The Acceleration in Variety Growth

By MARK BiLs AND PETER J. KLENOW*

The expansion of variety in consumer andies at home and theaters, personal computers
intermediate goods plays a central role in manyhave brought about increased spending on home
theoretical models of growth. Examples include audio and video equipment, and cell phone ser-
Paul M. Romer (1990), Gene M. Grossman andvices have been responsible for the increased
Elhanan Helpman (1991 Ch. 3), and Robert J.spending on all telephone services. In the 20
Barro and Xavier Sala-i-Martin (1995 Ch. 6). In years prior to the ascendance of these major
contrast, evidence on variety growth is very new items, all of their categories were stagnant
sparse. Jerry A. Hausman (1997) and Amil Pet-or in relative decline.
rin (1999) estimate the consumer gains to the More generally, we find that consumers have
introduction of specific brands of specific prod- been rapidly shifting away from “static” cate-
ucts (Apple-Cinnamon Cheerios and minivans,gories (i.e., those in which there has been little
respectively). Similarly, Manuel Trajtenberg variety or quality gain). This shift far exceeds
(1989) and Hausman (1999) estimate the gainsvhat can be explained by the impact of relative
from computed tomography (CT) scanners andEngel curves or relative price changes. Our re-
cellular phones, respectively. However, quanti- sults suggest that variety has increased by per-
fying the aggregate importance of new productshaps 1 percent per year over the past 40 years.
on a good-by-good basis is probably not feasi-More striking is that most of this growth oc-
ble. In particular, it is not possible to obtain data curs in just the past 20 years—explaining our
to estimate consumer surplus from the myriadtitle.
of new models and features that are continually Looking across 106 more detailed categories,
introduced® Reflecting these problems, the we relate share changes to U.S. Bureau of Labor
Boskin Commission (1996) offers only a few, Statistics (BLS) item-substitution rates. Item-
often speculative, calculations in addressing thesubstitution rates measure how often the BLS
issue of variety gains. replaces an item in the pricing basket with an-

We take an indirect approach. We exploit other model because the former has disappeared
how new varieties alter spending patterns,from a sample outlet. Frequent BLS item sub-
drawing expenditures away from comparatively stitutions predict increased spending on a cate-
dormant categories. Table 1 illustrates for a fewgory, even after controlling for Engel-curve,
cases of dramatic product innovations. As theprice, and demographic effects. This suggests
table shows, rapid growth in spending on cablethat new varieties do increase spending on a
television since 1980 has fueled a broad in-category, as well as drive out or replace incum-
crease in spending on television, despite a relbent varieties. Compared to Engel curves, we
ative decline in spending on television sets.find that item-substitution rates are a more reli-
Similarly, VCR’s and movie rentals have able predictor of shifts in spending shares across
spurred an increase in overall spending on mov-goods. Related to this, we question Bruce W.

Hamilton (1998) and Dora Costa’s (2000) reli-
ance on food’s share and food’'s Engel curve to

* Bils: Department of Economics, Harkness Hall, Uni- measure the true rate of U.S. economic growth.
versity of Rochester, Rochester, NY 14627; Klenow: Re-
search Department, Federal Reserve Bank of Minneapolis,
90 Hennepin Ave, Minneapolis, MN, 55480.

* Improvements in existing models (e.g., the addition of ) ) )
anti-lock brakes on car models) are often referred to as  To illustrate the impact of variety on spend-

“quality growth” rather than “variety growth.” If the new jng choices, consider the consumer problem
model is imperfectly substitutable for the previous model,

|. Consumer Decisions

however, then a more accurate description may be “variety 1- 1o Nt 1- 1o
B oy " X; x
growth.” Thus, what we refer to as “variety growth” can Ci E it
take the form of added features to existing products as well max3—7; + v 1-1/
X o ) Oy
as entirely new products. {exit =1
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TaABLE 1—THE IMPACT OF SELECTED NEW VARIETIES straightforward extension to a number of static
and dynamic categories.
Optimal spending on the dynamic category is

Nominal spending share

ercentage . .
® ge) related to static spending by
Category 1980 1999 Change
Televisions/recreation 5.0 35 -15 N oto deor o
Cable television/recreation 1.7 55 38 (1) pX = 2 pXie = N7 pi™ o o,
Total television/recreation 6.7 9.0 2.3 =1
Movies/recreation 1.9 1.2 -07 .
(VCR's + Let Az denote the annualized percentage growth
( rentals)/recreation 1.0 3.6 2.6 rate for variablez over some period of interest.
Movies + VCR’s + i i
rentals)recreation - 48 19 The growth rate of sper_ldlng on_the dynamic
good, relative to the static good, is
Audio and video (excluding
computers)/recreation 14.9 10.6 —43 o — o
Computers/recreation 0.1 6.2 6.1 _ _ X
Total audio and ©) A(PX) Ac Ac
video/recreation 15.0 16.8 1.8
Telephone (excluding cell +(1 - oy)Ap
phone)/services 3.2 26 -0.6
Cellular phone charges/
services 0.0 0.7 0.7 +AN + oA
Total phone .
charges/services 3.2 3.3 0.1 As (2) shows, variety growth expands the share

of the dynamic category relative to the static
Connections: weereation NIPA recreation expendiures.  S1are: The dynamic share also rises when static
plus NIPA [;urchases of audio and video products; “tele- consumption grows if the dynamlc gOOd, has a
phone” includes local, long distance, and cellular charges.Steeper En99| curve than doe_s the static gQOd
Source: National Income and Product Accounts (NIPA), (o, > o). Likewise, the dynamic share rises if
Bureau of Economic Analysis, U.S. Department of Com- jts relative price is rising (falling) and, is less
merce. than 1 (greater than 1). Finally, a preference

shift toward the dynamic good, perhaps reflect-

subject to ing demographic changes, could expand its
share.
Nt
c + 2 P:Xit = Vi- II. Evidence on Growth in Dynamic
i=1 versus Static Spending

We refer toc as a static good (or set of goods), In Table 2 we present growth rates for dy-
for which variety is expanding slowly or not at namic versus static goods. We define milk, al-
all. Thex;’s denote amounts of various varieties cohol, gasoline, utilities, and some services,
in a dynamic category in which the number of such as haircuts, as static goods (Table 2 lists
varieties,N,, is expanding. For instance, tike  the goods in detail). Although our classification
could be viewed as amounts of various enter-of goods as static or dynamic is somewhat ar-
tainment goods, with (for example) the intro- bitrary, we can point to the fact that the BLS
duction of DVD’s expandingN,. We let v, rate of noncomparable item substitutions for our
represent a preference parameter. static goods is 0.03 percent monthly, compared
Spending on the two categories of goodsto 1.98 percent for all CPI goods. Thus, their
must equaly,, denoting income minus changes features do not change relative to the detailed
in assets. Prices are normalized to the price ofattribute lists maintained by the BLS.
the static good, with a symmetric relative price  The first portion of Table 2 presents the rel-
of p, for each of the dynamic goods. Although ative growth rates for dynamic versus static
we depict the consumer as choosing simplygoods. We see that relative spending on dy-
between a nondurable static good and nonduranamic goods has expanded by between 1.3
ble varieties, the empirical tables anticipate apercent and 2.2 percent per year, depending on
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TABLE 2—CHANGING SHARES OF STATIC only yield values fora, relative to a value for
VERSUSDYNAMIC CATEGORIES our broad set of nondurables and services. For
106 categories in the 1980-1996 CEX, it turns
out that share changes gesitivelycorrelated
with relative price changes (as measured by

Relative growth rate (percent per annum)

Category and conditions ~ 1959-1979 1979-1999 Change 1959-1999

Wih no adiustments: consumption deflators from the National In-
entertainment 0.6 19 13 13 come and Product Accounts). This suggests that
PIoe g and durale vo 14 13 demand is typically price-inelastic (i.e., that the
All consumption 13 3.0 18 2.2 average value ot falls below 1). In fact, an
With adjustments, average value of 0.75 maximizes the correlation
Fo‘gg{eﬁgﬁge;- between (1- o,)Ap and share cha_nges at0.38
entertainment 0.8 19 11 13 (p value = 0.0001). For calculating relative
Plus clothing and durable . ff d d f h
goods 05 20 15 12 price effects we consider 1.0 and 0.5 for the
All consumption 18 0 L7 22 average value ofr, two levels that bracket this
With adjustments, point estimate of 0.75. The results are very
Food, utlities, similar using 0.75 (or even 0.25 or 1.25) as they
entertainment 0.8 1.7 0.9 12 are USing 1.0 and 0.5
Plus clothing and durable ' T .
goods 0.9 22 13 16 The second panel in Table 2 nets off income
All consumption 13 s 22 and price effects, the latter using an average
Mean with Adjustments 09 23 L4 16 across goods of 1.0. The first row of this panel

Notes:“Relative growth rate’= growth rate in spending relative to that on static defines dynamiC-gOOd Spending by Spending on
goods; “static goods™= gasoline and fuel oil, alcoholic beverages, fresh mik  food. utilities. and entertainment net of any
and cream, natural gas, water and sewage treatment, domestic service, bowlin . b .
and billiards, pari-mutuel net receipts, barber shops, postage, tolls, and taxicabs%pendlng classified as static. We see that rela-
Adjustments are for income effects (relative Engel curves) and substitution tive Spending on d namiC gOOdS ha.S expanded
effects (relative price changesyaverage = the average curvature parameter y .
across all consumer goods. We obtained relative Engel curves for individual by 1.3 percent per year, even controlllng for
categories using household cross sections. H H H
Source:National Income and Product Accounts, Bureau of Economic Analysis, relatlve Engel—cu.rve and pnce effects. ThIS rep_
U.S. Department of Commerce. resents a very sizable shift of 68 percent over
the past 40 years. The table also breaks the
change into the two subperiods 1959-1979 and
the set of dynamic goods. Although this is con- 1979-1999. The shift from static to dynamic
sistent with growth in varieties of dynamic goods is considerably faster in the latter period,
goods, this shift could alternatively reflect with 70 percent of the total shift occurring dur-
steeper Engel curves for dynamic goods than foring these 20 years. The next row broadens the
static goods, or changes in their relative prices.definition of dynamic goods to include spending

For this reason we next repagtsidualgrowth ~ on clothing and durables. In general, it is im-

rates, which net off Engel-curve effectsgl(— portant to distinguish between expenditures and
o)lo]Ac, and relative price effects, (1- service flows for durable goods. Although Table
o,)Ap, yielding an estimate of the change 2 reflects only expenditures, we believe the cal-
AN + o,Av. culations are still suggestiveWe continue to

To construct ¢, — o)/o we estimate Engel
curves for a large number of categories of
spenqmg using the 1980_1.996 Consume_r Ex- 2The behavior of durable expenditures is particularly
penditure Surveys (CEX) (with year qumm|es_)- informative in an environment with constant growth rates.
For each good, an Engel curve is estimated within that case, the desired stock of the durable is given by an
respect to a fairly broad aggregate of spendingequation that parallels equation (1), but witheplaced by
on nondurables and services. (The estimation ig/[L ~ (1 = 8)/(1 + )], whered is the good's rate of
imilar to that described in detail in Bils and depreciation and is a real interest rate defined W|th respect
simi - to the good’s own rate of price increase. Spending on the
Klenow [1998].) We then construct a weighted good will reflect the sum of depreciation and the desired
average both for the set of static goods and forincrease in the stock. But in a setting with constant growth
the set of dynamic goods. Comparing these agjates, the growth rate in this spending is described by
- _ equation (2) with the term\v appropriately reinterpreted.
grega.‘tes. yIEIdS a Va?'“e fo_rd U)/U' . Of course, given that changes in spending patterns acceler-
Adjusting for relative price changes requires ate circa 1979, references to a setting with constant growth
levels of (1— o). Our estimated Engel curves rates must be taken with some skepticism.
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see rapid growth in expenditures for dynamic noncomparable-item substitution rates average
goods. For this broader set of goods, 80 percenB.0 percent across the 106 categories, exhibiting
of relative growth is concentrated in the last a standard deviation of 3.4 percent and ranging
20-year period. The last row in the panel broad-from a low of 0.0 (gasoline, airline fares) to a
ens the set of dynamic goods to include mosthigh of 16.0 percent (women’s dresses).
nonstatic consumer expenditures (including, in Rather than distinguish a priori between
particular, rental housing and medical expendi-static and dynamic goods, here we simply relate
tures). The residual growth rate is now very the differences in rates of spending growth to
high, equaling about 2 percent per year, againdifferences in item-substitution rates across the
with much of this focused in the past 20 years. 106 categories. The spending shifts are based on
The third panel of Table 2 considers a lower comparing reported expenditures in the 1995—
average value foo of 0.5. This does not affect 1996 CEX to those for 1980-1981. The cate-
the adjustment for relative Engel curves but gories correspond roughly to strata in the BLS’s
does imply that rising relative prices for goods, classification, and represent 63 percent of
everything else equal, will tend to increase athe weight in the 1997 CPI. We find a signifi-
good’s spending share [see equation (1)]. Thecantly positive correlation between a category’s
measured shift toward dynamic goods for theitem-substitution rate and the rate of growth
entire 1959-1999 period looks very similar to in spending on the category, equaling 0.24
that described in the middle panel. We also(p value = 0.01) across the 106 categories.
continue to find a striking acceleration away We are concerned that BLS item substitu-
from the static goods over 1979-1999. It is tions are less meaningful for some goods. Of
worth noting that, consistent with an accelera-our categories, 19 are apparel, which exhibit
tion in variety growth over this period, flows of very high item-substitution rates reflecting sea-
U.S. patents have taken off since the mid-sonal turnover of items. Thus, the high item-
1980’s (Samuel Kortum and Josh Lerner, substitution rate for these goods presumably

1998). does not signal a high rate of variety growth.
Rental housing is only one category, but it re-

[l. Item Substitution and Changes ceives an important weight in our calculations
in Spending Shares based on its expenditure share. Every time a

housing unit is replaced in CPI measurement it
We have stressed that the shift in spendingis labeled a noncomparable substitution, but this
away from static goods may reflect expandingmay not correspond well to the notion of a new
varieties elsewhere. But it could also representtype of product. Furthermore, although the
preference or demographic changes that happeitem-substitution rates for the phone-service
to be correlated with how we have labeled and cable-TV categories are virtually zero, cell
goods. (Such shifts would also have to accelerphones and new cable channels have repre-
ate to explain the acceleration away from staticsented important new varieties in these catego-
goods.) To test further the idea that spendingries (as we documented in Table 1 above). For
shifts reflect expanding variety, we look acrossthis reason, we present added results excluding
106 detailed categories and relate changes irapparel, rent, phone service, and cable televi-
spending shares for 1980-1996 to the rate ofsion. Eliminating these goods results in 84 cat-
item substitution within each category, as re- egories, for which the correlation of share
corded by the BLS for 1997. changes with the substitution rate becomes 0.30
An item substitution occurs when the BLS (p value = 0.006).
can no longer price an item at a particular retail These correlations do not control for the im-
outlet because it has been discontinued. Wepact on share changes of relative Engel-curve
focus on those item substitutions that the BLS effects or relative price changes, as dictated by
judges to be noncomparable (as opposed taequation (2). We next relate the growth in a
those labeled comparable), meaning no closelycategory’s spending on its item-substitution rate
similar model exists or appears in the outlet. We controlling for these effects as well as for de-
believe that noncomparable substitutions bettemographic changes. The relative Engel-curve
fit the notion of important new varieties driving effects are calculated based on the 1980-1996
out less-important incumbent varieties. The CEX in a manner analogous to the adjustments
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TABLE 3—SHARE CHANGES AND ITEM-SUBSTITUTION RATES coefficient is positive, equaling 0.12 (with a
— standard error of 0.05).
Coetficient Our Engel curves are based on a broad ag-
noncomparable Coefficienton  gregate of nondurables (largely food, utilities,
substitution  the relative - gnd recreation), so the adjustment for differ-

Sample rate Engel e ences in Engel curves is constructed by weight-
Full sample (106 categories) © 005-)12 im pols-gg’) ing these differences by the average annual
[t = 2.7] growth in that composite for 1980-1996, which
Full sample (106 categories) 0.13 0.38 equaled 1.25 percent. For this reason, the first
[t(g'026)2] " (3-4(1)429] row of Table 3 reports an imposed coefficient of
_ ' ' 1.25 on the relative Engel curves. Hamilton
e tamapharst and rent 056 ok (1998) points out that food, which has a low
[t =2.0] It = 1.1] Engel curve, continued to decline rapidly as a
Excluding apparel, rent, phone 0.19 0.75 share of consumer spending from 1974 to 1991.
service, and cable TV _(0.07) _(0.45) He infers that true growth may not have slowed
(84 categories) t[= 2.5] [t = 1.6]

during this period. Given that measured growth
Notes.Each row is a weighted regression. Coefficients are percent-did fall markedly, this requires greater mismea-
ages per annum. Standard errors are reported in parentheses. Trguremem (in particular understatement) of eco-
weights are average 1980-1996 expenditure shares. “ltem substitu- . L P X .

tion rate” = fraction of CPI price quotes for which a substitute nomic grOWth durmg this time pe”Od- Costa
replaced the previous month’s item; “Noncomparable item substitu- (2000) examines the Shifting share of entertain-
tions” are those for which the BLS could not identify a virtually ;

identical item in the same outlet. The dependent variable is the ment _Spendmg as well as _that_ for fQOd' Sh_e also
1980-1996 annual growth in relative spending after netting out €xamines a number of differing time periods.
substitution effects (using relative price changes and an average Her conclusions for the period 1972-1994
across all consumption categories of 0.5) and the effects of shifting . . .

demographics (region, urban vs. rural, age, age-squared, number oi“argely mirror those of Ham|ltqﬁ.The|r. results
people per household, number of children per household, and maritasuggest we may be understating the importance

status). The relative Engel-curve-independent variabke/{sr — 1) of differences in goods' Engel curves by ignor-
for categoryi.

Sources:Consumer Expenditure Surveys, Bureau of Labor Statis- ing unmeasured ngWth-

tics, U.S. Department of Labor for the 1980-1996 growth rates of Equation (2) depicts the shift in Spending on

expenditure shares for 106 categories; General Accounting Office, f i C

U.S. Congress for the 1997 item-substitution rates for the 106 dynfamlc QOOdSpX' relatlve to Spendmg_on the

categories. static good,C, assuming that growth is well
measured. Now consider unmeasured growth in
quality equal taAq for static goods and equal to

contained in Table 2. We also adjust for relative Ag, for dynamic good$. For concreteness,

price changes in the manner done for Tablethink of food in the Hamilton (1998) and Costa

2. To construct absolute values of s across  (2000) exercise as godd, and all other goods

goods, as is necessary to control for price

changes, we assume an averagecross goods

of 0.5. (We obtain very similar results using an  °Leonard Nakamura (1997) conducts calculations in the

averager equa| to1lor 025) The demographic spirit of Hamilton (1998) and Costa (2000), but also with

changes we account for include age fam”ysomething in common with our own. Breaking consumption

d id h ! T blinto nine categories, he finds that shifts in spending accel-

status, an . resi ?nce (See the notes to a_ Erated over 1974-1994 relative to 1959-1974. He infers

3.) To predict the impact of these demographicCthat the true growth rate may have accelerated across the

changes in shifting spending, we multiply the two periods, in contrast to the deceleration in measured

change in each variable by the coefficient it 9rowth. We suggest that this shift may reflect an accelera-

: - tion in the arrival rate of new varieties.

received when employeq as a .Coniml in the 4 Accounting for these possible measurement errors in

cross-household regressions estimating the 10@quation (2) yields a shift in measured shares of

Engel curves.

The first row of Table 3 presents the result of A(pX) — AC

regressing the residual share changes (share ST ze s AQ) + (1 — o) AP
changes after removing the impact of Engel a *
curve, price substitution, and demographic ef- — (1 - 00(Ag— Ag) + AN + oA,

fects) with the BLS item-substitution rate for A2 denotes measured average annual rate of growth for
the full sample of 106 goods. As expected, thez, possibly distinct from its true rate of growth.
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as goodX. Implicit in their exercise is thahq,  cussed above. This yields a somewhat larger,
equalsAq, and that botiAN andA v equal zero.  but still insignificant, coefficient for a catego-
If relative price changes are small or controlled ry’s relative Engel curve. The final row of Table
for, then spending on food will decline by 3 also excludes phone service and cable TV.
[(oc, — o)lo] (AC + Aq) percent per year The coefficient on a category’s Engel curve is
relative to spending on other goods. Both au-now larger and marginally statistically signifi-
thors find that food’s share declined consider-cant. But its magnitude, 0.75 percent, remains
ably more than predicted byd¢({ — o)/a] AC, below the measured growth in consumption of
where @, — o)/o is based on the extent that 1.25 percent per year. Thus, it continues to
food’'s share is lower in richer versus poorer suggest that unmeasured growth was negative.
households. They conclude that unmeasuredrinally, we note that in all cases the rate of item

growth was important. substitution predicts rising expenditure share.
Of course, food’s share could fall faster than
predicted by food’'s Engel curve for reasons IV. Summary

other than unmeasured overall growth. Demo-
graphic or preference shifts could be important. We find that spending shares have shifted
Also, if unmeasured quality growth differs in dramatically, with these shifts poorly antici-
importance for food versus other goods, and pated by relative Engel-curve or price effects.
does not equal 1, then food’s share will be Spending has shifted rapidly away from goods
affected. Finally, if variety grows more slowly that arguably show little variety change, with
for food than for other goods, then this will the shift accelerating in the last 20 years. Taken
cause food's share to decline. at face value, the shifts imply variety growth
In the second row of Table 3 we redo the averaging about 1 percent per year over 1959—
Hamilton-Costa exercise for our 106 spending 1999, and accelerating about 1 percent between
categoriesS. The coefficient on the relative En- the first and second halves of the sample (1979—
gel curve equals 0.38 percent and is statistically1999 relative to 1959-1979).
insignificant. Absent measurement error, this We also find that the rate at which the BLS
coefficient should equal 1.25 percent. The esti-must substitute noncomparable items in its pric-
mate actually implies that there was an unmea-4ng basket predicts increased spending on a
sureddeclinein quality of 0.87 percent per year category. This provides some auxiliary support
(1.25— 0.38) on average for the 106 goods. By for the idea that new products have played an
contrast, if we conduct the exercise for just food important role in the substantial shifts in spend-
at home (which we estimate has an Engel curveng. Finally we argue that variety shifts are
of 0.53 versus all consumption), the implication important to consider in the exercises of Ham-
is substantiapositiveunmeasured growth of 2 ilton (1998) and Costa (2000), each of whom
percent per year over 1980-1996. Thus, we arecaptures a rate of unmeasured growth by ob-
obtaining different results from Hamilton serving the rate at which spending shifts away
(1998) and Costa (2000) not because of thefrom necessities toward luxuries. We also find
sample period, but rather because of the breadtlthat, for the 1980-1996 period, their calcula-
of categories examined. To us, this suggests thations are not robust to considering a broad set of
their exercise is not robust to considering spending categories.
broader categories of goods.
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