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figure 3

Contributions to real gross domestic product growth
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Notes: Each panel plots the component’s contribution to real gross domestic product growth from 1954:Q1 through 2008:Q1. Each 
vertical axis marks the respective component’s minimum and maximum values as annual growth rates in percentage points, and each 
horizontal axis marks the date at which it achieved its minimum value. The panels’ vertical scales are the same, so one can compare 
the contributions’ movements visually. The shaded areas mark recessions as defined by the National Bureau of Economic Research.
Source: Author’s calculations based on data from the U.S. Bureau of Economic Analysis, National Income and Product Accounts of  
the United States.
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contributions move much less over time. 
The contributions from personal con-
sumption expenditures on nondurable 
goods and on services both evolve 
smoothly, and government purchases’ 
contribution appears to be similarly sta-
ble. The contribution from personal con-
sumption expenditures on durable goods 
moves more (as expected because the na-
tional household can easily delay these 
purchases), but it also does not come 
close to replicating GDP over any sus-
tained period. The same is true for resi-
dential investment, business fixed 
investment, and net exports.

If no particular sector’s contributions 
pose a great risk to GDP growth individu-
ally, then GDP fluctuations must arise 
from correlated small risks. That is, even 
if any given sector can contribute at most 
1 percentage point to GDP growth, four 
such sectors all achieving this maximum 
rate simultaneously can raise GDP growth 
by 4 percentage points. This is exactly 
what happened during the second quarter 
of 1978, when annualized GDP growth 
achieved its maximum observed value of 
15.45 percentage points. In that quarter, 
business fixed investment’s contribution 
also hit its maximum value in the sample, 
3.89 percentage points. The contributions 
from other spending on the other two capital goods 
categories (personal consumption expenditures on du-
rable goods and residential investment) were also sub-
stantially above their averages in that quarter (2.87 
percentage points and 1.08 percentage points versus 
averages of 0.45 percentage points and 0.12 percent-
age points).

Figures 4 and 5 reinforce and refine the point that 
risks common to expenditure categories drive most 
changes of GDP growth. Figure 4 sums the three cap-
ital goods categories’ contributions to growth, and 
figure 5 sums the contributions of personal consump-
tion expenditures on nondurable goods and services. 
Both figures also plot real GDP growth. Taken together, 
the three capital goods categories contribute substan-
tially to changes in GDP growth. For example, in 
1980:Q2 their contribution to growth equaled –10.2 
percentage points, while the actual GDP growth rate 
equaled –8 percentage points. It is interesting to note 
that the contribution of personal consumption expen-
ditures on nondurable goods and services hit its mini-
mum value (–2.0 percentage points) in the same 

quarter; so, there are apparently risks that hit all expen-
diture categories. However, the typical movements of 
the personal consumption expenditures contribution 
are much smaller than those coming from capital goods.

Figures 3, 4, and 5 together show that the most 
substantial risks to GDP growth come from common 
movements in expenditures on capital goods. Factors 
that are more specific than that have never substan-
tially driven the business cycle. For example, the on-
going slump in residential investment presents only 
very small risks to GDP growth if the slump is con-
fined to that sector alone, but it can substantially in-
fluence the overall economy if spillover effects cause 
other sectors to contract.

Assessing a firm’s macroeconomic risks

The analysis in the preceding sections sets the stage 
for assessing a given business’s exposure to macro-
economic risk. This proceeds in two steps: Correct 
the company of interest’s recent sales growth for in-
flation, and construct a counterfactual benchmark 
growth rate for a company with the same distribution 

figure 4

Contribution to real gross domestic product growth from 
expenditures on capital goods
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Notes: This figure plots the combined contribution of the three capital 
goods categories—personal consumption expenditures on durable goods, 
business fixed investment, and residential investment—to real gross 
domestic product growth from 1954:Q1 through 2008:Q1. The vertical 
axis marks the contribution’s minimum and maximum values as an annual 
growth rate in percentage points, and the horizontal axis marks the date 
at which it achieved its minimum value. The shaded areas mark recessions 
as defined by the National Bureau of Economic Research. 
Source: Author’s calculations based on data from the U.S. Bureau  
of Economic Analysis, National Income and Product Accounts of the 
United States.
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of sales across NIPA categories but with 
each product’s sales growth perfectly 
synchronized to the growth of its corre-
sponding NIPA category. The first step 
determines the influence of category-spe-
cific inflation on the business’s growth, 
and the second allows us to examine the 
influence of macroeconomic risks on sim-
ilarly positioned businesses in the past.

Hair salon
Before I implement this assessment 

for a large conglomerate firm, I begin  
by considering how to do this for a fiction-
al firm with a single product: haircuts.  
Table 2 reports revenues for a fictional 
hair salon for four years. Most hair salons 
receive revenues from both cutting and 
styling services and the retail sale of hair 
care products. To keep this example sim-
ple, suppose that this salon’s revenues 
come entirely from cutting and styling. 
These expenditures contribute to personal 
consumption expenditures on services 
(line 5 in the spreadsheet of figure 1 on  
p. 31). Table 2’s third line reports the 
NIPA price index for this category, and its 
fourth line gives the ratio of the first to 
the third lines (multiplied by 100). This 
equals the salon’s revenues in year 2000 
dollars. This simple inflation adjustment 
brings the salon’s revenue growth down 
by an average of 3.4 percentage points. Over the 
three years given, the salon’s real growth equals  
2.9 percent. Since the salon’s revenues all come from 
the sale of services, the real growth rate of personal 
consumption expenditures on services is a relevant 
macroeconomic benchmark. For these years, this  
always equaled 2.7 percent. The analysis of panel B 
of figure 3 (p. 37) implies that this firm is then ex-
posed to very little macroeconomic risk.

General Electric Company
Assessing macroeconomic risk for a single- 

product business requires little more than looking up 
the correct price index and real growth rate from the 
NIPA data. For a conglomerate firm selling multiple 
products, the inflation adjustment and the construc-
tion of a macroeconomic benchmark use the macro-
economic tools discussed previously. I illustrate this 
here with an application to publicly available data for 
one firm, General Electric Company. Like many other 
firms, General Electric reports sales and profits for 
several operating segments. Each of these groups  

figure 5

Contribution to real gross domestic product growth from 
nondurable consumption expenditures

percentage points
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Notes: This figure plots the combined contribution of the two nondurable 
consumption categories—personal consumption expenditures on non-
durable goods, as well as on services—to real gross domestic product 
growth from 1954:Q1 through 2008:Q1. The vertical axis marks the 
contribution’s minimum and maximum values as an annual growth rate 
in percentage points, and the horizontal axis marks the date at which 
it achieved its minimum value. The shaded areas mark recessions as 
defined by the National Bureau of Economic Research. 
Source: Author’s calculations based on data from the U.S. Bureau  
of Economic Analysis, National Income and Product Accounts of the 
United States.

together lines of business with similar customers.  
In its 2006 annual report, General Electric breaks its 
performance down into six operating segments. 

n	 GE Infrastructure contains the production and 
sales of big-ticket capital items, such as electric 
generators and jet aircraft engines. It also encom-
passes the sale of services (including financial ser-
vices) to the capital items’ purchasers. 

n	 GE Commercial Finance provides financial servic-
es to firms to finance the purchases of major capi-
tal assets. 

n	 GE Money provides financial services to 
consumers. 

n	 GE Healthcare produces diagnostic equipment and 
software. 

n	 NBC Universal produces entertainment program-
ming (and thereby advertising revenue). 

n	 GE Industrial produces white goods (major house-
hold appliances such as refrigerators and stoves), 
consumer hardware, and some specialty plastics. 
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Table 2

Revenues and performance of a fictional hair salon

	 2007	 2006	 2005	 2004

Revenues (dollars)	 1,200	 1,125	 1,050	 1,000
Nominal revenue growth (percent)	 6.6	 7.1	 5.0
Price index for services	 124.58	 120.73	 116.73	 112.93
Revenues (2000 dollars)	 963.24	 931.83	 899.51	 885.50
Real revenue growth (percent)	 3.4	 3.6	 1.6
Growth of macroeconomic 
  benchmark (percent)	 2.7	 2.7	 2.7

For General Electric, table 3 displays the rele-
vant data. This table from its 2006 annual report lists 
each operating segment’s sales (in U.S. dollars) for five 
years (2002–06). Just as with the macroeconomic data, 
I begin with each segment’s share of total revenue, which 
table 4 lists for 2004. Consistent with GE’s industrial 
origins, the GE Infrastructure and GE Industrial segments 
account for more than half of the company’s revenues. 
Consumer services (GE Money and NBC Universal) 
account for just less than 20 percent, and the remaining 
25 percent of revenues come from the GE Commercial 
Finance and GE Healthcare segments.

The segments’ shares allow the calculation of their 
contributions to growth. In equation 8, I wrote the 
rate of GDP growth (in dollars) as the share-weighted 
average of its expenditure components’ growth rates. 
Just so, we can write GE’s growth rate as the share-
weighted average of its segments’ growth rates. Table 5 
reports this decomposition of growth for 2005 and 
2006. This calculation used segment growth rates  
adjusted for the effects of those acquisitions and di-
vestitures mentioned in the 2006 annual report’s man-
agerial discussion of these figures. Overall revenue 

Table 3

General Electric Company’s operating revenues 

Operating segment	 2006	 2005	 2004	 2003	 2002

	 ( - - - - - - - - - - - - - - - - - - - - - - - - - - -  millions of dollars - - - - - - - - - - - - - - - - - - - - - - - - - - )

GE Infrastructure	 47,429 	 41,803 	 37,373 	 36,569 	 40,119 
GE Commercial Finance	 23,792	 20,646	 19,524	 16,927	 15,688
GE Money 	 21,759	 19,416	 15,734	 12,845	 10,266
GE Healthcare	 16,562	 15,153	 13,456	 10,198	 8,955
NBC Universal	 16,188	 14,689	 12,886	 6,871	 7,149
GE Industrial 	 33,494	 32,631	 30,722	 24,988	 26,154

Total segment revenues	 159,224	 144,338	 129,695	 108,398	 108,331
Corporate items and eliminations	 4,167	 3,618	 4,596	 5,023	 3,636
Consolidated revenues 	 163,391 	 147,956 	 134,291 	 113,421 	 111,967

Note: Data are for General Electric Company and its consolidated affiliates. 
Source: General Electric Company, 2006 Annual Report: Invest and Deliver, p. 53.

growth was similar for GE in those two years at  
9.0 percent and 9.6 percent.

Inflation adjustment
The straight decomposition of revenue growth  

in table 5 ignores the effects of inflation. If inflation 
affects the prices of all goods equally, then taking  
account of inflation would only lower the measured 
growth of total revenues and leave each segment’s 
relative contribution unchanged. Of course inflation 
affects some goods more than others. For example, 
the prices of capital goods (measured with the price 
index for business fixed investment) actually fell in 
both 2005 and 2006. In this more realistic case, ac-
counting for inflation proceeds in two steps:

n	 Assign a GDP expenditure category to each seg-
ment; and

n	 Combine the NIPA price indexes for these catego-
ries with the segments’ revenue histories in the 
contributions to growth formula in appendix B to 
calculate each segment’s contribution to the com-
pany’s real revenue growth.
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Table 5

Contributions to General Electric Company’s 
nominal revenue growth, by operating segment

Operating segment	 2006	 2005
	 (percent)	 (percent)	

GE Infrastructure	 3.9	 3.4
GE Commercial Finance	 2.2	 0.6
GE Money	 1.0	 1.4
GE Healthcare	 1.0	 0.7
NBC Universal	 1.0	 1.4
GE Industrial	 0.5	 1.5
Total segment revenues	 9.6	 9.0

Note: For these calculations, each segment’s growth was adjusted 
for the effects of acquisitions and divestitures mentioned in the 
2006 annual report’s managerial discussion.
Source: Author’s calculations based on data from General Electric 
Company, 2006 Annual Report: Invest and Deliver, p. 53.

Table 4

Share of General Electric Company’s revenues,
by operating segment, 2004

Operating segment	      Percentage of revenues

GE Infrastructure	 33.7
GE Commercial Finance	 15.6
GE Money	 11.9
GE Healthcare	 9.4
NBC Universal	 6.3
GE Industrial	 23.1

Source: Author’s calculations based on data from General Electric  
Company, 2006 Annual Report: Invest and Deliver, p. 53.

Table 6

National income and product accounts (NIPA) price indexes
for General Electric Company’s operating segments

Operating segment	 NIPA price index

GE Infrastructure	 Business fixed investment, equipment  
	 and software

GE Commercial Finance	 Gross domestic product

GE Money	 Personal consumption expenditures,  
	 services

GE Healthcare	 Business fixed investment, equipment  
	 and software

NBC Universal	 Personal consumption expenditures

GE Industrial	 Gross domestic product

Note: These are the author’s subjective choices of NIPA price indexes for General 
Electric’s operating segments.

Choosing which GDP expenditure’s price  
index should be used for a given segment can  
be straightforward when a segment’s sales 
directly contribute to GDP. In the case of 
General Electric, GE Healthcare and  
GE Infrastructure both contribute to busi-
ness fixed investment of equipment and 
software and GE Money’s revenues are 
part of personal consumption expenditures 
on services. The sales of General Electric’s 
other segments do not arithmetically con-
tribute to GDP because they sell goods and 
services that other producers use to create 
products for sales to final consumers. For 
example, NBC Universal sells advertising. 
Firms use this to enhance the value of the 
products they sell to consumers, so it con-
tributes in that way to personal consump-
tion expenditures. General Electric’s other 
segments sell products to consumers and 

producers in multiple NIPA expenditure categories. 
Without detailed information on those segments’ sales, 
the best measure of their prices is the price index for 
GDP as a whole. Table 6 summarizes my choices of 
price indexes for General Electric’s segments.

Table 7 reports the segments’ contributions to in-
flation-adjusted revenue growth given these price in-
dex choices. Just as with the contributions in table 5, 
these use acquisition-adjusted growth rates. Overall 
inflation was just over 3 percent for both 2005 and 
2006, but adjusting GE’s revenues for inflation knocks 
only 2 percentage points off of overall revenue growth 
(compare the last lines in tables 5 and 7). This reflects 
their heavy concentration in capital investment goods 
where inflation tends to be lower. To see this, note that 
GE Infrastructure and GE Healthcare together do not 
account for any of the 2 percentage point adjustment 
(their values are the same in both tables 5 and 7).

Macroeconomic benchmarks
The final step in evaluating GE’s exposure to 

macroeconomic risk is the construction of a relevant 
benchmark growth series. Here, I offer two such 
benchmarks. They both answer the question, How 
would the economy have evolved if the mix of prod-
ucts produced were always identical to GE’s mix? 
Their point of difference is the moment in time when 
the product mix is measured. The first benchmark 
uses the contributions to growth formula to continu-
ously account for the company’s changing orienta-
tion. The second holds the product mix fixed at the 
most recent year’s values. The first is more useful for 
gauging past performance, and the second can be 
used to ask how the company would have fared in the 
past had it been configured as it is in the present.
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Table 7

Contributions to General Electric Company’s 
inflation-adjusted revenue growth,

by operating segment

Operating segment	 2006	 2005
	 (percent)	 (percent)

GE Infrastructure	 3.9	 3.4
GE Commercial Finance	 1.7	 0.1
GE Money	 0.5	 0.9
GE Healthcare	 1.0	 0.7
NBC Universal	 0.7	 1.1
GE Industrial	 –0.2	 0.7
Total segment revenues	 7.6	 6.9

Note: For these calculations, each segment’s growth was adjusted 
for the effects of acquisitions and divestitures as described in  
the text.
Sources: Author’s calculations based on data from the U.S. Bureau 
of Economic Analysis, National Income and Product Accounts of the 
United States; and General Electric Company, 2006 Annual Report: 
Invest and Deliver, p. 53.

The first macroeconomic benchmark arises from 
the following calculation: Apply the contributions to 
growth formula to General Electric with the NIPA ex-
penditure category listed in table 6 replacing each 
segment’s real growth rate. This measures how reve-
nues would have grown if each of GE’s segments had 
tracked its NIPA counterpart exactly. The result will 
differ from overall GDP growth because GE does not 
produce a representative variety of all goods and ser-
vices. Table 8 reports the result of this calculation, 
and its comparison with table 7 is instructive. The 
macroeconomic benchmark grew 4.1 percent in both 
2005 and 2006, which is substantially below General 
Electric’s actual real growth rates of 6.9 percent and 
7.6 percent. The GE Infrastructure segment accounts 
for nearly 2 percentage points of this “overperformance” 
in both years. Three other segments grew faster than 
their NIPA counterparts in both years—GE Money, 
GE Healthcare, and NBC Universal. Together, they 
account for 1.5 and 0.9 percentage points of GE’s 
higher growth in 2005 and 2006. There were only 
two cases where a GE segment contributed less to 
growth than its NIPA counterpart: GE Commercial 
Finance in 2005 and GE Industrial in 2006.

General Electric differs from the nation’s econo-
my in several respects. It has extensive operations 
and sales abroad. It specializes in submarkets within 
NIPA expenditure categories. For example, medical 
equipment, aircraft engines, and generators are only 
three of the thousands of capital goods produced in 
the U.S. Developments in these specific markets that 
are out of General Electric’s control can nevertheless 
disproportionately affect its performance. For these 

Table 8

Macroeconomic counterfactual contributions 
to General Electric Company’s inflation-adjusted 

revenue growth, by operating segment

Operating segment	 2006	 2005
	 (percent)	 (percent)

GE Infrastructure	 1.7	 1.7
GE Commercial Finance	 0.4	 0.4
GE Money	 0.4	 0.3
GE Healthcare	 0.6	 0.6
NBC Universal	 0.3	 0.3
GE Industrial	 0.7	 0.7
Total segment revenues	 4.1	 4.1

Note: For these calculations, each segment’s growth was adjusted 
for the effects of acquisitions and divestitures as described in  
the text.
Sources: Author’s calculations based on data from the U.S. Bureau 
of Economic Analysis, National Income and Product Accounts of the 
United States; and General Electric Company, 2006 Annual Report: 
Invest and Deliver, p. 53.

reasons, the comparison of tables 7 and 8 only starts 
the conversation about General Electric’s performance 
relative to its macroeconomic benchmark. Continuing 
the conversation requires information on market- 
specific developments and operational performance 
that lies beyond the scope of this article.

The first benchmark accounts for the business’s 
changing product mix, using the contributions to 
growth formula, but this accounting might actually 
obscure the information needed for macroeconomic 
risk assessment. For example, consider a business 
that once produced mostly consumer services but has 
recently expanded into residential investment. The 
first macroeconomic benchmark for it fluctuated little 
in recent recessions, but it would be a mistake to con-
clude that it has little exposure now to risk. To address 
this issue, we can calculate a second macroeconomic 
benchmark that holds the operating segments’ shares 
at their most recently observed values. Figure 6 plots 
this for General Electric. For comparison’s sake, the 
figure also plots overall real GDP growth. 

Examining the two series during NBER-dated  
recessions (the shaded periods) is instructive. A com-
pany oriented as GE is now would have been highly 
sensitive to macroeconomic risk. The most recent  
recession (in 2001) was concentrated in precisely the 
industries GE serves, so its macroeconomic bench-
mark growth rate was well below zero for about two 
years. During this period, overall real GDP growth 
was negative for only two quarters. Although the 
most recent recession’s heavy concentration in busi-
ness fixed investment was exceptional, the compari-
son of the second macroeconomic benchmark with 
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1This is the only case in which the BEA attempts to measure the 
value of a service produced in the home.

2 Of course, foreign governments and institutions hold substantial 
U.S. government debt. Within this simple framework, I can repre-
sent these financial investments by supposing that the national 
household issues IOUs to foreigners to finance the purchase of 
government debt. Thus, the convenient restriction that only U.S. 
households hold government debt entails no important loss of 
generality.

3For expositional simplicity only, this discussion presumes that the 
conglomerate government has no employees and engages in no 
production of its own. In reality, the BEA adds the values of gov-
ernment employees’ salaries to Gt.

4This assumes that the tax decrease has no effect on the national 
household’s incentive to work, which is the case when the tax is 
collected like a poll tax. In the United States, much tax revenue 
comes from taxing labor income. Lowering such a tax and financ-
ing the shortfall with debt can temporarily expand income, but 
even this might not serve the household’s interests.

5For any sequence of observations x1, x2, … , xT ,  the mean and  
standard deviation are defined as x x x x TT= + + +( )1 2

... / and  
... .σ = −( ) + −( ) + + −( )x x x x x xT1

2
2

2 2ˆ If all of the observations
are identical, then the standard deviation equals zero. Differences 
between the observations raise the standard deviation, so it is a 
measure of dispersion.

NOTES

figure 6

Macroeconomic benchmark growth for  
General Electric Company

percentage points

5.19

–3.96
1954:Q1 2008:Q1

	 Real gross domestic product growth
	 Macroeconomic benchmark growth 

Note: The benchmark was constructed using 2006 General Electric operat-
ing segment shares and the assignment of operating segments to national 
income and product accounts’ price indexes in table 6. 
Sources: Author’s calculations based on data from the U.S. Bureau of 
Economic Analysis, National Income and Product Accounts of the United 
States; and General Electric Company, 2006 Annual Report: Invest and 
Deliver, p. 53.

real GDP growth during earlier reces-
sions yields the same conclusion. The 
company’s concentration in industries 
with customers who can easily delay 
their purchases leaves it substantially  
exposed to macroeconomic risk.

To quantify GE’s exposure, we can 
calculate the standard deviation of its 
macroeconomic benchmark growth and 
compare it with the standard deviation  
of GDP growth.5 For the period plotted, 
the macroeconomic benchmark’s stan-
dard deviation equals 1.22 percent, while 
that for GDP growth is 0.91 percent. 
Thus, the benchmark is approximately 
33 percent more sensitive to business  
cycle fluctuations than is the economy  
as a whole.

Conclusion

This article presented two basic tools 
for measuring business cycle fluctuations, 
the national product accounting identity 
and the contributions to growth formula, 
and applied them to evaluate a particular 
conglomerate’s exposure to macroeco-
nomic risk. The application was illustra-
tive only because it omitted factors such 
as the scope of the company’s interna-
tional operations and sales that are important for that 
company. The macroeconomic benchmarks presented 
here can only start a conversation about a business’s 

place in the larger economy. Finishing it and moving 
on to action requires more information and the sub-
jective judgment of those whose wealth is at stake.
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APPENDIX A. inflation accounting

Observations of the national income and product account-
ing identities’ components reveal how the value of goods 
and services measured in dollars evolves, but erosion  
of the dollar’s purchasing power makes these measures 
insufficient for tracking economic growth. The BEA fills 
this gap with measures of how the prices of goods in 
each product category change.

If each category had only one good (or service)  
for sale, then accounting for inflation would be simple. 
Let Xt represent the nominal value of some expenditure 
component, and let Pt give the dollar-denominated price 
for its single good or service. For example, if the category 
in question was nondurable goods and the only good in 
that category was bananas, then Pt would equal the dol-
lar price of one pound of bananas and Xt /Pt would equal 
the pounds of bananas purchased in the quarter, also 
called the quarter’s real expenditure. The real expendi-
ture’s growth rate is

A1 11

1

) .G
X

P

P

Xt
t

t

t

t

= −−

−

Of course, there are hundreds of thousands of distinct 
goods or services that contribute to any given expendi-
ture category. Nevertheless, the BEA constructs the real 
growth rate of each expenditure category by using equa-
tion A1. For this, it replaces Pt with an index of prices for 
goods in the category. Constructing such an index when 
there are only two goods in the category suffices to illus-
trate the principles involved. Suppose that personal con-
sumption expenditures on nondurable goods covers only 
apples and oranges. Use Pt

A and Pt
O  for their dollar prices 

(per pound) and Qt
A and Qt

O for the number of pounds sold. 
Two German economists, Étienne Laspeyres and Hermann 
Paasche, offered solutions to the problem of combining 
these data to measure how the price of fruit changed between 
the previous and current quarters. Laspeyres proposed 
measuring Pt / Pt–1 with a weighted average growth of 
individual goods prices. Each weight equals the expen-
diture share on that good in the base period.
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The second expression makes clear that Laspeyrest 
equals the cost of acquiring the previous quarter’s pur-
chases at the current quarter’s prices relative to their 
cost in the original quarter. Paasche’s alternative sugges-
tion is to measure the cost of the current quarter’s pur-
chases relative to the same purchases made at the previ-
ous quarter’s prices.
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Both of these suggestions measure the growth of 
prices, which is all that equation A1 requires. They both 
realistically weight prices based on the national family’s 
actual purchase decisions, but both of them rely an arbi-
trary selection of the date at which we measure their 
purchases. To avoid this arbitrariness, the BEA measures 
the rate of change with the geometric average of the 
Laspeyres and Paasche measures. This idea was origi-
nally due to Irving Fisher:

A4) Fisher Laspeyres Paaschet tt = × .

The expressions for Laspeyrest and Paaschet can 
both be easily extended to the case with more than two 
goods. With these in hand, the BEA constructs Pt by 
setting its value in the first quarter of the data to one and 
setting its values for later quarters recursively with

Pt = Fishert Pt  –1. 

To make the series more easily interpretable, the 
BEA finishes by multiplying by 100 and dividing by the 
average value of Pt during a base year (which is cur-
rently 2000). The resulting series indicates how many 
dollars it requires in any given quarter to buy the same 
goods and services that $100 could purchase in 2000. 
The BEA labels this the real expenditure series corre-
sponding to Xt. In this article, I use xt ≡ Xt /Pt to represent 
this real series. For example, c c ct

N
t
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t
D, , and  respectively 

equal real personal consumption expenditures on nondu-
rable goods, services, and durable goods.

Of course, we can apply the Fisher deflation proce-
dure to create real values of each national product compo-
nent. Before working with these, a note of caution regarding 
addition is in order. There are two conceivable ways of 
calculating the real values of all personal consumption 
expenditures. First, one could create a Fisher price index 
based on all goods in personal consumption expenditure 
(call it Pt

C ) and then calculate c C C C Pt t
N

t
S

t
D

t
C= + +( ) / .  

Second, one could simply add the components’ real  
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values, c c ct
N

t
S

t
D+ + .  Will these answers equal each oth-

er? Yes, if no two goods or services in personal con-
sumption expenditures have prices that change relative 
to each other. In the two-good example used previously, 
this requires that the number of oranges the national 
family must sacrifice in order to acquire one more apple 
cannot change with time: P P P Pt

A
t
O

t
A

t
O

− − =1 1/ / .  In this 
very special case, the Laspeyres, Paasche, and Fisher 
price indexes all equal each other; and all prices grow in 
lock step. Outside of this very special case, the two cal-
culations of real personal consumption expenditures will 
differ. By construction, the first calculation uses the 
Fisher price index. The second calculation can only be 
useful as a possible shortcut to the first. It is not, so we 
dispose of it. This illustrates a general principle: The 
real analogues of the components in the national product 
accounting identity do not sum to real income except in 
the base year.

Calculating the exact Fisher-deflated real analogue 
to a sum of two product components requires applying 
the Fisher procedure to the original price and quantity 
observations from both components. Of course, the BEA 
does not provide these, so a useful (and accurate) ap-
proximation to this exact calculation is to apply the 
Fisher procedure to the components themselves. For 
example, to calculate approximate real personal con-
sumption expenditures on nondurable goods and ser-
vices, replace Q Q P Pt

A
t
O

t
A

t
O, , , and  in equations A2 and 

A3 with c c P Pt
N

t
S

t
C

t
CN S

, , , .and Since the BEA reports real 
personal consumption expenditures as well as the real 
expenditures for each of its three components, it is pos-
sible to assess how well this “chain-addition” procedure 
works. The approximate real personal consumption ex-
penditure differs from its exact counterpart by at most 
3/100 of a percentage point over the post-Korean War 
sample period.

APPENDIX B. Contributions to growth

By construction, GDP sums the national family’s expen-
ditures in the various categories. To gain a greater under-
standing of the sources of growth, one might wish to 
decompose GDP growth into the expenditures’ distinct 
contributions. Suppose that the only two goods pro-
duced in the nation are apples and oranges, so that 
Y P Q P Qt t

A
t
A

t
O

t
O= + .   

Definition 1

The contribution of expenditures on apples to the 
growth of GDP from quarter t – 1 to quarter t equals

100 1 1 1× −( )− − −P Q P Q Yt
A

t
N

t
A

t
A

t/ ,

the reduction of the GDP growth rate that would have 
occurred if the national family had left its expenditures 
on apples unchanged from quarter t – 1 to quarter t and 
income from some source adjusted simultaneously so 
that the national product accounting identity continues 
to hold good.

The contribution of expenditures on oranges is de-
fined analogously, and summing them yields 100 ×  
(Yt – Yt–1)/Yt–1, the growth rate of nominal GDP.

Nominal GDP growth convolves real economic expan-
sion with price inflation, so calculating the various con-
tributions to it reveals little about the expansion of the 
national family’s real purchasing power. For this reason, 
we might be more interested in the impact on real GDP 
growth of holding the quantity of apples fixed. We can 
call this the growth impact of real apple expenditures.

Definition 2

The growth impact of apple expenditures from 
quarter t – 1 to quarter t equals the actual growth rate 
of real GDP minus the growth rate recalculated after 
replacing Qt

A’s value with Qt
A
−1’s value.

We can make the same calculation for real orange 
expenditures, but these two growth impacts will not  
sum to the growth of real GDP. This reflects the incon-
venient truth noted previously that the sum of real expen-
ditures does not equal the real expenditure on the sum 
unless P P P Pt

A
t
O

t
A

t
O/ / .= − −1 1  Hence, the growth impacts of 

apple and orange expenditures—while potentially inter-
esting—cannot serve as the basis for an accounting of 
real GDP growth.

The single exception to the general proposition that 
the sum of real expenditures does not equal the real  
expenditure on the sum offers us the possibility of defining 
contributions to growth by artificially imposing that all rela-
tive prices remain the same. Use P P P Pt

A
t
O

t
A

t
O

− −
∗ ∗ ∗

1 1
*, , , and

to denote these alternative (counterfactual prices) that 
satisfy P P P Pt

A
t
O

t
A

t
O

−
∗

−
∗ ∗ ∗=1 1/ / .  What values should we 

assign them? Consider

B1
1

1
1

1

1

)
/

/
, ,P

P P
P P

P
P

t
A t

A
t
A

t
F

t
L

t
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A
t
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=

=

π
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/
, .

π
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These satisfy the restriction that relative prices do not 
change, and either quarter’s nominal GDP calculated 
with them equals its original value. To show this, start 
with the definition of nominal GDP for quarter t – 1 with 
the alternative prices. Substituting the alternative prices 
definitions and manipulating yields

Y P Q P Q

P P
Q

t t
A

t
A

t
O

t
O

t
A

t
A

t
F

t
L

t
P t

A

−
∗

− − −
∗

−

−
−

= +

= +
+

+

1 1 1 1 1

1
1

1

*

/

/

π
π π

PP P
Q

P Q P Q

t
O

t
O

t
F

t
L

t
P t

O

t
A

t
A

t
O

t
O

t
L

t

−
−

− − − −

+
+

= +
+

1
1

1 1 1 1

1

1

/

/

/

π
π π

π πPP

t
A

t
A

t
O

t
O

t
F

t
L

t
P

P Q P Q+ +
+

− −1 1 1

1π π π/
.

Next, replace P Q P Qt
A

t
A

t
O

t
O

− −+1 1  with πt
L

tY −1  to get

Y
Y Y

t
t

t
L

t
P

t
L

t
F

t

t
L

t
P−

∗ − −=
+

+
+

1
1 1

1 1π π
π
π π π/ /

.

The definition of πt
F  implies that π πt

L
t
F/ = π πt

L
t
P/ ,  

so the right-hand side equals Yt–1. A parallel argument 
shows that Y Yt t

∗ = ,  so changing to the alternative prices 
leaves nominal GDP growth unchanged. The Laspeyres, 
Paasche, and Fisher price indexes constructed with these 
prices and the original quantities all equal πt

F, so replac-
ing the alternative prices also leaves real GDP growth 
unchanged. All of this leads to the following definition.

Definition 3

The contribution of real apple purchases to real 
GDP growth equals

P Q Q

Y
t
A

t
A

t
A

t

−
∗

−

−

−( )1 1

1

.

This added to the analogously defined contribution 
of real orange purchases does sum to real GDP growth.

This equation defines the contributions to growth 
when two components contribute to GDP, but the same 
approach also works with a larger number of compo-
nents: Average a category’s price index in quarter t – 1 
with its value in quarter t divided by πt

F, divide by 
1+ π πt

L
t
P/ , and use this for Pt

A
−

∗
1 in definition 3.
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