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The current functional form for the United States 
Consumer Price Index (CPI) is a Laspeyres index. The 
Bureau of Labor Statistics has been investigating 
alternative forms and is calculating a test series based 
on a geometric mean index. This report deals with 
estimating the sampling variance for this alternative 
form of the index. 

The CPI is a modified Laspeyres index, which is a 
ratio of the costs of purchasing a set of items of fixed 
quality and quantity in two different time periods. The 
index is estimated at the PSU level although not all 
PSUs are published. Let IXit,s denote the index at time 
t, in PSU i, relative to time period s. Then 

IXit, s = 100*CWit / CWis 

where CWit and CWis denote the aggregated weighted 
prices in PSU i for times t and s respectively. 

This investigation is in two parts. First, a simulation 
is run to attempt to investigate the biases in different 
estimation methodologies. Second, variances for the 
test indices are estimated using available software. 

In section one the estimators will be described. In 
section two the simulation is presented. The estimates 
for the test indices will be given in section three and 
conclusions and future directions will be presented in 
section four. 

1. Introduction to the Form of the Index 

For a full discussion of the CPI the reader is 
referred to Chapter 19 of the BLS Handbook of 
Methods, (1992). However, the following features of 
the CPI are important for the present discussion. 
According to the Handbook, p 176, "The CPI is a 
measure of the average change in the prices paid by 
urban consumers for a fixed market basket of goods 
and services." It is calculated monthly for the 
population of all urban families and also for the 
population of wage earners and clerical workers. The 
CPI is estimated for the total US urban population for 
all consumer items, but it is also estimated at other 
levels defined by geographic area and groups of items 
such as food, shelter, and transportation. 

Pricing for the CPI is conducted in 88 PSUs in 85 
geographic areas (New York area consists of 3 PSUs 
and the Los Angeles area consists of 2 PSUs). In the 
CPI area design there is random selection of PSUs 
according to a stratified design in which one PSU is 
selected from each stratum. 

The alternative form of the index being considered 
is a geometric mean index. This index is a ratio of 
modified cost weights which are the geometric mean of 
the weighted prices at the given time periods. If IGit, s 
denotes the alternative index, nicknamed the geo-index, 
at time t, in PSU i, relative to time period s, then 

IGit, s = 100*GWit / GWis 

where GWit and GWis denote the geometric means of 
weighted prices in PSU i for times t and s respectively. 
The weighted geometric mean of the time t prices is 

R/w. 
GWit- ]--[ O,t 

j ~-li 
where P represents the price and w represents the 
sampling weight of item or unitj. It should be pointed 
out that the given form is algebraically equivalent to 

Z £w O. log(Ptj.,t) 

GWit  - e;~I~ 
This form is convenient for linearization and also 
shows that the geo-index is a function of price change 
at the item or unit level. 
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For the properties of the different index forms the 
reader is referred to Diewert (1995). This paper will 
not deal with the relative merits of the different index 
forms but only attempt to investigate estimates of the 
sampling variance of the indices. 

Previously, there has been much work on estimating 
sampling variance of the Laspeyres form of the CPI. 
Dippo and Wolter (1983) compared Taylor Series 
approximations to jackknifing. In a series of papers the 
Taylor series approach was used to estimate the 
sampling variance of the CPI in Leaver (1990), Leaver 
et. al. (1991), and Leaver and Swanson (1992). A large 
study of CPI variance was presented in Leaver and 
Valliant (1995). The current work builds on the work 
of the previous studies and is a beginning on estimating 
variances for the geo-index. 

2. The Simulation 

In order to investigate the bias of different forms of 
variance estimators, a computer simulation was run. 
An artificial population of values, considered either 
prices or rents, was generated for an initial period plus 
twelve consecutive time periods. The population index 
values were calculated for both the Laspeyres and 
geometric mean form. 

Samples were generated from each of 100 
populations 1000 times in order to simulate the 
sampling variance of the indices. The size of each 
population was 2000 items or units and a 10% sample 
was generated which would roughly correspond to 
monthly sample sizes for housing units in small to 
medium size PSUs. 

In each generated sample, replicates were assigned 
and sample variance estimates were calculated by two 
methods. First, the index form was linearized and a 
variance estimate was calculated based on the 
replicates. Second a jackknife estimate was calculated 
The number of replicates generated was set at either 2, 
4, or 8. In the current sample design the largest three 
PSUs have four replicates each, the other self- 
representing PSUs have two replicates each, and the 
lowest level published indices for the non-self- 
representing PSUs have four to eight replicates. 

The simulations for the geo-index and for the 
Laspeyres index variance estimates behaved in an 
unremarkable way. The only thing of note was that the 
jack-knife and linearized estimates were closer for the 
geo-index than for the Laspeyres index. Both geo- 
index and Laspeyres index variance estimates were of 

similar magnitude and both were upwardly biased. 
This upward bias for the jackknife variance estimator 
has been observed in other empirical studies as 
described in Fay (1984). Table 1 gives the bias in the 
variance estimate, estimate - true value, as well as 
standard deviations of the variance estimates for each 
of the four methods. Graphs in Appendix 1 show the 
distribution of bias of estimates versus true value for 
each of the four methods. Each point in each graph is 
the bias of a variance estimate based on 1000 sample 
simulations. The pattern in the residuals is explained 
by the magnitude of the estimate and the fact that the 
estimates are positive. 

Table 1. Empirical Biases and Standard Deviations 
of Variance Estimates in 1000 Samples of Size 200 

from 100 Artificial Populations of 2000 Units. 

Index Method 
Geomean 
Geomean 
Laspeyres 
Laspeyres 

Bias Std. Dev 
Jackknife 0.000721 0.00396 
Linearize 0.000629 0.003909 
Jackknife 0.000772 0.004193 
Linearize 0.00061 0.003994 

3. Test Indices on Production Data 

The Bureau is currently producing a test geo-index. 
The Commodities and Services portion of the index has 
begun production but at this point there are not a 
sufficient number of months to study. The Housing 
portion of the index has produced five years of back 
indices from January 1991 to December of 1995. 
There are two item stratum producing Housing geo- 
indices. One index is for rent and the other is Owner's 
Equivalent Rent (OER). These test indices were used to 
estimate the sampling variance of geo-indices for 
Housing. 

Because the test geo-index is not being run in our 
production environment a test Laspeyres index is being 
produced simultaneously with the geo-index for 
comparison. Estimates of variance for both the test 
geo-index and the test Laspeyres index were produced 
using a stratified random groups estimator implemented 
in VPLX. Details of this estimator are given in Leaver 
and Valliant (1995). For a description of the VPLX 
software see Fay (1990). Variances for the production 
Laspeyres index have also been produced for the same 
period of time. 

Price change was calculated for both one and twelve 
month periods. Variances were estimated at the All- 
U.S. level and for each of the four Census regions. 
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Graphs of 12-month price change with two-standard 
error bands are presented in Appendix 2. Six-year 
price change estimates and standard errors are given in 
Table 2. The graphs show that the test indices are 
smoother and have smaller variances than the 
corresponding production index. The estimates of 
sampling variance for both test Laspeyres and test geo- 
indices are very similar. 

Differences in price change estimates between the 
two test series and the production Laspeyres series and 
their standard errors were also estimated using the same 
VPLX methodology. Graphs of these differences in 
12-month price change with two-standard error bands 
are also presented in Appendix 2. Differences in 
average 1-month price change and six-year price 
change and their standard errors are given in Table 3. 

Table 2. Six-Year Price Change and Standard Errors for Rent and Owner's Equivalent Rent, 
U. S. All Cities CPI for Production Laspeyres, Test Laspeyres, and Test Geo-Index Estimators 

index Series 6-Year Percentage Price Standard Error 
Change, 8912-9512 

Production Laspeyres 
SE2101 Rent 17.8366 .4497 
SE2201 OER 23.6049 .6694 

_ 

Test Laspeyres 
SE2101 Rent 18.4308 .4011 
SE2201 OER 20.2106 .5405 
Test Geo-index 
SE2101 Rent 19.3718 .3815 
SE2201 OER 20.6326 .5251 

Table 3: Differences between Estimator Series and Their Standard Errors for Rent and 
Owners Equivalent Rent, U.S. All Cities Average CPI, December 1989-December 1995 

Series Comparison and Item 

Test Laspeyres - Test Geo-index 
SE2101 Rent 
SE2201 OER 

Difference, Standard Difference, Standard 
Average 1-Month Error 6-Year Error 

Price Change, Price 
9001-9512 Change 

Production Laspeyres - Test Laspeyres 
SE2101 Rent 
SE2201 OER 
Production Laspeyres - Test Geo-index 
SE2101 Rent 
SE2201 0ER " 

, ,  

-.0110 
-.0049 

-.0069 .0034 
.0389 .0042 

-.0179 .0037 
.0340 .0042 

.0014 -.9410 .1147 

. 0 0 2 0  - , 4 2 2 0  ii720 ~- 

-.5942 ,2923 
3.394 .3736 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

-1.5352 .3159 
2.9724 .3781 

4. Findings 

Table 2 shows some small but noticeable 
differences in variance estimates between the three 
series. The differences in standard error estimates 
between the test Laspeyres and test geo-index series are 
very small. The production series for both rent and 
owners equivalent rent are more variable than either 
test series. For owners' equivalent rent, this is largely 

attributable to the differences between the estimators 
prior to changes described in Henderson and Smedley 
(1994) which were applied to the production series in 
January 1995. These changes were applied to the test 
series for the entire six-year period. In the case of rent, 
it appears that the deletion of certain very low rents in 
both test series produced larger estimates of measured 
price change as well as dampened price change 
variability. 
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In terms of long term change, it is quite clear that 
the two test series are estimating different measures. 
The test Laspeyres estimator produced a lower price 
change measure than the test geo-index over the six 
year study. This difference is most remarkable in the 
rent series. Large differences in long term price change 
between production and test Laspeyres estimators in 
owners' equivalent rent are attributable to the formula 
difference discussed above. 

The current research indicates the variance 
estimates for the geo-index behave similarly to the 
estimates for the Laspeyres index. There is no 
indication that the distinction in functional forms is 
producing a different estimate of variance. 

The major task is to decide which type of variance 
estimator to use for the geo-index in a production 
environment. 
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Appendix2" 12-Month Price Change and Comparisons, 9101-9512 
U.S. All Cities, Laspeyres and Geomeans Estimators, Rent and OER 
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