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HE NATIONAL income and product accounts
(NIPAs) provide a timely, comprehensive, and ac-
curate description of the condition of the U.S.
economy. Their two featured measures—gross domes-
tic product (GDP) and gross domestic income
(GDI)—are summary measures of the same concept of
economic activity. GDP measures activity as the sum
of all final expenditures in the economys; it is detailed
on the product side of the domestic income and prod-
uct account. GDI measures activity as the sum of all in-
comes generated in production; it is detailed on the
income side of the domestic income and product ac-
count. In principle, GDP and GDI give the same mea-
sure of economic activity, but in practice, they differ
because each is estimated from different source data.!
Measuring the accuracy of national accounts esti-
mates is a long-standing challenge for three main rea-
sons. One, the early GDP and GDI estimates are based
on partial data and are intended to provide an “early
read” on the general picture of economic activity for
decision-makers. These early estimates are revised as
more complete and accurate source data become avail-
able. Two, the source data for the national accounts
come from a mix of survey, tax, and other business and
administrative data; these source data are subject to a
mix of sampling and nonsampling errors and biases
that cannot be measured in terms of standard errors.
Three, the national accounts are regularly revised to re-
flect the changes in the economic concepts and meth-
ods necessary for these accounts to provide a picture of
the evolving U.S. economy that is relevant and accurate
for today’s economy. These updates range from ex-
panding the definition of investment from investments
in plant and equipment to include investments in
computer software to updating seasonal adjustment
factors to reflect the most recent seasonal patterns.
Accuracy, as a result, cannot be assessed by conven-
tional statistical measures, such as standard errors. It
can, however, be assessed by examining magnitudes

1. Neither GDP nor GDI is a measure of welfare. BEA has previously pub-
lished articles by Edward Dennison (1971) and Arthur Okun (1971) that
argued that it is not possible to modify the NIPAs to produce unambiguous
measures of welfare.

and patterns of revisions. Some of the revisions to the
estimates are due to the replacement of early extrapo-
lations for missing source data or preliminary sample
survey results with more complete and accurate annual
and benchmark data. However, some of the revisions
to GDP and GDI are the result of updates to the con-
cepts against which the early estimates are bench-
marked. These revisions to concepts and definitions
can be significant. In the last six comprehensive revi-
sions (2009, 2003, 1999, 1995, 1991, and 1985), the av-
erage change in the levels of current-dollar GDP for
selected periods was 2 percent, and of that change,
about one-third resulted from changes in concepts and
definitions and about two-thirds resulted from statisti-
cal revisions. (For the 1996 and 1999 comprehensive
revisions, the changes due to definitional changes ex-
ceeded those due to statistical revisions.)

BEA’s standard of accuracy is based on a compari-
son of its early estimates to its “latest” estimates, which
are revised to incorporate the most up-to-date con-
cepts, statistical methods, and the most complete and
accurate source data. These revisions are indications of
the accuracy of BEA’s early estimates; that is, these revi-
sions do not substantively change BEA’s measures of
long-term growth, the picture of business cycles, and
the trends in major components of GDP provide a
consistent and accurate picture of general economic
activity. Economic policy decisions should not need to
be reconsidered in the light of revisions to GDP esti-
mates, and policymakers should be able to rely on the
early estimates as accurate indicators of the state of the
economy. More specifically, BEA judges the accuracy
of its early estimates by whether they present the same
general picture of economic activity as its latest esti-
mates in terms of the following:

e Long-term growth rates
e Trends in saving, investment, government spending,
corporate profits, and other key components of

GDP and GDI

eBroad features of the business cycle, including the
timing and depth of recessions, the strength of
recoveries, and the major components contributing
to growth and contractions
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e The pattern of quarterly growth, including whether
growth in any particular period is high or low rela-
tive to trend, is accelerating or decelerating, or is
positive or negative
Revisions are measured as the changes from an ear-
lier vintage of a given estimate to a later vintage of that
estimate, for example, from the advance estimate to
the third estimate (see the box “Vintages and Timing
of Revisions”). Because the latest available estimates
incorporate the estimates from the most recent com-
prehensive revision, they incorporate all the available
source data that are believed to be the most reliable.
Thus, the latest available estimates are assumed to be
the best estimates and are used as the standards for-ac-
curacy.

Over the long run, this study finds the following re-
sults:

e Revisions to long-term growth rates are small, aver-
aging less than 0.1 percentage point for average
growth rates over the comprehensive benchmark
revisions between 1985 and 2009.

e There are no substantial revisions—as measured by
the shares of GDP or GDI—in key measures, such
as investment and government expenditures or the
national saving rate.

e The revisions to the contributions of key compo-
nents of GDP growth are small and do not substan-

tially change the ordinal rankings of the

components’ contributions to growth over expan-

sions and contractions.

e The overall pattern of change in GDP over business
cycles is little changed by the revisions (charts 1 and
2).

In the short run, there are three vintages of “current
quarterly” estimates of GDP, the advance, the second,
and the third estimates. Each estimate is produced us-
ing a wide mix of source data—preliminary survey re-
sults, such as the Census Bureau’s survey of retail sales
and services, and manufacturers’ shipments, various
indicators, trade industry data and more—that are
later revised to reflect more complete information or
to replace trend projections with data. The three vin-
tages of GDP estimates successfully indicate the follow-
ing:

e The direction of change in real GDP 97 percent of
the time

e The acceleration or deceleration of growth about 72
percent of the time

e The relative magnitude of growth—whether it was
above, near, or below trend (near trend is less than
one standard deviation from the mean) more than
four-fifths of the time

e The cyclical peaks before five of the six recessions in
1969-2006

The Bureau of Economic Analysis (BEA) prepares
quarterly and annual estimates of gross domestic
product (GDP) and gross domestic income (GDI). It
prepares three current quarterly vintages of GDP esti-
mates—advance, second, and third estimates. The
advance estimates for a quarter are released about a
month after the quarter ends. The second estimates for
the quarter are released about 2 months after the quarter
ends. And the third estimates are released about 3
months after the quarter ends. In addition, as part of the
annual revision of the national income and product
accounts (NIPAs) that are released in late July of each
year, the quarterly estimates for the 3 preceding years are
revised.

For GDI, BEA prepares a fourth vintage of quarterly
estimates. These revised estimates, which incorporate
data from the Quarterly Census of Employment and
Wages, are released with the second estimates of GDP for
a quarter. These revised estimates are available beginning
with the estimates for the first quarter of 2002.

BEA initially prepares four vintages of annual esti-
mates—early annual, first annual, second annual, and
third annual estimates. For GDP and GDI, the early
annual estimates for a year are the sum of the third quar-

Vintages and Timing of Revisions

terly estimates for that year. The estimates of GDP are
released in March with the third estimates for the fourth
quarter of the year. The estimates of GDI are released
with the release of the fourth estimate for the fourth
quarter of the year in late May. In most years, the quar-
terly estimates for the first quarter of the previous year is
from the first current annual estimate released the
previous summer.) The current annual estimates for
the 3 preceding years are revised as part of the annual
NIPA revision. After the third annual revision of the esti-
mates for a year is released, these estimates are not
revised or released again until the next comprehensive
revision.

Annual NIPA revisions estimates are superseded by
comprehensive NIPA revisions, which occur about every
5 years. These revisions incorporate changes in defini-
tions, in classifications, and in statistical methodology.
The most recent comprehensive revision was released in
late July 2009. It presented revised annual estimates
for 1929-2008 and revised quarterly estimates for
1947-2008. The latest available estimates are the compre-
hensive revision estimates for 1947-2006, the third
annual estimates for 2007, the second annual estimates
for 2008, and the first annual estimates for 2009.
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e The cyclical troughs of four of the six recessions?

In addition, regardless of vintage, average absolute
revisions to GDP and GDI are generally smaller than
those to most of their components, because revisions
to the components tend to offset each other.

The early quarterly estimates are replaced succes-
sively with three vintages of “current annual” estimates
that are primarily based on increasingly complete an-
nual source data. For a description of GDP source data
and the revision process see Grimm and Weadock
(2006). For a description of a similar progression of

2. No major measure of economic activity has captured the cyclical peaks
and troughs in all the postwar recessions. This applies to the quarterly mea-
sures of GDP and GDI and to the four monthly measures emphasized by
the Business Cycle Dating Committee of the National Bureau of Economic
Research in determining peaks and troughs; see Grimm (2005).
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source data for GDI, see Holdren and Grimm (2008).

Revisions are typically measured in percent changes
at annual rates. This avoids distortions arising from
the trend growth in economic activity that would oth-
erwise make revisions to later year estimates seem rela-
tively larger than those of earlier estimates. For
example, a 1-percentage-point revision to current-dol-
lar GDP for 2009 would be worth about four times as
many dollars as a 1-percentage-point revision to GDP
for 1983.

Other findings in this study include the following:

e Revisions in both current-dollar and real GDP and
their major components are roughly similar to each
other.

eRevisions before and during recessions are similar
to revisions in 1983-2009.

Chart 1. Percent Change in Real Gross Domestic Product, 1983-1996
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e Revisions to the contributions of the major compo-
nents of GDP are small in comparison to their year-
to-year fluctuations, and the ordinal rankings of the
sizes of the contributions of the components are
stable across vintages of estimates.

e The ratios of GDI to its major components retain
their patterns from the current quarterly estimates
to those in place before and after the 2009 compre-
hensive NIPA revision.

e For some purposes, an average of GDP and GDI is
superior to either measure alone.

The mean absolute revisions (MARs) to the annual
rates of change—that is, taking the average of the revi-
sions without regard to sign—from the current quar-
terly estimates for 1983-2009 to the latest available
estimates of current-dollar and real GDP and GDI
have averaged modestly more than 1 percentage point.
That represents a decline from about 3 percentage
points for pre-1960 values for current-dollar GDP (see
Fixler and Grimm 2008).

The MARs within the current quarterly estimates
are somewhat smaller. For example, the MAR from the
advance estimates to the second estimates of real GDP
is 0.5 percentage point, and the MAR from the advance
estimates to the third estimates is 0.6 percentage point.
The MAR from the second estimates to the third esti-
mates is 0.3 percentage point.

The MAR is a measure of accuracy that reflects both
the mean and the spread of the revision so that even if
the revision is zero on average, the MAR will not be
zero, because the variance of the revision will be posi-
tive. In order to assess whether the revision is zero on
average, it is necessary to use another measure of esti-
mate accuracy, such as the mean revision.

Mean revisions (MRs) indicate whether the revi-
sions are generally positive or negative. Because revi-
sions may be offsetting, the MRs are much smaller
than the MARs. The MR from the advance estimates to
the latest estimates of GDP is 0.3 percentage point. As
discussed below, much of this MR reflects revisions
that stem from the comprehensive revisions. The MRs
from both the second and third estimates to the latest
available estimates are both somewhat more than 0.1
percentage point.

To put these MRs into context, for 1983-2009, the
mean growth rate of real GDP was 2.8 percent.> The
growth rates ranged from —6.8 percent to 9.3 percent.

The remainder of this article discusses (1) revisions
to quarterly estimates of GDP, (2) revisions to annual
estimates of GDP, (3) revisions to quarterly estimates
of GDI, (4) revisions to annual estimates of GDI, (5)
the relationships of the quarterly estimates of GDP and

3. This growth rate was affected by the most recent recession. The growth
rate from 1983 to 2007 was 3.1 percent.
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to those of GDI, (6) revisions to quarterly estimates of
the price indexes for GDP, and (7) an alternative
method for examining revisions to current-dollar esti-
mates of GDP. These sections are followed by a brief
summary and conclusions.

Revisions to Quarterly Estimates of GDP
The measures of reliability featured here are MRs and
MARSs from the earlier estimates to the latest available
estimates (see the box “Mean Revisions, Mean Abso-
lute Revisions, Standard Deviations, and Correlations
of Revisions”). Standard deviations of the revisions are
also shown in selected tables and provide supplemen-
tary information to that provided by MARs. The three
measures are shown for revisions from the three cur-
rent quarterly estimates to the latest available esti-
mates.

The measures of revisions for real and current-dol-
lar GDP and its major components are shown in table
1. In 1983-2009, for all three current quarterly vin-
tages, the MARs for current-dollar GDP are about 1.1
percentage points, and those for real GDP are about
1.3 percentage points. The standard deviations have a
similar pattern, with those for current-dollar GDP be-
ing about 1.4 percentage points and those for real GDP
being about 1.6 percentage points. Thus, there are es-
sentially no reductions in MARs or standard devia-
tions from the advance estimates to the second and
third estimates of both current-dollar and real GDP
even though some additional or revised source data are
incorporated and some trend-based projections are re-
placed with source data (see Grimm and Weadock
2006).

The lack of declines in the MARs of GDP in succes-
sive vintages of current quarterly estimates is a phe-
nomenon that has been noted in nearly all of BEA’s
analyses of revisions. Alan Young (1996) suggested rea-
sons why the sizes of later current quarterly estimates
have revisions that are similar to those of earlier vin-
tage revisions. One reason is that the judgmental
trend-based estimates used for some portions of the
estimates are not subject to revisions due to revised
seasonal adjustment factors; an earlier revision study
found that revisions to the seasonal adjustments were
roughly as large as revisions to seasonally unadjusted
estimates. (In addition to the studies listed in the refer-
ences to this article, see earlier studies by BEA in the
references of Fixler and Grimm 2002, 27.)

Another analysis of the reliability of early estimates
that incorporate highly incomplete information can be
made by comparing MARs of the various vintages
with MARs of the average forecasts of the Survey of
Professional Forecasters—that are available on the
Web site of the Federal Reserve Bank of Philadelphia.
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Mean Revisions, Mean Absolute Revisions, Standard Deviations, and Correlations of Revisions

By convention, revisions are calculated as the later vin-
tage estimates less the earlier vintage estimates; that is, for
any time t, the revision is

where L is the change or percent change in the later vin-
tage quarterly or annual estimates, and E is the change or
percent change in the earlier vintage estimates. Percent
changes in quarterly estimates are at annual rates; this
corresponds to the convention generally used for the esti-
mates.

The mean revision is the average of the revisions in the
sample period.

MR=3,R,/nt=1,...,n

The revisions can be positive or negative, so they may
be offsetting. As a result, it is also useful to look at the
mean absolute revision, which is the average of the abso-
lute revisions in the sample period.

MAR=3|R|/n,t=1,...,n

For some purposes, it is also useful to calculate the
standard deviation of the revisions. The standard devia-
tion is the square root of the variance of the revisions. In
turn, the variance is the average of the square of the devi-
ation of the revisions about their mean.

SD(R) = Var(R)'"*

and

Var(R)=%,(R,~MR)Y/n,t=1,...,n

Correlations between revisions to two GDP compo-
nents, R; and R;, may be calculated to examine the rela-
tionship between the revisions. Let MR; and MR be the
mean revisions of R; and Ry, respectively. The correlation
coefficient of the two sets of revisions is

Corrijz [Z,(R;,— MRi)(Rjt_ MRj)]/

2,172

[{Z(R;~MR)*(R,~MR))*} *1.1=1,....n.

Table 1. Average Revisions to Quarterly Estimates of GDP and Its Major Components in 1983-2009

[Percentage points]
Mean Standard Mean Mean Standard Mean
revision deviation absolute revision revision deviation absolute revision
Current- Current- Current- Current- Current- Current-
dollar Real dollar Real dollar Real dollar Real dollar Real dollar Real
Gross domestic product Second.......ccoocenriinriinnninenens *-1.06| *-1.27 5.20 5.85 4.13 4.53
*0.31 0.21 141 1.62 1.16 1.31 THIM e *-142| *-1.65 5.01 5.68 414 4.60
013/ 010/ 135 160|  1.06 1.29 Residential
0141 012) 139 162)  106| 1.32 Advance.... 019 -048| 610 600  468| 446
Personal consumption expenditures 0.10| -0.24 5.67 6.08 4.31 4.67
Advance.... 0.29 0.20 1.52 1.49 1.18 119 -0.01 -0.38 6.01 6.14 413 4.49
83? 8}1 121 }j; Hé }?? Change in private inVentories ... | ..o | | v [ | rneeineeenes [eresssneeens
Durable goods Net exports of goods and services '
Advance..... 0.40 0.36 5.39 5.43 417 4.09 Exports
Second.. 0.36 0.30 5.25 5.26 417 413 Advance.... *1.92| *1.74 5.47 5.38 455 4.36
i 0.30 0.21 5.35 5.36 415 412 Second . 0.72 0.69 4.87 474 3.81 3.62
Nondurable goods Third 0.36 0.36 4.88 4.82 3.85 3.69
Advance..... 0.18 0.45 2.62 2.60 1.99 2.02 Imports
Second.. -0.07 0.21 2.38 2.39 1.75 1.88 Advance 0.69 0.10 9.10 9.81 6.02 6.55
Third.. -0.05 0.24 243 2.39 1.76 1.86 Second . 023 -0.81 8.34| 10.31 5.17 5.86
Services Third -0.24| -1.03 857 1043 5.11 5.81
Advance..... 0.08| -0.04 1.68 1.34 1.19 1.02 || Government consumption
0.08| -0.09 1.70 1.34 1.14] 1.03 expenditures and gross investment
0.09 0.00 1.67 1.43 1.13 1.04 Advance ... 0.34 0.37 343 3.93 224 2.55
Gross private domestic investment Second. 0.10 0.14 3.44 3.85 2.23 2.46
Advance.... -0.46| -0.85 9.11 9.10 6.88 6.82 Third.... 0.18 0.32 3.40 3.87 2.26 2.50
Second.. -0.63| -0.92 9.05 9.26 718 7.22 Federal
-0.71| -1.10 9.12|  9.20 7.18|  7.07 Advance.... 025 -0.06 768 888 480 528
Fixed investment Second . -0.07| -0.18 7.88 8.85 4.93 5.31
Advance..... 012 -0.49 3.58 3.84 2.80 3.01 Third 0.16 0.15 7.78 8.81 4.95 5.33
-0.35| *-0.83 3.34 3.65 2.59 2.90 Defense
-0.52| *-1.05 340/ 368 257|303 Advance.... 027| -047 340| 460 352 301
Nonresidential Second.. 022 -0.19 3.45 3.95 3.35 2.81
Advance .... 002 -051 4.30 475 3.46 3.75 Third . 032| -0.16 3.47 4.03 3.36 2.78
-0.66| *-1.10 434| 474|354 379 Nondefense
1-0.82| *-1.34 425| 472|  340| 385 Advance.... 274 026| 37.24| 3921 1547 17.73
Structures Second.. -3.87 0.04 37.63| 40.13 16.01| 18.09
Advance. *0.96 0.41 8.42 7.72 6.91 5.92 Third.. —-2.88 0.13 34.97| 3841 15.62| 17.69
Second.. 0.13| -0.02 795 717|  627| 539|| stateand local
Third 015/ 019 769 658  621] 514 Advance.... 035 *046 222|214 171 172
Equipment and software Second . 0.16 0.29 2.08 214 1.54 1.69
AAVANCE. ..., -0.25| -0.48 4.90 5.75 383 438 Third 0.18 0.34 210| 216 158 169

* Significant at p-values <0.05.

1. Percentage changes cannot be calculated because of negative values in some quarters.
2. A 1991 change in the accounting treatment of purchases and sales of agricultural goods by the Commodity

Credit Corporation affected nondefense revisions, but not GDP revisions.
The MARs for the advance, second, and third estimates for 1992-2009 are 4.54, 4.57, and 4.56, respectively.
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These average forecasts are based on a number of pri-
vate forecasts and are made soon after the advance esti-
mates for the previous quarter. The MARs for these
forecasts in 1983-2009 are 1.6 percentage points for
real GDP and 1.9 percentage points for current-dollar
GDP; these MARs are only moderately larger than the
MARSs for the current quarterly vintage estimates.

The MARs for current-dollar personal consumption
expenditures (PCE) are only slightly larger than those
for GDP, at 1.1 percentage points to 1.2 percentage
points, and the MARSs for real PCE are 0.1 percentage
point to 0.2 percentage point smaller than those for all
the vintages of the GDP estimates for 1983-2001. Sim-
ilarly, the standard deviations for current-dollar PCE
are about 0.1 percentage point larger than those for
current-dollar GDP, and the standard deviations for
real PCE are about 0.1 percentage point smaller than
those for real GDP. The MARs for both current-dollar
and real PCE are about 1.2 percentage points for the
advance estimates and 1.1 percentage points for the
second and third estimates.

The MARs for most major components of GDP are
generally similar for both current-dollar and real esti-
mates, usually within a few tenths of a percentage
point of one another. Because most estimates are pre-
pared in current dollars and deflated to obtain real es-
timates and because the deflators are also subject to
revisions, it is generally best to emphasize the current-
dollar revisions. Unless otherwise specified, the follow-
ing discussion is valid for both current-dollar and real
estimates.

The reclassification of the detailed components of
PCE as part of the 2009 comprehensive revision af-
fected the composition of the three major components
of PCE, but not total PCE. The effects of the reclassifi-
cation appear to be minimal with regard to revisions to
the major PCE components in both current and real
dollars, though these effects cannot be separated from
the effects of other changes. The MARs for PCE for du-
rable goods declined slightly, those for nondurable
goods increased slightly, and those for services were
largely unchanged; the MARs are generally within
about 0.1 percentage point of those in the previous
study (see Fixler and Grimm 2008). The MARs for du-
rable goods are more than twice those for nondurable
goods and four times those for services.

The MARs for gross private domestic investment
are considerably larger than those for PCE and its ma-
jor components; they range from 6.8 to 7.2 percentage
points. As will be further discussed below, these large
MARs reflect large revisions to change in private in-
ventories. MARs for fixed investment, which excludes
change in private inventories, are less than half as large
as those for total investment. Within fixed investment,
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the MARs for both nonresidential investment and resi-
dential investment are both noticeably larger than the
total, with those for residential investment being
larger. Within nonresidential investment, the MARs
for both structures and equipment and software in-
vestment are considerably larger than the MARs for to-
tal nonresidential fixed investment. At all levels of
disaggregation, there is little or no tendency for the
MARs to decline for later vintages.

The MAR:s for both exports and imports range from
somewhat less than 4 percentage points to somewhat
more than 6 percentage points; they are generally in
the same size range as the components of fixed invest-
ment. Unlike those for the investment components,
the MARs decline by about a seventh from the advance
estimates to the second estimates. The MARs remain
about unchanged for the third estimates.

The MARSs for total government consumption ex-
penditures and gross investment are roughly twice the
size of those for PCE, but smaller than those for the
other major components of GDP. The MARs for state
and local government consumption expenditures and
gross investment are less than half the sizes of those for
Federal defense expenditures and much smaller than
those for nondefense expenditures. The revisions to
the estimates of nondefense expenditures reflect a
change in the accounting treatment of purchases and
sales of agricultural goods by the Commodity Credit
Corporation that was made in 1991. This accounting
change is responsible for more than two-thirds of the
MARSs for nondefense expenditures, but it does not af-
fect the estimates of GDP.

The MRs for GDP and its components are smaller,
generally much smaller, than the MARs for GDP be-
cause the MARs are functions of both the MRs and the
variances of the estimates, which by definition are pos-
itive. This occurs because individual revisions are both
positive and negative and tend to offset one another.
For most of the measures shown here, there is little or
no tendency for MRs to become smaller with succes-
sive vintages of estimates. As discussed below, compre-
hensive revisions contain definitional revisions that
have generally tended to increase both the levels and
the growth rates of GDP.

The MRs for both current-dollar and real GDP are
rather small and positive. The MR for the advance esti-
mate of current-dollar GDP is 0.3 percentage point
and that for real GDP is 0.2 percentage point. The MRs
for the second and third estimates of both current-dol-
lar and real GDP are somewhat more than 0.1 percent-
age point. The MRs of the components and
subcomponents of current-dollar and real GDP are
both positive and negative, and the sign of the MR may
vary with successive vintages. The MRs are generally
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less than 1.0 percentage point for most measures and
vintages. Larger negative MRs for nondefense expendi-
tures reflect an accounting change in the classification
of Commodity Credit Corporation purchases and
sales. The modest sizes of the MRs indicate that the
successive estimates have preserved the trends of GDP
components over time.

The MRs for GDP and its components generally do
not indicate bias. These revisions reflect definitional
changes that are part of comprehensive revisions that
are made to improve the estimates (Fixler 2004). These
definitional revisions have generally, but not univer-
sally, raised both the levels and rates of change in GDP
and some components.

The revisions from the third estimates to the latest
available estimates of current-dollar GDP to revisions
of its major components are positively correlated (ta-
ble 2). Because it is not possible to calculate percent
changes for change in private inventories, both gross
private domestic investment and fixed investment are
shown. Revisions to imports are negatively correlated
with revisions to GDP, as is expected, because imports
are subtracted in the calculation of GDP. Revisions to
federal government expenditures are also negatively
correlated, but the correlation coefficient is not signifi-
cantly different from zero.

The standard deviations of revisions are somewhat
larger than the MARs for the various components, and
the standard deviations for vintages have similar pat-
terns and relationships to those of the MARs (table 1).
Standard deviations also can be used to test whether
the MRs are statistically significant. For 1983-2009, the
MRs for the advance estimates of current-dollar GDP
are statistically significant, but the MRs for the ad-
vance, second, and third estimates of real GDP are not

Table 2. Correlation Coefficients of Revisions From Third
to Latest Quarterly Estimates of Real GDP
and Its Major Components in 1983-2009

Federal
Personal | Gross
consump- | private | Fixed ggr:’setrnmmteigé
GDP tion  |domestic| invest- |Exports|Imports ox endit%res
expendi- | invest- | ment a%d ross
tures ment andg
investment
Personal consumption
eXPENItUreS ........cvvevereevreenns (087228 ORI FURPPORPIOPPIR IPPORTURPOR DUPROPSOTPIIN POTOISPORTORS DRSSO
Gross private domestic
investment............ccoouriiinninns 0.48 =0.02 |- [ e s [ s
Fixed investment 0.39 0.11
Exports 0.30 -0.10
IMPOMS ..o -0.31 -0.05
Federal government
consumption expenditures
and gross investment............ -0.16 -0.13| -0.51| -0.08| -0.20| 0.01|.ccceirrrreen.
State and local government
consumption expenditures
and gross investment............ 0.33 0.19| -0.03| 0.10/ -0.15| -0.15
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statistically significant.? This is the first time that a sta-
tistically significant MR has been found for any esti-
mates of GDP.> As reported previously (Fixler and
Grimm 2008, 19), the MRs for both the second and
third estimates of both current-dollar and real equip-
ment and software investment are also statistically sig-
nificant. These estimates, in turn, are reflected in
statistically significant MRs for both the second and
third estimates of real (but not current-dollar) nonres-
idential fixed investment and fixed investment. The
MRs for the advance estimates of current-dollar and
real exports and of real state and local government
consumption expenditures and gross investment are
also statistically significant.

The signs of the correlations of revisions among the
components are mixed, with nearly half of them being
negative (table 2). These negative correlations are
symptomatic of the tendency for revisions to compo-
nents to offset one another. The offsets, in turn, are
why the MARs for various vintages of GDP tend to be
smaller than those for all of the major components ex-
cept PCE.

Comprehensive NIPA revisions tend to increase
both the levels and the growth rates of GDP. In the four
of the five most recent comprehensive revisions, the
MRs for current-dollar GDP were positive, with an av-
erage of 0.05 percentage point (table 3). In the periods

4. The MRs for the advance to second estimates of current-dollar GDP are
significant.

5. Two previous studies reported no statistically significant MRs for any
current quarterly estimates of current-dollar or real GDP (see Fixler and
Grimm 2005, 2008). The newly significant finding results from the addition
to the sample period of about one-third more quarterly estimates, subse-
quent to the period that was used in the previous studies. With increasing
sample size, the likelihood of statistical significance increases.

Table 3. Average Revisions to Quarterly Estimates of Current-
Dollar GDP and lts Components in Comprehensive Revisions
[Percentage points]

Year of compr%nsive revision Period rg/(i-:‘sai]gn at’;/;%i?te
revision
1991 ... 1983:1-1991:11l 0.05 0.76
1996 .... 1983:1-1995:111 | -0.04 0.60
1999 ... 1983:1-1999:11 0.16 0.54
2003.... 1983:1-2003:1lI 0.03 0.56
2009.... 1983:1-2009:1 0.03 0.43
AVEIAGE oottt | ebsesiens s 0.05 0.58
2009 comprehensive revision : Mean Mean
Cgmponents Period revision arg\?izlilcj)tr?
Personal consumption expenditures... 1983:1-2009:1 0.02 0.30
Nonresidential fixed investment 1994:1-2009:1 0.42 0.78
Residential fixed investment............cococevincineinninns 1994:1-2009:1 -0.12 0.52
Exports..... 1986:1-2009:1 -0.09 0.79
IMPOMS oo 1986:1-2009:1 0.03 1.45
Government consumption expenditures and gross
investment .........ceenciienens 1983:1-2009:1 -0.02 0.42

1. The first quarters of the periods vary because the revisions to estimates of some components were
carried back further than others.
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covered by the comprehensive revisions, the revisions
are cumulative. The MARs for the five comprehensive
revisions averaged nearly 0.6 percentage point.

Some of these revisions are due to the benchmark-
ing the NIPA estimates to quinquennial input-output
tables, but the MARs also reflect definitional changes
and other statistical changes that are a part of compre-
hensive revisions. For example, a major change in the
October 1999 comprehensive revision was the reclassi-
fication of business expenditures for software from in-
termediate consumption (which is not a component of
GDP) to fixed investment. (For a discussion of this re-
classification, see “Revisions to Annual Estimates of
GDP?)

Although the MR for GDP that resulted from the
2009 comprehensive NIPA revision was 0.03 per-
centage point, the MRs for the components range
from —0.12 percentage point to 0.42 percentage point
(table 3). Three of the MRs for the major GDP compo-
nents were positive and three were negative, and the ef-
fects of the positive MRs outweighed those of the
negative MRs. The MARs for the components range
from 0.30 percentage point for PCE to 1.45 percentage
points for imports. The MAR for GDP is smaller than
the MARS for a majority of the components because of
the negative correlations of the revisions to the compo-
nents.

It is useful to examine revisions from earlier vin-
tages of the estimates to subsequent vintages. The
MARSs for the quarterly GDP estimates increase rapidly
from the second estimates to the first annual estimates
and then more slowly; the MARs for the first annual
estimates are at least two-thirds the sizes of those for
the latest estimates (table 4). The MARs for the second
and third estimates to the successive annual revision
estimates continue to increase monotonically; similar
monotonic increases from earlier to later vintages of
annual revisions estimates also occur, and the MARs
for all earlier vintages to the latest estimates are the
largest. Because comprehensive benchmark NIPA revi-
sions occur about every 5 years, the first annual revi-
sion contains the redefinitions and reclassifications
about one-fifth of the time; the second annual revision
estimates, about two-fifths of the time, and the third
annual revision estimates, about three-fifths of the
time. Thus, the MARs for the successive annual revi-
sion estimates reflect the effects of these benchmark
changes as well as the incorporation of increasing
amounts of annual data that are available with 1-to-3-
year lags.

The MARs for the latest estimates decline steadily
from the advance estimates of GDP through the third
annual estimates. This is consistent with the increasing
accuracy of the successive later estimates, assuming
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that the latest estimates are the most accurate.

These same patterns generally hold for the five ma-
jor components of GDP. The MARs for the various
vintages of the estimates of PCE to the latest estimates
are slightly smaller than those for GDP. The MARs for
the latest estimates of government expenditures are
modestly larger than MARs for GDP. The MARs for
three vintages of fixed investment are roughly twice as
large. The MARs for the latest estimates of both ex-
ports and imports are up to twice as large for the cur-
rent quarterly vintages and for the first annual revision
estimates. The MARs for the second and third annual
revision estimates of exports and imports are only
modestly larger than those for fixed investment.

Estimates of GDP components and recent
recessions

One indication of the usefulness of early vintage real
GDP estimates is provided by their ability to accurately

Table 4. Mean Absolute Revisions to Successive Vintages of

Changes in Current-Dollar GDP and Ilts Components in 1983-2009

[Percentage points]

Vintage of revision used as standard

. First | Second | Third
Second | Third annual | annual | annual Latest
Gross domestic product
0.68 1.03 1.15 1.16 1.22
Second 0.27 0.82 0.99 1.06 1.13
Third...... 0.80 0.98 1.06 1.13
First annual 0.84 1.06
Second ann 0.54 0.96
Third annual..... 0.88
Personal consumption expenditures
Advance 1.18
Second 1.1
Third 1.10
First annual 1.01
Second annual . 0.87
Third annual.........cccceeeeveeniieencinins 0.72
Fixed investment
AVANCE ..o 2.80
Second 2.59
Third....... 2.57
First annual . 2.54
Second annual . 2.28
Third annual.........cccccevinniininiiniins 2.1
Exports
Advance 4.55
Second... 3.81
Third....... 3.81
First annual . 3.57
Second annual . 2.76
Third @annual.........ccceevveenveneinineiniiens 2.79
Imports
AQVANCE ..o 6.02
Second 517
Third 5.11
First annual 3.71
Second annual . 2,57
Third annual 2.41
Government consumption
expenditures and gross investment !
Advance. 0.75 0.97 1.21 1.26 1.54 1.39
. . 1.52 1.37
1.47 1.37
114 1.22
0.87 1.03
Third @NNUAL ... e s | e | e | v 0.85

1. For 1992-2009, changes in the accounting treatment of Commodity Credit Corporation purchases and sales

in earlier years result in MARSs for this component that have no effect on the MARs for GDP.
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portray the path of real GDP before, during, and after
recessions. In most of this study, three recessions in the
sample period of 1983— 2009 are used. The most recent
recession in 2007-2009 is also in this period, but only
the first annual revision estimates are available for the
full period of decline, and the third annual revision es-
timates will not be available until the second half of
2012. Vintages of GDP estimates are also available for
two earlier recessions, 1980 and 1981-82.¢ The exami-
nation of all five recessions results in some limitations.
In particular, this study looks at revisions for just the
eight quarters leading up to, and including the peaks of
each cycle. It also looks at revisions for the quarters af-
ter the peaks until the quarters of the troughs. The
study does not look at the periods of recovery after
troughs. The 1981-82 recession began just 12 months
after the trough of the 1980 recession, and the inter-
vening period is too short to permit a good compari-
son with the other recoveries. In addition, there are no
fully revised data for the period after the trough in
2009. Thus, it is possible to study only three recoveries,
and they are sufficiently different from one another so
that no strong conclusions can be drawn.

This study thus examines revisions before and dur-
ing the five recessions, from the third current quarterly
to the second annual revision vintage estimates, and to
the latest estimates.

Generally, the MARs for GDP and its components
in the eight quarters before recessions are smaller to
slightly larger than the MARs for all the quarters in the
1983-2009 period. (table 5). This suggests that there is
little or no deterioration in accuracy in the periods im-
mediately before recessions or during recessions. How-
ever, earlier studies by BEA found that current
quarterly estimates in the periods around the troughs
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Comprehensive revisions have generally preserved
the patterns of change in and around recessions. As in-
dicated in chart 3, the revisions to the rates of change
in real GDP in the July 2009 estimates before the Au-
gust 2009 comprehensive revision and the estimates af-
ter the comprehensive revision around the 1990-91
recession were only minor.” The pattern of revisions
around the 2001 recession is also preserved, though the
small decrease in the third quarter of 2000 was revised
up to an even smaller increase (chart 4). The pattern of
revisions is again generally preserved before and dur-
ing the 2007-2009 recession (chart 5); however, in the
fourth quarter of 2007 and the first quarter of 2008,
the directions of change were reversed.

These revisions include revisions to seasonal adjust-
ments; an earlier study found that revisions to seasonal
adjustments were about as large as the revisions to sea-
sonally adjusted GDP (Fixler and Grimm, 2003). It is
not possible to measure the effects of revisions to sea-
sonal adjustments during recessions because seasonal
adjustment factors are not available for all of the com-
ponents. According to Fixler and Grimm, it is possible
to conclude that the 2009 comprehensive revision pre-
served the patterns of real GDP in and around the five
most recent recessions.?

7. Although not shown here, the revisions to real GDP in the 1980 and
1981-82 recessions were quite small, even in comparison with the revisions
around the 1990-91 recession.

8. An earlier, unpublished study by BEA found that with the exception of
upward revisions to real gross national product in the 197375 recession,
there has been no tendency to revise away recessions over time.

Chart 3. Rates of Change in Real Gross Domestic
Product Near Recessions, 1990-1992

of recessions performed somewhat less well than they Porcent
did around cyclical peaks. 6
July 2009 estimates
= August 2009 comprehensive revision
6. Vintage estimates of GDP and its components begin with 1978.
4
Table 5. Mean Absolute Revisions in the Quarters Before and During
Five Recessions in 1980-2009 )
[Percentage points]
Eight quarters All quarters in
before the peak | Feaktotrough 1983-2009
Third Third Third | Third | Third Third 0
quarterly | quarterly | quarterly | quarterly | quarterly | quarterly
tosecond | to latest |tosecond | to latest |tosecond | to latest
annual |quarterly | annual ' | quarterly | annual |quarterly
Gross domestic product..................... 0.6 1.6 0.4 0.6 1.1 13 -2
Personal consumption expenditures...... 0.5 1.3 0.3 04 1 1.1
Gross private domestic investment........ 2.8 5.2 1.6 2.1 5.7 71
Exports 26 24 0.6 1.0 35 36
Imports . 2.2 26 0.7 23 56 58 ] ] ] | ] ] ] ] ] ]
Government consu expenditures B 1990 1991 1992
and gross investment............ccoccvuns 2.6 1.3 0.9 0.8 1.8 25
1. Four recessions; second annual revision estimates for 2009 have not yet been released. U.S. Bureau of Economic Analysis
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News versus noise

It is often asked whether the revisions result from news
(new information) or noise (measurement error).’ An-
swers can be found by looking at correlations between
the vintage growth rates of GDP and the revisions to
various quarterly vintages of GDP (table 6)."° The

9. For a more complete discussion, see Mankiw and Shapiro (1986).
10. The most recent revisions for the third annual quarterly estimates are
for 2005.

Chart 4. Rates of Change in Real Gross Domestic
Product Near Recessions, 2000-2002

Percent
10

July 2009 estimates
= August 2009 comprehensive revision

-2 | | | | | | | | l |
2000 2002

U.S. Bureau of Economic Analysis

Chart 5. Rates of Change in Real Gross Domestic
Product Near Recessions, 2007:1-2009:1

Percent
6

July 2009 estimates
= August 2009 comprehensive revision

-8 | | | | | | |
2007 2008

2009

U.S. Bureau of Economic Analysis
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shaded sections show the correlations that if signifi-
cant, indicate the importance of new information
(“news”). The unshaded sections show the correlations
that if significant, indicate the importance of measure-
ment error (“noise”). For both current-dollar and real
GDP, the majority of the correlations indicate that the
importance of news is statistically significant at the 5
percent level.

Consider the revisions to the quarterly estimates
(“advance to second,” “second to third,” and “third to
first annual”). For current-dollar GDP, 10 of the 15
correlations in the shaded section are significant, and
for real GDP, 14 of the 15 correlations in the shaded
section are significant, so this is strong evidence in fa-
vor of the news hypothesis. Conversely, in the un-
shaded sections, for current dollar GDP, none of the
six correlations is significant, and for real GDP, only
two correlations are significant, so there is little statisti-
cal evidence in favor of the noise hypothesis.

The picture changes slightly when the revisions to
the annual estimates are considered. For both current-
dollar and real GDP, the first annual to the second an-
nual revision is significantly correlated with the growth
rates in the advance, second, third, and first annual
vintages. However, the revision from the first annual

Table 6. Correlations Between GDP
Growth Rates and Revisions in 1983-2005

Vintage

Correlations First [Second| Third

Third annual | annual | annual

Advance|Second Latest

Current-dollar GDP

-0.06| 019, 022| 022 024 019 0.14
054| 006 0.03| 0.4 0.02 008 0.19
0.09| 016 029 027 025 020 0.3
037 0.14] 0.01| 0.01| 002 006 021

-0.14| -0.14| -0.14| 0.28 025 0.23| 0.12
0.17| 0.8 0.19| 0.01| 0.02| 003 027

-0.26| -0.25| -0.26| -0.30| 0.00| 0.03| -0.07
0.01| 002 0.01| 0.00f 097 075 048
0.05| 0.02| 0.00| 0.04/ 004/ 035 026
063| 084 096 097 069 000 0.01
0.01| -0.02| -0.05| -0.15| -0.24| -0.30| 0.14
095 081 067 013 002 0.00| 0.20

Advance to second ....

Real GDP
Advance to second .... 0.14| 0.42| 040 037 036/ 030 0.27
P-value.......... 0.17| 0.00| 0.00/ 0.00f 000/ 0.00{ 0.01
Second to third.. 026| 025/ 038 030 028 026/ 0.20
P-value........... 0.01| 0.02| 0.00f 0.00f 001 0.01| 0.06

-0.13| -0.13| -0.14| 034 033| 035 024
020 021 0.17| 0.00{ 0.0/ 0.00 0.02

Third to first annual
P-value

First annual to second annual... | -0.22| -0.21| -0.21| -0.23| 0.07| -0.05| -0.02
P-value .....cvveerriricecis 0.04| 005| 0.04] 0.03| 049 0.62| 0.80
Second annual to third annual -0.02| -0.07| -0.07| -0.03| -0.05| 0.25| 0.24
P-value 086| 051| 049| 077 063 0.02| 0.02

-0.14| -0.15| -0.16| -0.28 0.33| 0.34| 0.14
020 0.16| 0.12| 0.01| 0.0 0.19 046

Third annual to latest .
P-value......

Nore. Correlations with p-values <0.05 are shown in bold.
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estimates to the second annual estimates is not signifi-
cantly correlated with the growth rates in the second
annual, third annual, and latest vintages; this is strong
evidence in favor of the noise hypothesis for this vin-
tage. The correlations for the revision from the second
annual estimates to the third annual estimates and the
revision from the third annual estimates to latest esti-
mates are ambiguous, with only a few indications of ei-
ther news or noise.

Revisions to contributions to changes in real
GDP

Insight into the robustness of early vintage estimates is
provided by comparing the contributions to percent
changes in real GDP by its major components. It is de-
sirable that successive vintages of estimates of the con-
tributions maintain similar patterns. Table 7 shows the
contributions of GDP’s five major components for the
years before the most recent recession that began in
December 2007 and for the first year of the recession.
Each year is an average of four quarters of the contri-
butions of components. The succeeding blocks show
the contributions of personal consumption expendi-
tures, gross private domestic investment, exports, im-
ports, and government consumption expenditures and
gross investment. For a given year, the revisions across
the vintages to the contributions of each component
are small in comparison to the year-to-year fluctua-
tions in contributions. The directions (signs) of the
contributions stay the same across the vintages. Fur-

Table 7. Contributions to Percent Change in Real GDP
[Percentage points] !

Vintage 2005 2006 2007 2008

Gross domestic product...............cccccrnerinee

Third quarterly .. 32 32 25 -0.8

Second annual.. 29 25 25 2.7

Latest ... 2.7 25 2.3 2.7
Personal consumption expenditures...........

Third quarterly ................. 2.1 2.6 1.9 -1.0

Second annual.. 21 22 1.6 -1.3

Latest 1.9 2.3 1.2 -1.3
Gross private domestic investment.............

Third quarterly ................ 1.1 -0.3 -0.6 -1.6

Second annual.. 1.0 -0.7 -0.5 -2.8

Latest....... 0.9 -0.5 -0.3 =27
Exports......

Third quarterly .. 0.7 1.0 1.0 -0.2

Second annual.. 0.7 1.0 1.2 -0.6

Latest....... 0.7 1.1 1.1 -0.4
Imports .......

Third quarterly .. -0.7 -0.6 -0.2 1.4

Second annual.. -0.9 -0.5 -0.2 1.5

Latest -0.8 -0.7 -0.1 1.0
Government consumption expenditures

and gross investment....

Third quarterly .. 0.2 0.5 05 0.7

Second annual.. 02 0.4 0.5 0.6

Latest 0.1 0.3 0.4 0.6

1. Gross domestic product estimates are averages of percent changes for the four quarters of each
year and vintage. Contributions of components are averages of percent change contribution for the four
quarters of each year and vintage.
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ther, the ordinal rankings of the components’ contri-
butions (from most positive to most negative) are
invariant over the successive vintages. Thus, the early
vintage estimates of contributions may be judged as
quite robust.

Revisions to Annual Estimates of GDP
The MRs, MARs, and standard deviations for the
“early” annual estimates and the three succeeding cur-
rent annual estimates are shown in table 8. The esti-
mates are in percentage changes of annual estimates of
current-dollar GDP and real GDP and their major
components. The revisions to these estimates reflect
the 2010 annual NIPA revision.

The MARs for both current-dollar GDP and real
GDP are much smaller than the MARs and standard
deviations for the three current quarterly vintages. Like
the annual revision of the quarterly estimates of cur-
rent-dollar GDP and real GDP and their major com-
ponents, the MARs tend to decline with successive
vintages of estimates; however, the tendencies of the
revisions to components of GDP are not entirely
monotonic. The smaller revisions to the components
reflect two factors: (1) annual estimates are unaffected
by revisions to seasonal adjustments, and (2) revisions
that affect the quarterly estimates, such as the replace-
ment of extrapolations with interpolations between
annual estimates, do not affect annual estimates. !

The patterns of the standard deviations for both the
annual estimates and for the quarterly estimates are
similar, but the deviations for the vintages of the an-
nual estimates are smaller than those for the vintages
of the current quarterly estimates. However, the MRs
for the vintages of the annual estimates are generally in
the same size range as those for the vintages of the cur-
rent quarterly estimates. The MRs for the annual esti-
mates of both current-dollar GDP and real GDP are all
positive, and those for the annual revisions to the real
GDP estimates are about 0.1 percentage point larger
than those for current-dollar GDP estimates.'? Most of
the MRs are positive, but the MRs for the first two an-
nual vintages of estimates of both current-dollar and
real fixed investment are negative.

The effects of definitional changes on trends in
growth can be examined by looking at revisions to the
ratios of various components to GDP from the early
annual estimates to the latest estimates. Most changes
have had only modest effects on the trends that existed

11. Fixler and Grimm (2002) found that revisions to seasonal adjust-
ments were about as important as revisions to source data in determining
the overall revisions to estimates.

12. These positive MRs are statistically significant and this, too, is consis-
tent with the tendency for the growth rates of GDP to be revised up at the
times of comprehensive revisions.
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before the changes. For example, even though there
have been a number of definitional changes that af-
fected the estimates of government consumption ex-
penditures and gross investment—such as the changed
treatment of Commodity Credit Corporation pur-
chases and sales—the ratio of government consump-
tion expenditures and investment to GDP has changed
little (chart 6); it has maintained its general pattern
over time, and there are only modest year-to-year devi-
ations in the ratio from early annual estimates to latest
estimates. Typically, this is the effect that most of the
definitional changes have on GDP.

Some changes, however, have had larger effects on
trends in growth. For example, the change to fixed in-
vestment in the 1999 comprehensive revision affected
in the trend in growth (business expenditures for soft-
ware were added to fixed investment). Until 1999, the
pattern of the trend in growth from the early annual
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estimates of fixed investment to the latest estimates is
generally the same; the early annual estimates are well
below the latest estimates. For 1999 forward, the early
and latest annual estimates differ little because both
vintages of estimates incorporated the change. Includ-
ing business expenditures on software as investment
raised GDP by slightly less than 0.5 percent in 1983,
about 1.5 percent in 1998, and nearly 2.0 percent in
2009. Thus, the reclassification of software noticeably
increased both the levels and growth rates of GDP and
raised the ratio of fixed investment to GDP.

Another perspective on MRs can be obtained by
scaling the MRs for GDP and its major components by
the mean percent changes in the measures. No par-
ticular trends in the MRs for GDP and its compo-
nents are evident, though the absolute value of the
MRs for GDP increases steadily from the early annual
estimates—which are first published in April of the

Table 8. Average Revisions to Annual Estimates of GDP and Its Major Components in 1983-2009
[Percentage points]

Mean Standard Mean Mean Standard Mean
revision deviation absolute revision revision deviation absolute revision
Current- Current- Current- Current- Current- Current-
dollar Real dollar Real dollar Real dollar Real dollar Real dollar Real
Gross domestic product Residential
Early annual. 0.18 0.18 0.57 0.72 0.45 0.62 Early annual... 0.41| -0.09 1.67 1.80 1.50 1.51
First annual .. 0.17 0.27 0.44 0.56 0.39 0.53 First annual .... 0.01| -0.29 118 140 086 1.11
Second annual . 0.20 0.34 0.42 0.47 0.30 0.48 Second annual 0.18 0.13 1.16 1.03 0.76| 0.68
Third annual 0.17 0.35 0.33 0.32 0.28 0.39 Third annual ... 0.22 0.17 1.15 1.02 0.77 0.65
Personal consumption expenditures Change in private IVENtOres *.............. | | v [ | s
Early annual .....o.ocoooovsoeserscon 030| 028 069 068 055 056 || Netexportsof goodsand services ...
First annual 0.23 0.35 0.54 0.56 0.42 0.54 Exports
Second annual . 021| 036 046 041 040/ 036 Early annual... 034 034 103 153 078 113
Third annual 021 039 036 029 031 039 Firstannual ... 047| 035/ 08| 135 068 1.04
Second annual 0.19 0.00 0.82 1.31 0.56| 0.82
D”E':ﬁ;eamgf_ oasl osol 122|133l 108l 146 Third annual -010| -022| 101| 142| 059 079
) Imports
First annual... 0.29 0.38 1.21 1.08 1.01 0.92
Second annual.. .| 034] o040 100/ o092 09| o083 Early annual.. 034 -022\ 078 136 060 104
T @MU 034 048] 1.02| 095| 094 086 First annual .. 024\ -010) 057) 101} 041} 073
Nondurable goods Second annual... 0.13| 0.16 053 1.40 0.35| 0.86
Early annual 016 0.6 075 098 063 078 Gov;r:::nrln:;l‘sum .............. 0.03| -0.34| 057 150 0.35| 0.82
: ption expenditures
First annual -0.22 0.14 0.72 0.88 0.61 0.76 and gross investment
Sepond annual.. -0.15 0.20 0.60 0.59 0.50 0.55 EarIy annual... 0.16 0.37 0.75 1.02 0.61 0.76
Third annual -0.18 0.20 0.57 0.50 0.46 0.44 First annual 0.07 0.24 0.77 0.99 057 0.65
Services Second annual 0.11 0.22 0.81 0.87 0.59| 0.66
Early annual.. 0.32 0.25 0.89 0.84 0.68 0.61 Third annual 0.04| 0.14 077 077 0.46| 0.49
First annual... 0.25 0.38 0.68 0.63 0.54 0.58 Federal
Second annual.............ccooeeeveeees 0.18 0.35 0.74 0.58 0.55 0.53 Early annual 0.25| 0.27 138 1.71 0.98| 1.30
Third annual.........cccceeecverecrereceeieeienae 017 0.38 0.53 0.44 0.34 0.43 First annual ... 0.05 0.19 157 1.94 0.88 1.21
Gross private domestic investment Second annual 0.14| 0.23 157 1.81 0.83| 1.17
Early annual ..........ccoooeemeeeeervvvvvevoonnssnsessssns -0.27| -0.61 232 221 197 191 Third annual 017{ 017 174, 183 090 1.09
First annual. . -0.17| -0.38 2.20 217 1.84 174 Defense
Second annual ........c.ceeeeeereereneeeienenns 0.23 0.25 1.66 1.64 1.39 1.35 Early annual ... 0.07 0.02 0.71 1.14 0.62 0.95
Third annual 0.15 0.24 1.43 1.39 1.09 113 First annual .... -0.04 0.05 0.71 0.92 0.49 0.74
Fixed investment Sepond annual 0.03 0.13 0.71 0.68 0.41 0.46
Early annual 025! —0.64 130 144 112 134 Third annual 0.07| 005/ 077 050 040| 0.31
First annual —028| -053| 139 136 144 121 Nondefense
Second annual.........cccccuveeee.. 0.41 0.35 0.97 1.11 0.87 0.96 Early annual.... 0.47 0.28 5.53 5.21 3.70 3.4
Third @NNUALee e, 0.30 0.31 0.97 0.97 0.81 0.77 First annual .... 0.11 -0.19 6.25 476 3.43 2.69
Nonresidential Sepond annual 0.40 0.27 6.21 4.81 3.18 2.57
EQl AUl 054 -016| 208 a2e| 176 259 g IO 033 001 668 503 347 278
First annual -0.35 0.06 1.76 3.08 1.48 2.22 Early annual 015 0.29 103 190 0.89 101
Second annual.. 0.60 1.47 1.25 2.90 1.19 2.14 Fi ' ’ : ’ ’ ’
Third annual 0.45 041 120 3.36 102 189 irst annual 0.12 0.27 0.82 0.94 0.65 0.80
Second annual 0.10| 0.19 0.85| 0.86 066 0.71
Third annual -0.04| 0.11 055/ 058 045 042

1. Percentage changes cannot be calculated because of negative values in some quarters.
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following year—to the third annual revisions (table 9).

Table 9. Mean Revisions, Mean Percent Changes,
and the Absolute Values of Their Ratios in 1983-2009

[Latest estimates less annual estimates]

Third
annual

Second
annual

Early First
annual | annual

Gross domestic product
Mean revision ™ ... 0.18 0.27 0.34 0.35
Mean percent change '.. 2.79 2.7 2.86 2.99
Absolute value? 0.06 0.10 0.12 0.12

Personal consumption expenditures
Mean revision !
Mean percent change
Absolute value?

Gross private domestic investment
Mean revision ' -0.61 -0.38 0.25 0.24
Mean percent change '.. 4.09 3.85 4.25 4.82
Absolute value? 0.15 0.10 0.06 0.05

Exports
Mean revision ' ......
Mean percent change

0.28 0.35 0.36 0.39
2.97 291 3.07 3.21
0.09 0.12 0.12 0.12

0.34 0.35 0.00| -0.22
5.58 5.58 6.50 6.72

Absolute value? 0.06 0.06 0.00 0.03
Imports

Mean revision ! -0.22 -0.10 0.16 -0.34

Mean percent change ".........cccevveenevverinciniines 6.81 6.69 7.23 8.10

ADSOIULE VAIUE? ... 0.03 0.01 0.02 0.04

Government consumption expenditures and
gross investment

Mean revisSion ... 0.37 0.24 0.22 0.14
Mean percent change .. 1.89 2.03 2.08 2.13
Absolute value? 0.20 0.12 0.11 0.07

1. Percentage points.
2. Absolute value is calculated as mean revision divided by mean percent change.
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Definitional revisions as part of comprehensive NIPA
revisions tend to result in increases in the growth rates
of GDP. However, absolute values of the MRs of three
of the five components are larger for the third annual
estimates than they are for the early annual estimates

The mean percent changes, however, vary over the
various vintages of estimates. From the early annual
estimates to the first annual estimates, the mean per-
cent changes for GDP and all the major components
except government consumption expenditures and
gross investment decline. For both the second annual
and third annual vintages of estimates, the mean per-
cent changes for GDP and all the major components
increase.

The absolute values are small: except for the early
annual estimates of government expenditures, all of
the values are 0.12 or smaller. This is consistent with
other findings that mean revisions are small.

Revisions to Quarterly Estimates of GDI
Advance estimates of GDI are not prepared, and since
1995, second quarterly estimates of GDI for the fourth
quarter have not been prepared. The naming conven-
tion used for the current quarterly vintages of GDI and
its components are the same as those used for GDP.
Thus, for example, although no advance estimates are

Chart 6. Ratios of Selected Components to Gross Domestic Product,1983-2009
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prepared for GDI and some of its components, the
estimates of GDI and components that are published
the month after the advance estimates of GDP are
called the second estimates. When advance and second
vintages of the quarterly estimates of components of
GDI have been published, revisions statistics for these
are shown (table 10). The MARs for GDI and its com-
ponents show little or no tendency to decline with suc-
cessive vintages of estimates.

Beginning with the first quarter of 2001, a fourth
vintage of the current quarterly estimate of compensa-
tion of employees—and thus of GDI and net national
factor income—has been prepared. This estimate uses
source data from the Quarterly Census of Employment

Table 10. Average Revisions to Quarterly Estimates of
Gross Domestic Income and Selected Components in 1983-2009
[Percentage points]

Mean Standard agﬁs%ﬂe
revision deviation revision
Gross domestic income
-0.01 1.71 1.28
0.02 1.70 1.24
-0.16 1.83 1.43
-0.03 18.53 7.65
-0.19 18.67 7.59
-0.68 22.34 7.98
Taxes on production and imports

Advance 0.08 3.86 2.88
-0.02 3.84 2.85
0.10 3.93 2.91

Net national factor income *

Advance ......
Second .
Third........
Fourth 2...
Compensation of employees
Advance 0.38 2.68 2.13
Second 0.14 2.65 2.09
Third.... 0.21 2.93 1.90
Fourth 2... 0.02 2.00 1.54
Proprietors’ income
Advance =117 13.68 9.88
Second. -0.80 13.46 9.72
-0.63 12.85 9.24
-0.99 7.88 5.34
-0.62 6.47 4.83
-0.49 6.57 493
Rental income of persons with IVA and CCAdj * | .............ccc.. | ronrinniininns | v
Corporate profits with IVA and CCAdj
AQVANCE ..o esiessssisensens | siseesessessssssass | sesseesessnsssssses | sessessasssnssens
-2.06 18.01 14.35
-3.46 23.41 16.82
2.16 24.27 14.77
1.53 15.90 9.96
1.20 15.36 10.44

IVA Inventory valuation adjustment

CCAdj Capital consumption adjustment

1. Beginning in 1995, there are no fourth-quarter estimates.

2. Estimates begin in the first quarter of 2002.

3. Equals national income plus subsidies less taxes on production and imports, business current
transfer payments (net), and current surplus of government enterprises.

4. Percentage changes cannot be calculated because of negative values in some quarters.

5. Estimates begin in the second quarter of 2002.

Note. None of the mean revisions are statistically significant at the 5 percent level.
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and Wages (QCEW), and it is published at the same
time as the second estimate of the following quarter
(see the box “Vintages and Timing of Revisions”).
These fourth estimates are discussed separately; be-
cause there are only 32 observations in the sample pe-
riod, the findings are much less robust than those for
the other current quarterly vintages.

The MAR for the third estimate of GDI is almost 0.2
percentage point larger than the MAR for the third es-
timate of current-dollar GDP."* Similarly, the standard
deviation for the third estimate of GDI is about 0.3
percentage point larger than the standard deviation for
the third estimate of current-dollar GDP. The MR for
GDI, however, is just above 0.02 percentage point,
compared with the MR for GDP of 0.1 percentage
point. In sum, the revisions statistics for GDI are rea-
sonably similar to those for GDP.

The MARs for all of the components of GDI are
larger than MARs for GDI, and some are much larger.
The calculation of MARs for some components—in-
cluding business current transfer payments, current
surplus of government enterprises, and rental income
of persons—is not feasible, either because of defini-
tional changes during the sample period or because of
negative values in some quarters that make the calcula-
tion of percent changes impossible.

The MARs for net national factor income are
slightly more than 172 times the size of those for GDI.!*
Among the components of net national factor income,
only compensation of employees has MARs similar to
those for net national factor income. The MARs for
corporate profits and for net interest are roughly 10
times the size of those for GDI.

MRs for GDI and its components are smaller than
the MARs, and none are statistically significant.

The MAR for the fourth quarterly estimates of com-
pensation of employees is nearly a fifth smaller than
that for the third estimates. This is an indication that
the introduction of QCEW source data, which are
more comprehensive and broader than the survey-
based estimates of nonsupervisory wages used in the
third estimates, adds to the reliability of the compensa-
tion estimates. The fourth estimate also has a MR of
0.02 percentage point, one-tenth the size of the MRs
for the earlier vintages of estimates.

The MAR for the fourth estimate of GDI, however,
is noticeably larger than that for the third estimate

13. Second estimates are not compared because there are no fourth-quar-
ter estimates for 1995 and thereafter. Fixler and Grimm (2002) found dif-
ferences in the MARs for GDP estimates for the different quarters of the
year, and the lack of second estimates of GDI for the fourth quarter would
make the comparisons of dubious value.

14. Net national factor income is the measure in the present accounts that
is most similar to the concept used for national income in the accounts
before the 2003 comprehensive NIPA revision.
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because a substantial negative correlation between re-
visions to employee compensation and revisions to
GDI less compensation in the third estimate is sup-
planted by a near-zero correlation between the two re-
visions in the fourth estimates. This occurs as
judgmental trends incorporated in the third estimates
are replaced by source-data-based inputs from the
QCEW. The MARs of net national factor income also
increase from the third estimate to the fourth estimate.
Fourth estimates of all the other GDI components are
unchanged from the third estimates.

Composition of GDI
The relative importance of the major components of
GDI has not changed from the earliest estimates to the
latest estimates. In 1983-2009, compensation of em-
ployees is 55 to 58 percent of GDI, with somewhat
higher values in the 1980s and somewhat lower values
in the 2000s. In this period, taxes on production and
imports are 7 to 8 percent of GDI, and consumption of
fixed capital is 7 to 8 percent. Subsidies are roughly 0.5
percent of GDI. The remainder, about one-quarter of
GDJ, is operating surplus.

The main components of operating surplus are cor-
porate profits, net interest, proprietors’ income, and
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rental income of persons.”” The ratios of corporate
profits for the third current quarterly estimates, the
July 2009 estimates before the 2009 comprehensive re-
vision, and the estimates after the comprehensive revi-
sion to GDI range from about 7 percent to 12 percent
of GDI (chart 7).' The pattern of all three vintages of
estimates are similar: declines in the recessions of
2001 and 2007-2009 and gradually rising values in
2002-2006. The third current quarterly estimates are
more volatile than the other two vintages, but the pat-
tern of these estimates is the same.

The sum of the other components of operating sur-
plus show little trend over time. The ratios of the third
current quarterly estimates are generally somewhat
lower than the ratios of the other two vintages and are

15. The other components are business transfer payments, which are 1
percent or less of GDI, and current surplus of government enterprises,
which has ranged from —0.1 to 0.2 percent of GDI.

16. The first quarter of 2009 is the last quarter that third current quarterly
estimates were published before the comprehensive revision; the first quar-
ter of 2000 was selected as the starting point in order to simplify this exam-
ination. Advance and second current quarterly estimates of GDI are not
available for all quarters.

The third current quarterly estimates for 2000 are 2003 benchmark esti-
mates, third annual revision estimates for 2001-2005, second annual esti-
mates for 2006, first annual estimates for 2007, and third current quarterly
estimates for 2008 and the first quarter of 2009.

Chart 7. Ratio of Components of Operating Surplus to Gross Domestic Income, 2000-2009
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somewhat more volatile. Upward revisions to the com-
prehensive revision estimates reflect upward revisions
to rental income of persons. As a result, the ratios of
the third current quarterly estimates range from about
12 to 15 percent of GDI and the ratios of the other two
vintage estimates range from about 13 to 16 percent of
GDI, with the ratios of the comprehensive revision es-
timates ranging from 0.4 to 1.3 percentage points
higher than the ratios of the prerevision estimates to
GDL

The general picture of the ratio of national saving to
GDI is also consistent across vintages of estimates. It is
similar for the ratios of both the third current quar-
terly estimates and the 2009 comprehensive revision
estimates. From early 2000 to the middle of 2009, the
ratios for both vintages of estimates fall by nearly half
(chart 8). In 2004-2007, the third current quarterly es-
timates roughly level off, but the 2009 comprehensive
benchmark revision estimates of the ratio were higher
than in the immediately preceding period. This reflects
higher ratios of personal saving to GDI that are mostly

Chart 8. Ratio of National Saving to Gross Domestic
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due to upward revisions to personal income that are
greater than upward revisions to personal outlays; per-
sonal current taxes are little revised.

In summary, over time, the shares of GDI and the
patterns of growth of the major components of GDI
have been maintained over the course of all the vin-
tages of estimates.

Revisions to Annual Estimates of GDI
The MAR for the early annual estimate of GDI is about
half the size of the MAR for the fourth quarterly esti-
mate (tables 10 and 11). MARs decline sharply in the
first and second annual revision estimates and are
about unchanged in the third annual revision estimate.
The MARs for the early annual estimates of private
consumption of fixed capital and for taxes on produc-
tion and imports are both less than a third the size of
those for the third quarterly estimates, and the MARs
for subsequent vintages of the annual estimates de-
crease steadily.

The MARs for the early annual estimates of net

Income, 2000-2009
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Table 11. Average Revisions to Annual Estimates of Gross Domestic Income and Selected Components in 1983-2009 '
[Percentage points]

Mean revision Mean absolute revision

Early | First |Second| Third | Early | First |Second| Third

annual | annual | annual | annual | annual | annual | annual | annual
Gross doMESHC INCOME ... 0.23| 0.13| 0.13| 0.18 074 048 029 0.30
Private consumption of fixed Capital............cc.ocrumreerirnrereeieereeerecseesceee s 0.66| 053] 066 -026| 220 1.94 1.67 1.59
Taxes on production and imports 046| 039 027 009 114 075 073 067
Net national factor INCOME 2.t 022| 0.47| 0.16| 021 082 060 042 041
Compensation Of EMPIOYEES.........cvuevrerererinesseesesisesseeieeens 010 O0.11| 0.1 0.13| 088 037 022 024
Proprietors’ income with inventory valuation and capital consumption adjustments 071 067 038 074 379 298| 232| 251
NONFAMM oo 037 051 037 068 381| 334| 242| 279
Rental income of persons with inventory valuation and capital consumption adjustments 2 ... [ [oneeiineees [ [ervneeinens [ernensinees [eeseersens [eessneeesens | ooeesneeens
Corporate profits with inventory valuation and capital consumption adjustments......... -0.73| -0.32| -0.45| -0.74| 720 6.52| 4.19| 3.19
Net interest and MISCEllANEOUS PAYMENTS .........cuuuiuriiriiiiiiii bbb 173| 095| -0.03| -0.54| 6.76| 577| 343| 225

1. Periods ending in 2008 for first annual, 2007 for second annual, 2005 for third annual.
2. Equals national income plus subsidies less taxes on production and imports, business current

transfer payments (net), and current surplus of government enterprises.
3. Percentage changes cannot be calculated because of negative values in some quarters.
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national factor income are less than half the size of the
MARSs for the third quarterly estimates (table 11), and
they also decline steadily with subsequent vintages.
The MARSs for the annual estimates of the other com-
ponents of GDI are also less than the MARs for the
current quarterly estimates of these components, and
they decline from the early annual estimates through
the second annual revision. The MARs for the third
annual revision estimates increase slightly for compen-
sation of employees and proprietors’ income.

The MRs for all the components of GDI except cor-
porate profits and the second and third annual revision
estimates of net interest are generally positive. Like the
quarterly estimates, the MRs for the annual estimates
are much smaller than the MARs for GDI and for its
components.

GDP and GDI

GDP and GDI are both measures of the same concept
of activity in the U.S. economy (Fixler and Nalewaik
2004). They are constructed using different source
data, but they are, in theory, estimates of the economic
output of the economy. The true state of the economy
is never known, but it is reasonable to assume that in
any period, both GDP and GDI present a more or less
unbiased estimate of output.

The relative merits of GDP and GDI as measures of
economic activity have been discussed extensively. For
a recent discussion, see Nalewaik (2010) and the ac-
companying comments by Landefeld (2010). Nalewaik
finds some explanatory power for revisions of GDP
from the early estimates of GDI; the paper argues that
GDI has some superior statistical properties and finds
some significant relationships between GDI and some
other cyclical measures, especially the unemployment
rate.l” Landefeld points out that missing source data
prevents preparing advance estimates of GDI for all
quarters and second estimates of GDI for the fourth
quarter. He also suggests that the quality of source data
for the other current quarterly estimates of GDP is su-
perior to that of GDI. Depending on which vintage of
estimates is examined, the strength of the underlying
source data is key to perceptions of accuracy. For ex-
ample, the second annual revision estimates of GDI,
which are the first vintage to incorporate tax data into
estimates of the income components, have a slightly
lower MAR than that for the second annual revision
estimates of GDP, while the first annual MAR for GDI
is much larger than that for GDP.

17. As part of the preparation for this article, the authors reexamined the
statistical relationship between the unemployment rate and the statistical
discrepancy (noted by Nalewaik) and found that the apparent contempora-
neous correlation was vitiated when lags and serial correlation corrections
were included in the regression equations.
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The difference between GDP and GDI is known as
the statistical discrepancy. There are several different
vintages of both GDP and GDI, and for each vintage
pair of GDP and GDI estimates, there is an associated
statistical discrepancy. Chart 9 depicts the statistical
discrepancy for three vintages of GDP and GDI. Each
vintage is expressed in logged form in order to convert
the exponential trend in GDP and GDI to a linear
trend before taking the difference.

It seems likely that a weighted average of GDP and
GDI might have smaller revisions because the mea-
surement errors in the early vintages are unlikely to be
perfectly correlated. In table 12, the variances of dif-
ferent weighted sums of GDP and GDI for the third
quarterly estimate and for the latest estimate for
1983-2009, for 1983-1992, and for 1993-2009 are
shown. The largest MARs are for GDI in all three peri-
ods. The weighted averages are constructed by assign-
ing weights (that sum to one) to the levels of GDP and
GDI. The percent changes underlying the table are
those of the weighted-together levels.

The weighted averages have smaller MARs than ei-
ther GDP or GDI alone. This is consistent with GDP
and GDI being independent measures of the same
variable—unknown true economic activity. For both
the third estimates and the latest estimates, GDP has a
smaller variance than GDI. The differences, however,
are small. For 1983-2009, the MAR of GDP is about
0.2 percentage point smaller than the MAR of GDI and
about 0.1 percentage point larger than the smallest
MAR for weighted averages of GDP and GDI. These
MARs may be compared with an average rate of

Chart 9. The Statistical Discrepancy by Vintage
of Estimates, 1983-2010
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growth of current-dollar GDP of 5.6 percent.

Based on the quality of source data, the earlier esti-
mates of GDP should be more accurate than the earlier
estimates of GDI. Nearly four-sevenths of the source
data for the third current quarterly estimates of
GDP—and thus the early annual vintage—are based
on monthly or revised monthly data (Grimm and
Weadock 2006). In contrast, only about one-sixth of
the source data for the third current-quarterly esti-
mates of GDI is based on comprehensive or direct in-
dicator data (Holdren and Grimm 2008).

Note that the variances of the weighted average are
not linear with respect to the weights because GDP
and GDI are not perfectly correlated (table 12). In fact,
for the latest estimates, the correlation between the two
series is sufficiently low so that a weighted average of
GDP and GDI has a lower variance than GDP itself. If
both GDP and GDI are each interpreted as the sums of
true, unobserved, economic activity and measurement
errors, it is possible to infer that a weighted average of
GDP and GDI is a more accurate measure of output
than either GDP or GDI alone because some of the
measurement error is averaged out, and this is re-
flected in the reduced magnitude in subsequent revi-
sions to the weighted average.

In table 12, the largest MARs for GDP, GDI, and se-
lected weighted averages of the two for each of the
three periods are denoted by boldface numbers, and
the smallest by shaded cells. In all the samples, the
MARs for GDI are greater than that those for GDP.
However, the MAR for a weighted average of the two
series is below the MARs for GDP and for GDI. In each
sample, the smallest MARs are provided by different
weighted sums that are at least 50 percent GDP.

The MAR is a measure of both the mean and the
spread of the time series of revisions; that is, even if the
revisions have a mean of zero, the revisions would not
be expected to have an MAR of zero, because the revi-

Table 12. Mean Absolute Revisions and Variances of the Third

to Latest Estimates of Current-Dollar GDP and GDI
[Percentage points]

Variances, 1983-2009
GDP |.75P+.25!|.67P+.33| .5P+.5| |.33P+.67l|.25P+.75]| GDI
Third oo 7.93 7.94 7.97 8.07 8.23 8.33 8.72
Latest......couerereenne 9.20 8.90 8.91 9.10 9.51 9.80( 11.00
Mean absolute revisions
GDP | 75P+.251 | 67P+.331 | 5P+.51 |33P+.671|25P+.75| GDI
1983-2009.............. 1.12 1.01 0.99 1.00 1.07 113 1.33
1983-1992............. 1.07 1.04 1.06 1.13 1.21 1.26 1.43
1993-2009.............. 1.15 0.98 0.95 0.93 0.99 1.05 1.27

Nortes. Bold indicates highest value in the row, and shade indicates lowest value in the row.
A weighted sum of the levels of GDP and GDI are calculated as x*GDP + (1-x)*GDI, where x is in
the range of zero to one. The percent changes are then calculated using the weighted values.
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sion series exhibits variance around the mean. As table
12 demonstrates, GDP and GDI vintage pairs are not
perfectly correlated series, meaning that some
weighted average of GDP and GDP offers a more accu-
rate measure of output. More advanced statistical tech-
niques also find that a combination of GDP and GDI is
preferred to either alone (see the box “Is GDP or GDI
Responsible for the Statistical Discrepancy?”).

Another way of comparing GDP and GDI is their
performance around turning points. Grimm (2005)
found that neither measure captured all of the turning-
point quarters as determined by the Business Cycle
Dating Committee of the National Bureau of Eco-
nomic Research (NBER). Around the peak quarters,
weighted sums of one-third to two-thirds of GDP have
the smallest MARs (table 13). GDP alone has the larg-
est MARs, but it is tied with GDI for the quarter after
the peak. Around the trough, GDP also has the largest
MARs. Around the trough, GDI has the smallest
MARs, but at the trough quarter, it has the largest
MAR, and a weighted sum favoring GDP has the
smallest. However, because of the small sample size,
these results must be viewed with some caution.

Thus, tables 12 and 13 suggest that weighted sums
of GDP and GDI do better than either alone for large
periods of time, and around cyclical peaks. Around cy-
clical troughs, the results are less clear,

GDP Price Indexes

Average revisions to the price indexes for GDP and its
major components have much smaller MARs than ei-
ther real or current-dollar GDP and its components.
For example, the MAR for the third estimates of the
GDP price index is 0.3 percentage point; in compari-
son, for the third estimate, the MAR the of real GDP is
1.1 percentage points, and the MAR for the current-
dollar GDP is 1.3 percentage points.

The MARs for the three current quarterly vin-
tages of estimates—advance, second, and third esti-
mates—are shown in table 14, page 28. The sample
period is 1997 to 2009; current quarterly estimates of

Table 13. Mean Absolute Revisions Around Cyclical Turning Points of
the Third to Latest Quarterly Estimates of Current-Dollar GDP and GDI

[Percentage points]

GDP | 75P+.25! | 67P+.33 | 5P+.5| |33P+.67I|25P+.751 | GDI
Prior quarter................. 3.24 1.57 1.54 1.48 1.46 1.51 1.79
Peak quarter ... 2.68 0.66 0.64 0.77 1.20 1.4 2.06
After quarter............c...... 1.21 0.74 0.59 0.41 0.57 073 1.21
Prior quarter................. 2.86 2.55 2.44 2.32 2.7 2.15 1.99
Trough quarter 2.89 2.79 2.88 3.07 3.26 3.35 3.72
After quarter............c...... 243 1.83 1.70 1.52 1.34 1.28 1.1

Nores. Recessions: 1969-70, 1973-75, 1980, 1981-82, 1990-91, and 2001.
Bold indicates highest value in the row, and shade indicates lowest value in the row.

A weighted sum of the levels of GDP and GDlI are calculated as x*GDP + (1-x)*GDI, where x is in the range of

zero to one. The percent changes are then calculated using the weighted values.
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chain prices began during 1996.!% The largest MARs
are for the price index for imports, followed by those
for the price index for federal nondefense expendi-
tures.

The MRs for the price indexes for GDP and its ma-
jor components are generally not smaller than those
for real GDP and current-dollar GDP and its major
components. The standard deviations for the price in-
dexes, however, are smaller. As a result, the MRs for
GDP and some of its major components are statisti-
cally significant.

18. The switch to chained price indexes began in 1996, and the 1997 start
for the sample period is based on this.
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The MRs for all three quarterly vintages of the esti-
mates of the price index for GDP are statistically signif-
icant. The MRs for the price indexes for all three
vintages of residential fixed investment and govern-
ment consumption expenditures and gross investment
are also statistically significant. Within government ex-
penditures, the MRs for price indexes for the advance
estimates of the price index of federal defense expendi-
tures and for all three vintages of state and local gov-
ernment expenditures are significant. Except for the
advance estimate of current-dollar GDP, these MRs are
all larger than the corresponding MRs for the three
vintages of real and current-dollar estimates of GDP.

The difference between the GDP and GDI—the “statisti-
cal discrepancy”—can be large and persistent over time.
Though GDP and GDI are constructed using different
source data, conceptually, they are estimates of the same
entity—the economic output of the economy. Therefore,
the statistical discrepancy can be thought of as the sum of
the measurement error in GDP and the measurement
error in GDI. We investigate which measure of out-
put—GDP or GDI—contributes more to the statistical
discrepancy.

Let ygpp; denote the log level of GDP, and let ygpy;
denote the log level of GDI at time ¢. Then let

Xt = Yepp,t ~ YeDI t

denote the statistical discrepancy (in log levels). If each
measure of output is comprised of “true” output
(¥1rRUE,) and a measurement error (ugpp,for GDP and
ugpy» for GDI), then the statistical discrepancy is the dif-
ference between the measurement errors. Algebraically,

Xt=Yepp,t~ YoDI,t
=Y1rUE,t T UsDP,t~YTRUE,t~YGDI,t
=Ugpp,t—UcDI t.

Hence, the statistical discrepancy can be thought of as the
sum of the measurement error in GDP less the measure-
ment error in GDI.

The Kalman (1960) filter was used to estimate “true”
output that is based on the observable time series of GDP
and GDI. The filter works by predicting “true” output
growth in the current period through the use of “true”
output growth in the previous period. It then constructs
the mean square error of observed GDP and GDI output
growth in the current period. The filter updates the esti-
mate of “true” growth in the current period by minimiz-
ing the mean square error (the sum of variance and
squared bias) of GDP and GDI growth. The filter recur-
sively estimates the whole time series of “true” output

Is GDP or GDI Responsible for the Statistical Discrepancy?

growth by recursively updating the estimates until no
further reductions in mean square error can be made.
This approach is used by Greenaway-McGrevy (forth-
coming) to decompose the growth rates in the latest cur-
rent-dollar estimates of GDP and GDI into “true” growth
in output and measurement errors over 1983-2009.

The chart exhibits the statistical discrepancy x, and the
cumulative measurement error in GDP and the cumula-
tive measurement error in GDI.

Note that by construction, at each point and time ¢, the
solid black line (the statistical discrepancy) is equal to the
sum of the other two lines (GDP and GDI measure-
ment errors). The measurement error series that more
closely tracks the statistical discrepancy indicates which
source—GDP or GDI—is more responsible for measure-
ment error. It is clear from the chart that the solid green
line more closely tracks the solid black line, particularly
since the early 1990s, indicating that GDI measurement
error is mostly responsible for the statistical discrepancy.

Log-difference in current dollars

0.3 — -
— Statistical discrepancy
— GDI measurement error
02l.77: GDP measurement error

) e e e . v i B B

1983 86 89 92 95 98 2001 04 07 10

U.S. Bureau of Economic Analysis




28 Revisions to GDP, GDI, and Their Major Components

Another Way of Measuring Revisions
All BEA studies of the revisions to the NIPAs have fea-
tured revisions to percent changes in GDP and its
components. Percent changes are used because the size
of the economy has grown greatly over time. For exam-
ple, current-dollar GDP in 2009 is about 4 times the
size of GDP in 1983, and a 1 dollar revision in 1983 is
proportionally a much larger revision than a 1 dollar
revision in 2009. Similarly, real GDP in 2009 is some-
what more than twice the size of real GDP in 1983.

The use of percent changes has some disadvantages.
First, percent changes cannot be used to measure
changes in measures such as change in private invento-
ries that have both positive and negative values; a per-
cent change has no meaning, for example, when going

Table 14. Average Revisions to Quarterly Estimates of Price
Indexes of GDP and Its Major Components in 1997-2009

[Percentage points]

Mean
absolute
revision

Mean |Standard
revision | deviation

Gross domestic product

*0.25 0.70 0.38
*0.24 0.72 0.36
*0.20 0.69 0.31

Personal consumption expenditures

Advance 0.07 0.52 0.42
Second... 0.11 0.52 0.45
TR oot 0.12 0.62 0.47

Nonresidential fixed investment
0.22 0.84 0.78
0.20 0.83 0.75
0.18 0.83 0.72

Residential fixed investment

Advance 1.69 1.82
Second... 1.68 1.57
Third.......... 1.55 1.48

Change in private inventories '
Net exports of goods and services '
Exports

Advance
Second...

Imports
Advance

Government consumption expenditures and gross
investment

*0.55 0.93 0.92
*0.46 0.92 0.87
*0.41 0.91 0.82

*0.60 1.70 1.35
0.75 4.06 1.85
0.40 1.64 1.24

Federal nondefense

Advance . 0.09 2.60 1.82
0.70 5.34 242
0.05 2.63 1.84

*0.58 1.16 1.06
*0.53 1.05 0.94
*0.47 1.02 0.86

* Significant at p <0.05
1. Estimates are not available.
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from a negative value in one period to a positive value
in the next period. This limitation means that the im-
portance of revisions to inventories cannot be directly
examined. Similarly, because net exports may have
both positive and negative values, it may not be possi-
ble to calculate percent changes for all periods. Second,
the effects of percent changes in two components can-
not be directly compared. For example, a 1 percent re-
vision to PCE, which accounts for about 70 percent of
GDP, means much more to the overall economy than a
1 percent revision to fixed investment, which accounts
for about 16 percent of GDP. Third, there is a well-
known phenomenon that the revisions to larger aggre-
gates, measured in percent changes, are typically
smaller than those to their components because their
subcomponents’ revisions tend to offset one another.
With a percent change formulation, however, the oft-
sets cannot be examined directly.

An alternative approach is to scale the revisions to
produce dimensionless units so that a 1-unit revision
at the end of the period of analysis means about the
same thing as a 1-unit revision at the beginning of the
period. The scaled measures used here are the ratios of
the components to trended activity. First differences in
the scaled measures can be used in the same way that
percent changes are used to measure revisions in the
rest of this study.

More formally, the scaling is done by dividing the
values of the components by trend economic activity,
which is defined here as a detrended unweighted aver-
age of GDP and GDI that is constructed using a Ho-
drick-Prescott filter.”” Scaled GDP component C of
vintage i is defined as

Ci = Component i,/ Trendactivity,

First differences of the scaled measures are then
used instead of the percent changes. First differences
are from the then-latest-available estimate of the previ-
ous quarter (vintage j) to the i current quarterly vin-
tage of the then-current quarter.

The first difference is Aci,t = Ci,t_ Cj,t— 1.

For example, the first difference for the advance es-
timate of the first quarter of 2009 is calculated using
the third current quarterly estimate for the fourth
quarter of 2008. The C; , can be used in the same types
of revisions calculations that the percent changes in
components support. The revision from vintage i to

19. The trend estimates here use a penalty (lambda) parameter of 1,600
and are not unique; a different lambda—or an alternative methodology
such as a logarithmic trend—will yield somewhat different estimates of
trend activity. The detrending is not ideal, because the shares of the compo-
nents in the total tend to change somewhat over time. In particular, the
share of imports increases from less than 10 percent in 1983 to more than
16 percent in 2007, before declining cyclically.
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vintage n would be
Rin,t = ACn,t_ Aci,t .

The results of this methodology are directly compa-
rable among components as well as for aggregates like
GDP.2° A 1-unit MAR in a component will, ceteris pari-
bus, yield a 1-unit MAR in GDP. Similarly, a 1-unit re-
vision to one component means the same thing as a 1-
unit revision to another component.?! A caveat of this
approach results from the fact that there are many
ways to calculate trends; the units of measure are thus
internally comparable but cannot be compared with
the results of calculations using a different trend com-
putation methodology.

Measures of the revisions of the third estimates to
the latest estimates are shown in table 15. The scaling
methodology allows both the calculation of revisions
to estimates of change in private inventories and a di-
rect evaluation of their impact on revisions to GDP.
The ratio of GDP to trend activity is slightly greater
than 1.000 because the trend measure is not con-
strained to equal GDP over the sample period. The ra-
tio of change in private inventories to trend activity is
very small, 0.003, reflecting the existence of both posi-
tive and negative values in the various quarters. How-
ever, the ratio of the absolute value of change in private
inventories to trend activity is much larger, 0.306.

The MRs are generally small and, with the exception
of fixed nonresidential investment, positive. The MARs

20. This methodology cannot be used for real GDP. BEA estimates real
GDP by chaining together its components. As a result, real GDP does not
equal the sum of its components.

21. Because the constant-share assumption does not quite hold, the
results of the scaled revisions for the components are not precisely additive;
this has little effect on the qualitative results described here.
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are many times larger than the MRs. The MAR for fi-
nal sales of domestic product is somewhat larger than
that for GDP, as the revisions to final sales are partly
offset by revisions to change in private inventories. If
the sample period for federal government expenditures
is shortened to 1992 in order to eliminate the effects of
the revised accounting treatment for Commodity
Credit Corporation purchases and sales, the MAR for
federal government expenditures is reduced by some-
what more than half. Unlike the percent change calcu-
lations, the MARs for all of the components of GDP
are smaller than the MAR for GDP. The MAR for
change in private inventories is the largest among the
components, and the MAR for state and local govern-
ment is the smallest (chart 10). The ordinal rankings of
sizes of the MARs for components is quite different

Table 15. Revisions to GDP and Its Components in 1983-2009

Ratio Mean
to trend rg/?s?gn absolute | Intensity
activity revision
Decimal | Scaled units Units
Gross domestic product 1.002| 0.043| 0272 0272
Personal consumption expenditures. 0.676| 0.024| 0.175| 0.259
Nonresidential fixed investment 0.156| -0.009| 0.099| 0.634
Residential fixed investment 0.044| 0.001| 0.039| 0.865
Change in private inventories 0.003| 0.005| 0.219| 0.717
Exports 0.099| 0.014| 0.087| 0.883
Imports . | 0127 0.002| 0.137| 1.085
Federal government consumption expenditures
and gross investment............ccocooeiniiniisninnins 0.077| 0.014| 0.100| 1.299
State and local government consumption
expenditures and gross investment .................... 0.117| 0.017| 0.053| 0.456
Addenda:
Final sales of domestic product..............ccccereverees 0.998| 0.085| 0.324| 0.325
Federal government consumption expenditures
and gross investment, 1992-2009 0.069| -0.001| 0.046| 0.667

Activity = (GDP + GDI)/2

Trend activity is HP-filtered activity, with the HP filter curvature penalty set to 1,600.
Intensity = MAR/Ratio of activity to trend activity

Absolute value of (Change in private industries)/Trend activity for inventories

Chart 10. Shares of Trend Activity and Mean Absolute Revisions, 1983-2009

1.20

I Share Mean absolute revisions

Nore. For shares, the y-axis scale is decimal; for mean absolute revisions, the y-axis is percentage points.
U.S. Bureau of Economic Analysis

1.00
0.80
0.60
0.40
0.20
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from that shown for the percent changes in table 1.

An “intensity” measure may be calculated that
scales the MARs by the ratios of the components to
trend activity. This scaling allows the direct compari-
son of revisions to one component of GDP to the revi-
sions to all of the other components, and thus the
evaluation of the importance of the revisions of one
component compared to those of other components.
This is useful because indirect comparisons using per-
cent changes have suggested that revisions to invento-
ries were disproportionately important in revisions to
GDP relative to revisions to other components. In the
calculations, the intensity of change in private invento-
ries is obtained by dividing the revisions in the scaled
estimates by the ratio of the absolute values of change
in private inventories to trend activity. (And similarly
for the other components of GDP.) Although the in-
tensity for change in private inventories is more than 2
15 times as large as that for GDP, it is well within the
range of the intensities of the other components. Thus,
by the intensity measure, the revisions to change in
private inventories are not outliers.

Summary and Conclusions

The results of this review are generally consistent with
those of previous studies.??

22. Although not included in this review, the reliability of real GDP esti-
mates around the most recent five recessions—excluding the most recent
recession—are the same as that presented in a previous study (Fixler and
Grimm 2005). Full revisions are not yet available for the most recent reces-
sion.
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eThe estimates of GDP and GDI are accurate; the
MARs for both measures are modestly above 1.0
percentage point.

e The MRs for both GDP and GDI are near zero and
reflect the improvements in measures of economic
activity and the expansions of the definition of eco-
nomic activity that have been introduced in com-
prehensive NIPA revisions that adapt the NIPAs to a
changing economy.

eRevisions to the major components of GDP have
preserved the trends found in the early estimates.

eThe quarterly estimates are accurate indicators of
whether the economy is growing at rates above,
near, or below the long-term trend.

eThe MARs for all of the annual estimates of GDP
and GDI are half, or less than half, of those for the
current quarterly estimates. The MARs decline
modestly with each succeeding vintage of estimates
from the early annual estimates to the third annual
revision estimates.

e The revised estimates of GDI and compensation of
employees that are published 5 months after the end
of each quarter reduce the MAR for compensation
but not the MR for GDI.

o GDI provides additional and valuable information
about the course of true economic activity, which is
never observed.

e The MARs for price indexes for GDP and its major
components are small in comparison with the
MARs for the corresponding real and current-dollar
measures.
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