
Measures of Error for Changes 
in the Consumer Price Index 
January 1978-December 1986

This article presents measures of sampling error for per
cent changes in the Consumer Price Index (CPI). The 
measures of error cover the period between the two most 
recent CPI revisions—January 1978 through December 1986. 
The computation of the measures was made possible by the 
implementation of a full-probability sample design with the 
1978 revision. For the 1987 revision, b l s  again changed the 
sample design, this time to use optimum allocation techniques. 
Within a year, BLS hopes to publish similar information for 
the period since the 1987 revision.

Measures of error reported here are conditional upon 
December 1977 expenditure weights. They are referred to 
as conditional because they do not include the variance of 
price change due to sampling variation of the initial expenditure 
levels used to develop CPI expenditure weights.

Some of the indexes used to determine the measures of 
error presented here differ from the indexes which were 
published. A major factor in these discrepancies is that a rental 
equivalence method of measuring housing price movements 
was used rather than the home purchase method. The rental 
equivalence method was not formally introduced into the CPI 

until January 1983.1
The most commonly used measure of sampling error is 

the standard error of the estimate—the square root of the 
variance. With the standard error of price change, one can 
construct confidence intervals to determine whether price 
changes for CPI series are significantly different from zero. 
This information should assist users in determining which 
index changes are important and in deciding which index 
series to use.

The Reliability of CPI Estimates 

Sources of error

Statistics are variable and therefore are subject to some 
element of error. The total error (the mean squared error) 
of a statistic is made up of two types of error: its variance 
and its bias squared. The variance of a statistic is a measure 
of the precision of the statistic. A low variance of a statistic 
does not necessarily imply a small total error, but indicates 
that the reported measurements used to compute the statistic 
are very close together. Bias is a measure of the validity of

1 Other differences between the published CPI and that which was used 
here include imputation for several index areas, and imputation for the items 
of auto finance charges and health insurance. These additional differences 
explain why the percent changes used here do not exactly correspond to 
the experimental CPI-U-X1, which also used a rental equivalence method 
of measuring housing price changes.

a statistic, or the difference between the statistic and the “ true 
value” of the population characteristic which the statistic is 
estimating. A statistic may have low bias but have a large 
variance, that is, it may be valid without being precise. It 
also may be biased and have a low variance, that is, it may 
be precise without being valid. To be accurate, or to have 
a small total error, requires both low bias and low variance.

The variance of a statistic summarizes how the reported 
values differ across the sample units being measured. It com
prises sampling variance and nonsampling variance and 
depends on repetitions of the survey to be estimated.

Sampling error or variance is a major component of the 
total variance of CPI estimates. Sampling error occurs 
because a sample, rather than a complete census of the 
population of retail prices, is used to develop CPI estimates. 
Sampling error is a measure of the dispersion of the estimates 
which could be calculated from all possible samples of the 
same size from the population. The sampling variance of CPI 

estimates depends on the underlying variability of individual 
item price change in the population, as well as the sample 
size or the number of observations of price change used in 
estimating the CPI.

CPI estimates are also subject to nonsampling error, which 
is an important source of bias and nonsampling variance in 
the CPI. The CPI involves many operations that must be per
formed in order to produce the final estimates. All of these 
are potential sources of nonsampling error. Errors may arise 
from the survey process regardless of whether the data are 
collected from the entire population or from a sample of the 
population. The most general categories of nonsampling er
ror are coverage error, non-response error, response error, 
and estimation error.2

The Bureau is constantly trying to minimize bias and non
sampling variance in estimates by eliminating sources of non
sampling error through computer checks, professional 
review, and continuous survey process improvements. Im
provements to the process for producing the CPI are added 
as soon as feasible. A quality assurance program includes 
the use of the data collection reinterviews, observed inter
views, and independent collection by an audit staff. These 
programs provide feedback to the field staff on errors. They 
also provide information on ways to improve data collection 
and data processing. Finally, field staff receive extensive 
training to maintain high standards in data collection. In spite

2 For a more complete discussion of nonsampling error in the CPI, the 
reader is referred to the BLS Handbook o f  Methods, Bulletin 2285 (1988), 
chapter 19, pp 181-82.
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of these efforts, the Bureau cannot claim that either bias or 
nonsampling variance has been eliminated. The extent to 
which they may affect the CPI is not fully known.

Replication and estimation of sampling variance

To allow for repetition of the survey so that variances may 
be calculated, the CPI sample is divided into exclusive subsets 
called replicates or half-samples. The samples for all the 
index-pricing areas are split into at least two of these 
replicates. For areas that are published (or represent 
themselves in the CPI) such as the New York or Los Angeles 
areas, the samples are broken into at least two exclusive 
subsets. Each of these subsets serves as a replicate or half
sample. For areas that are not published or do not represent 
themselves in the CPI, replicates are structured differently. 
Each unpublished area is designated as a replicate and is 
paired with another unpublished area of the same size class 
and region in order to allow for variance calculation.

These replicate samples provide independent survey repeti
tion. The selection of items to be priced as well as the outlets, 
or locations, in which to price is done independently for each 
replicate of an index area. This allows for the calculation 
of at least two independent indexes for each index area. 
Variances are determined using a random-group estimation 
method, with each replicate index representing a group. In 
a random-group estimation method, indexes calculated for 
each replicate serve as randomly sampled groups and are 
compared with full-sample indexes to determine variances.3 
The replicate CPI’s are calculated for an index area and com
pared to the full-sample index area CPI. The variances for 
index areas are summed, assuming independence over in
dex areas, to estimate variances of higher level geographic 
areas such as regions or the U .S. city average.

The standard error of an index estimate is calculated by 
summing the squared differences between the replicate index 
estimate and the full-sample index estimate, dividing by the 
product of the number of replicates times that number minus 
one, and taking the square root. The general formula is as 
follows:

(ixi-ix)2 1/2
Standard error (IX) =  /  — ~ ~7~

• n(n-l;

j = i

Where IX  is the full-sample index estimate, n is the number 
of replicates, and IX. is the ith replicate sample index estimate.

Measures of sampling error for price 

Presentation of findings

Tables 1-4 show the average percent change, average standard 
error, and range of standard error for the CPI-U, U.S. city average

3 For a more detailed description of variance calculation methods, refer to Sylvia 
Leaver, “Estimating variances for the U.S. Consumer Price Index for 1978-1986,” 
to appear in Processing of the Survey Methods Section, American Statistical Associa
tion, 1990.

for all possible 1-month, 2-month, 6-month, and 12-month 
periods, respectively, from January 1978 to December 1986. 
Tables 5-8, 9-12, 13-16, and 17-20 present the same informa
tion for the CPI-U Northeast, North Central, South, and West 
regions, respectively.

Hie 1-month, 2-month, 6-month, and 12-month price changes 
and standard errors were estimated for all 108 months between 
January 1978 and December 1986. To present this large quantity 
of data in an efficient manner in tables 1-20, average 1-month, 
2-month, 6-month, and 12-month price changes and standard 
errors were calculated. The behavior of price change variance 
for all items and some of the major groups was fairly stable 
and uniform over the 108-month period. Charts A and B display

Chart A: U.S. CPI-U all items 1-month percent 
changes and standard errors

Chart B: 12-month percent changes and 
standard errors

DEC. 78 DEC. 79 DEC. 80 DEC. 81 DEC. 82 DEC. 83 DEC. 84 DEC. 85 DEC. 86
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price change and price change standard error versus time 
for the all-items index for 1-month and 12-month lags, 
respectively. The stability in the standard errors is attributable 
to the high correlation of the index between months.

During the study period, the average 1-month percent 
change in the CPI all-items index for the U.S. city average 
was 0.5 percent (see table 1). The average standard error 
was .05 percent. From chart A, we can see that while the 
percent change was variable over the period of the study, 
the standard error remained relatively flat.

Confidence intervals

If we assume that the sampling distribution of a CPI 
price change estimate is approximately normal, we can use 
the estimate’s standard error to construct “ confidence in
tervals.” These confidence intervals feature upper and lower 
bounds that give, with varying degrees of certainty, the 
reliability of the estimates. By increasing the size of the con
fidence interval, one can increase the probability that it in
cludes the true value being estimated. The confidence inter
val from one standard error below the estimate to one stan
dard error above would include the true value of the measure
ment approximately 68 percent of the time. To achieve 
greater confidence, one could increase the size of the inter
val. For example, by taking the survey estimate plus and 
minus three standard errors, this larger interval would con
tain the true value approximately 99 percent of the time.

Reported in the following table as a demonstration are 95 
percent confidence intervals about the survey estimates for 
percent change in December 1985. These intervals are ob
tained using two standard errors on either side of the estimate, 
and are approximately 95 percent certain to include the true 
value which the CPI is attempting to measure. In other words, 
95 times out of 100 the true change in consumer prices will 
be contained within the confidence intervals constructed in 
this manner. For example, as the tabulation shows, in 
December 1985 the estimate of 1-month price change for 
the U.S. city average all-items index was 0.2 percent and 
the estimate of the standard error was 0.06 percent. Thus, 
the 95 percent confidence interval is from 0.1 percent 
[=0.2-(2 x 0.06)] to 0.3 percent [=0.2 + (2 x 0.06)].

Time
lag

Percent
change

Standard
error

95-percent
confidence

interval

Lower
bound

Upper
bound

1 month ................. 0.2 0.06 0.1 0.3
2 month ................. .6 .07 .4 .7
6 month ................. 1.6 .09 1.4 1.8
12 month ............... 3.8 .15 3.5 4.1

NOTE: Percent changes were calculated using a 1967 = 100 reference base.

Reported in tables 1-20 are estimates of average percent 
change and of average standard errors, along with the range

of standard errors over the period from 1978 to 1986. This 
information provides a guide as to the sampling error within 
these estimates, but because they are averages, they will not 
produce precise confidence intervals. Since price movements 
over the period showed some variation and several different 
trends may be found, the use of averages in determining con
fidence intervals, while giving a rough estimate, could be 
misleading. The average standard errors give the user an in
dication of what one might expect in a typical or average 
month. The range of standard errors provides the actual 
minimum and maximum standard errors of the estimates as 
measured over the entire period.

Analysis of findings

Analysis of the data presented in tables 1-20 reveals three 
important observations about CPI sampling error for price 
changes. First, the standard error of price change increases 
as one moves from the all-items index to major group or in
dividual item indexes, and as one moves from the U.S. city 
average index to regional and (by implication) to city indexes. 
Second, the standard error tends to differ across major cpi 
component groups. Third, the standard error of the price- 
change estimate decreases on a relative basis as price changes 
over longer periods of time are examined. Each of these 
observations is explained in more detail in the paragraphs 
below.

As one might expect, the standard error increases as in
creasingly narrower component indexes below the all-items 
index are examined. This increase is due to the substantial 
drop in sample size as one goes from the all-items to major 
group to individual item indexes. To illustrate, the average 
monthly percent change for the U.S. all-items index was 0.5 
percent, and its average standard error was 0.05 percent. 
The average monthly percent change for the U.S. housing 
index was also 0.5 percent, but its average standard error 
was 0.11 percent, more than twice as large. A dramatic 
reduction in sample size is the primary cause of this increase 
in sampling error. The average monthly sample size for the 
all-items index is approximately 105,000 observations, com
pared to 9,000 for the housing index.

Similarly, standard errors become larger as lower level 
geographic indexes below the U.S. city average are examined. 
Again, the increase is due to the reduction in sample size 
as one goes from the U.S. city average to regional to city 
indexes.

There are two reasons for the varying sizes of standard 
error among the seven major groups. First, the major groups 
differ in sample size. Second, there are real differences in 
major group price behavior caused by different selling practices, 
seasonal influences, and consumer demand. Average standard 
error estimates were the largest and most variable for the 
apparel and upkeep major group. The average standard error 
for the 1-month change, 0.27 percent, was nearly equal to 
the average monthly change of 0.3 percent. Average standard 
errors are the smallest for the transportation major group. The
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average standard error for the 1-month change was 0.06 per
cent, while the 1-month pricexhange for this group averaged 
0.5 percent over the period.

The third observation made above about cpi sampling 
variances is that, up to 12-month time lags, they decrease on 
a relative basis as changes over longer periods of time are 
examined. On an absolute basis, the sampling variance of per
cent change estimates rises as the time period measured 
lengthens. However, while the standard error is increasing, 
it is increasing at a decreasing rate. This improvement in the 
relative precision of the estimates is due in part to the sustained 
high correlation of the indexes at 12-month lags.

The average standard error of the estimates declined in 
relation to the average change as longer time periods were 
considered. For the U.S. city average all-items index, the 
ratio of the average standard error to the average change was

0.05/0.5 = .10 for 1-month changes, 0.07/1.0=.07 for 
2-month changes, 0.09/3.2 = .03 for 6-month changes, and 
0.12/6.6=0.02 for 12-month changes. This demonstrates that 
for longer time periods up to 12 months, CPI estimates of 
price change become relatively more precise. Even though 
the standard error is increasing, the relative precision of the 
figures is improving.

Users should exercise caution when using cpi estimates 
to make inferences about price change for relatively short 
time periods, for individual goods and services, and for local 
areas. The data presented in this study indicate that cpi 
estimates for each of these three dimensions of price change 
may be somewhat imprecise.

For more information, write to CPI Information Office, 
BLS-Room 3216, 600 E Street NW., Washington, DC 
20212, or call Tom Mosimann at (202) 272-5160.
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