p+-+ p-++ p--= 1.
For large n, we use normal approximation for (n++, n+-, n-+) which leads to the following,
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Now,   
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            So, the conditional distribution of 
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 given   is univariate normal with 
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              variance  
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3. REGRESSION ESTIMATOR

Let 
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 be the estimator of unemployment rate at time point ti , i=1,2. Usual estimators of 
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Here we use the regression method of estimation to estimate
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 .The estimated unemployment rate at time point t1 is used as the regressor.

                 The regression estimator of p2 is given by the expectation of the mean of conditional distribution of  
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The variance of the regression estimator of p2 is given by


.
                                              (3.1)

 Here the study is made by taking
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4. EFFECT OF VOLATILITY ON ESTIMATED UNEMPLOYMENT RATE

The main purpose here is to study the effect of volatility on the variance of estimated current unemployment rate, i.e. , 
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 given by (3.1) , as a function of  p-+ .
Study is made separately for the following cases.

     (a)  The unemployment rates are the same at t1 & t2 ,
     (b)  the unemployment rates at t1 is greater than that at t2  and

      (c)   the unemployment rates at t1 is less than that at t2 .
The effect of volatility will be studied graphically and is presented in Figures 4.1, 4.2 and 4.3.

In each figure, p-+ is the x axis and y axis represents n*variance given by (3.1). The value of p-+ ranges from 0 (when none lost jobs) to maximum of p1 and p2.

The following three graphs illustrate the effect of volatility on variance of estimated unemployment rates for each of above mentioned three cases. 
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Figure 4.1:  Effect of volatility on variance of estimated unemployment rates with unchanged unemployment rates p1= p2= p

It follows from Figure 4.1 that

· for low volatility, variance remains same  for different unemployment rates ,

· for higher volatility,  the larger the  unemployment rates the higher is the   variance and

· for fixed volatility, variance increases as  unemployment rate increases .
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Figure 4.2:  Effect of volatility on variance of estimated unemployment with increased unemployment rates p1 < p2
It follows from Figure 4.2 that

· larger the volatility , the higher is the variance and

· for fixed volatility, variance  increases with the increase in p1 , p2 remaining fixed.
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Figure 4.3:  Effect of volatility on variance of estimated unemployment rate with decreased unemployment rates p1 > p2
It follows from Figure 4.3 that

· for low volatility, variance is the same for fixed |p2-p1| , and increases with the increase in volatility and
· for fixed volatility variance increases with the increase in p1 .
Thus we may combine and conclude that larger is the volatility, the larger is the variance of the regression estimator of the unemployment rate.

5. EFFECT ON COEFFICIENT OF VARIATION
The coefficient of variation (CV) of the regression estimator is given by 
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where 
[image: image26.wmf]2

ˆ

()

Varp

 is given by (3.1).

To keep the coefficient of variation within a reasonable limit, one needs to increase n when the standard deviation of an estimator is large. Since increase in volatility increases the variance of unemployment rate, the following three graphs are presented to illustrate the effect of volatility on CV of estimated unemployment rates for each of three above mentioned cases.
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Figure 5.1:  Effect of volatility on CV of estimated unemployment for equal population unemployment rate p1 = p2 = p

It follows from Figure 5.1 that

· larger the volatility the higher is the CV for equal unemployment rates at two time points and

· larger the unemployment rate the lower is the CV , for fixed volatility ,
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Figure 5.2  :  Effect of volatility on CV of estimated unemployment rate with  increased unemployment rates  p1 < p2     
It follows from Figure 5.2 that

· larger the volatility, the higher is the CV of the estimator  ,

· for lower volatility CV increases with the increase in p1, p2 remaining fixed; for higher volatility CV is same for different values of  p1 and

· the larger the unemployment rate at t2 the lower is the CV , for fixed volatility and fixed p1 .
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      Figure 5.3:  Effect of volatility on CV of estimated unemployment rate with decreased unemployment rates  p1 > p2
It follows from Figure 5.3 that

· larger the volatility, the higher is the CV of the estimator  ,

· for lower volatility larger the difference |p1 -p2 | , the higher is the CV, p2 remaining fixed; for higher volatility CV is same for different values of  |p1 -p2 |  and

· for lower volatility larger the value of p1, higher is the CV, p2 remaining fixed; for higher volatility CV is same for different values of  p1 .
If the sample size n is chosen such that coefficient of variation is y % then, we’ve
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The tables 5.1, 5.2 and 5.3 give the different values of n, sample size, for different values of p-+, for given values of p1 and p2  and CV=5%.

Table 5.1: Showing the sample size for different values of p-+, for given values of p1 =p2 =p (Figure 5.1)

	p1 = p2      = p
	p-+
	Sqrt(n) CV
	n

	0.06
	0.02
	3.023418
	3656

	
	0.04
	3.787084
	5737

	
	0.06
	3.950043
	6241

	0.07
	0.02
	2.628556
	2764

	
	0.04
	3.363138
	4524

	
	0.06
	3.633755
	5282

	0.08
	0.02
	2.323965
	2160

	
	0.04
	3.017161
	3641

	
	0.06
	3.332767
	4443

	
	0.08
	3.37832
	4565

	0.09
	0.02
	2.08214
	1734

	
	0.04
	2.732158
	2986

	
	0.06
	3.064008
	3755

	
	0.08
	3.178942
	4042


Table 5.2: Showing the sample size for different values of p-+, for given values of p1 < p2. (Figure 5.2)

	p1
	p2
	p-+
	Sqrt(n) CV
	n

	0.06
	0.07
	0.02
	2.386518
	2278

	
	
	0.04
	3.298047
	4351

	
	
	0.06
	3.628221
	5266

	0.07
	0.08
	0.02
	2.096922
	1759

	
	
	0.04
	2.942746
	3464

	
	
	0.06
	3.316972
	4401

	
	
	0.08
	3.380049
	4570


Table 5.3: Showing the sample size for different values of p-+, for given values of p1 > p2. (Figure-5.3)

	p1
	p2
	p-+
	Sqrt(n) CV
	n

	0.07
	0.06
	0.02
	3.193429
	4079

	
	
	0.04
	3.821187
	5841

	
	
	0.06
	3.948594
	6237

	0.08
	0.07
	0.02
	2.796325
	3128

	
	
	0.04
	3.410993
	4654

	
	
	0.06
	3.637586
	5293


We conclude from Tables 5.1, 5.2 and 5.3 that larger sample size is required when the variability is large in all three cases.
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