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I. INTRODUCTION

Although interest in the phenomenon of inflation is both long-
| standing and widespread, formal analysis has for the most part con-
centrated on analyzing and projecting broad price level aggregates,
such as the wholesale and consumer price indexes and the national
output deflators( as an excellent case study, see Eckstein, ed. 1972).
Until recently this approach was quite successful, but in the last
couple of years most macroeconomic models of price behavior have
performed poorly. As is well known, the general inflation of the
past two years has been accompanied by significant relative price
adjustments and this, in turn, has led to very unusual relationships
among the several different price indexes. It is our belief that an
examination of the properties and biases of the different price
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indexes, as well as a detailed and disaggregated examination of
their components, is necessary for a more complete understanding
of the movement of prices over the recent period. In what follows,
we will attempt to work out a procedure for this and then outline a
preliminary attempt to analyze and decompose the inflation.

The behavior of prices over the past two years has been not only
distressing to consumers but equally puzzling to economists and
other analysts. The discontinuity in the rate of inflation was the first
surprising feature. Over the past two decades, there has never
been as rapid an acceleration in price level increases as over the
past two years: the consumer price index increased 3.6 percent in
1972, 9.4 percent in 1973, and at an annual rate of 12.7 percent in
the first six months of 1974. The last time such a large discontinuity
in the rate of inflation occurred was during the Korean War period.

The second extraordinary feature of the recent inflation was that
the different price indexes showed widely different rates of infla-
tion. For example, over the entire two-year period July 1972-July
1974, the wholesale price index (WPI) rose 35.1 percent, the con-
sumer price index (CPI) rose 18.2 percent, the seasonally adjusted
GNP deflator rose 15.1 percent, and the wage rate of production or
nonsupervisory workers likewise rose 15.1 percent. The puzzle is
that the historical pattern of the relationships among these series is
exactly the opposite, with wages usually rising the most rapidly,
followed by the consumer price index and GNP deflator, which, in
turn, have risen more than wholesale prices (WPI). What accounts
for this inversion in the relationships?

With the WPI rising more than twice as fast as the price of domes-
tic output (represented, say, by the GNP deflator), how is it possible
that profits have not been enormously squeezed? This question
seems particularly difficult to answer when it is considered that the
wholesale sectors as defined by the Bureau of Labor Statistics (BLS)
account for approximately one-half of the value added of the econ-
omy. As it turns out, much of the puzzle about the relative per-
formance can be explained by the peculiar construction of the
wholesale price index. In the next section, we consider the current
index, show the bias involved in its construction, and present a
preliminary version of an improved index.

A second aspect of this paper, which we deal with in section III,
is concerned with accounting for, or decomposing, the inflation ex-
perienced in the wholesale sectors, that is, we present a technique
for determining how much of the inflation was due to each of a list
of exogenous sectors, for example, how much was due to wage rate
increases, grain price hikes, or jumps in the price of crude o0il? We
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developed this approach in response to a notion that the recent
inflation was somewhat different from previous inflationary epi-
sodes. The price increases seemed less strongly fueled by infla-
tionary labor contracts and more concentrated among crude foods
and materials. To some extent, all these vague notions are con-
firmed by-the analysis.

PROBLEMS OF THE WHOLESALE PRICE INDEX

As stated above, most of the puzzling divergence among the pub-
lished WPI, the CPI, and the GNP deflator can be explained by the
peculiar, and we think faulty, construction of the WPI. The index
includes a wide array of goods and services, although exactly which
ones are included seems to have been determined in a rather ad hoc
manner. These goods and services differ substantially in their stage
of manufacture. The index itself is a compilation of a relatively large
number of subindexes (or “price-relatives”). It can be represented
as

N N N
WPI = WP‘/ WP W, = 1.00
; it i ; i ; i

where W; is the weight assigned to commodity classification i, PS is
the initial or base-period price for that commodity classification,
and P} is its current price. As the weights are not revised from
month to month, but rather are determined by base-period char-
acteristics of the sectors, the WPI is a Laspeyres index and thus
generally tends to exaggerate inflation relative to a chain index.

There are, however, much more serious biases constructed into
the index. One major flaw of the current WPI is that the weights are
proportional to the value of total sales of the various sectors. The
problem is that in aggregating the subindexes, price increases ex-
perienced by crude products are double and triple counted. For
example, when the price of wheatrises, it will influence the WPI as
a price increase of wheat, flour, and bread. The more stages of
manufacture a crude item goes through, the greater the weight
assigned to it. Conversely, the official WPI underweights price
movements of items at later stages of manufacture. As long as all
prices are changing in a more or less uniform manner, this problem
of the WPI weighting system is not apparent. However, if the infla-
tion is particularly acute among crude products and materials, as in
the past two years, the index will badly exaggerate the increase in
the level of wholesale prices.!
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It seems to us that the current procedure followed by the BLS is
indefensible on economic grounds.? It clearly has its roots in his-
torical procedures, for it is only relatively recently that detailed
input-output information has been available for construction of a
more appropriate index. With the systematic collection of that in-
formation, there is no reason not to reconstruct the index in such a
way as to avoid the problem of double counting.

In an earlier paper (Nordhaus and Shoven 1974), we presented
two alternative indexes for a wholesale price index, one based on
value-added weights, the other on net-output weights. The method
of construction of value-added weights is self-explanatory. Net-
output weights in principle aggregate the entire wholesale sectoras
ifit were a single firm and treat the ratio of the price of that “whole-
sale imm” to the rest of the economy as the relevant concept. The
weights, quite naturally, are proportional to the sales of the “whole-
sale irm” to the rest of the economy; they are “net-output weights”
in the sense that they net out sales within the “wholesale firm.” The
rationale behind this weighting system is that the transaction prices
and the circular flow within the “wholesale irm” are irrelevant to
nonwholesale buyers; it is only the prices and quantities that exit
from the “wholesale irm” that are important.

In this paper, we have presented only the net-output-weighted
wholesale price index.? The reason for this is that an index with
value-added weights may not accurately reflect prices if purchases
of the “wholesale firm” from outside itself are significant and move
differentially from prices within the wholesale sector. Consider, as
an example, a rise in prices due only to an increase in the price of
imported petroleum. To take the extreme case, assume that the
domestic petroleum industry simply transships petroleum products
and, therefore, has no value added. In such a scenario, a net-output
price index would reflect the fact that wholesale prices have in-
creased. However, with a value-added index, the petroleum indus-
try would have a zero weight, and therefore the rise in petroleum
prices would lead to no (direct) rise in the wholesale price index.?
It seems to us that the WPI should reflect increases in the prices of
“wholesale” goods from whatever source these price increases
originate, and for that reason, we prefer a net-output WPI to a value-
added index.

In order to compute the net-output weights we used a slightly
updated version of the 1967 input-output (I/O) table published by
the U.S. Department of Commerce, with the revisions being made
in the import coefficients. This table is more recent than the one
used in our previous article,; and that fact has modified the com-
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parability of the results somewhat. Imports were expanded to five
rows and the columns were updated to be consistent with data
available for the fourth quarter of 1972.

In the computation of our alternative net-output WPI, the major
problem was caused by the lack of correspondence of the input-
output sectors of the Department of Commerce with the sectors of
the WPI subindexes. In fact, the WPI classification does not match
the Standard Industrial Classification (SIC), the Standard Com-
modity Classification, the United Nations Standard International
Trade Classification (SITC), or any other standard classification.
This situation necessitated the construction of a concordance be- -
tween the WPI sectors and the input-output sectors as no monthly
price statistics are computed for the latter. This task has been com-
pleted, but imperfections in this concordance could introduce some
errors into our analysis. The concordance we used is described in
detail in Appendix B (on microfiche; see inside back cover).

We computed our net-output WPI for three separate nine-month
periods: November 1970-August 1971, the pre-Phase I period;
November 1972-August 1973, the same time span two years later,
and the period in which grain and agricultural prices rose so sub-
stantially; and October 1973-July 1974, the most recent period for
which complete data are available. We have also shown the results
for the two-year period July 1972-July 1974. The results are given
in the following tabulation; the official universe of industries is
included:

Official WPI Net-Output WPI

Time Period (% increase) (%.increase)
11/70-8/71 3.61 2.49
11/72-8/73 17.73 12.75
10/73-7/74 16.58 14.30

7172-7/74 35.09 28.42

In each of the three nine-month periods, the net-output WPI in-
creased less, although the absolute difference is most significant in
the November 1972—-August 1973 case.

A second problem with the official WPI is that it excludes a very
sizable portion of the economy. All services—public and private—
are excluded, as are construction, publishing, transportation, com-
munication, much of public utilities, and all of trade. Historically
this selection has led to a downward bias, but the opposite was
clearly the case in the period November 1972-~August 1973. During
that period, prices in the excluded sectors went up significantly less
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than average; for example, in construction and printing and pub-
lishing, sectoral prices increased only 5.0 and 7.2 percent, respec-
tively.

There is a real but not terribly profound question involved in the
choice of sectors for inclusion in a wholesale price index. His-
torically, the United States WPI has covered mainly mining, foods,
and manufacturing. The omission of services, construction, publish-
ing, transportation, communication, public utilities, and trade was
undoubtedly related to the unavailability of price data rather than
to any deeply held conviction that these were not “true” wholesale
industries. As with the problem of weights, the availability of
broader and higher quality data makes the question of the universe
of a wholesale price index open for discussion and revision. One
possible candidate would be an “industrial” price index that would
have the same universe as the widely used industrial production
index. We admit that we see little intrinsic merit in a wholesale
price index per se; rather the index is of interest insofar as it pre-
dicts future trends in the prices of final goods to consumers, firms,
or to the economy as a whole.5

In attempting to construct a wholesale price index that contains
a broader universe of industries, we have included all sectors
classified by the Department of Commerce under agriculture,
forestry and fisheries, mining, construction, manufacturing, com-
munications, and utilities (these correspond to input-output sectors
1 through 68). We repeat that there is no clear justification for the
exact delineation of sectors as regards inclusion or exclusion.
Rather, we have tried to construct a broad index of the price level of
the business sector of the economy. Using this universe, we cal-
culated the percent change in a net-output-weighted index for the
same four periods as above, and the results are displayed in the
following tabulation:

Net-Output WP{

Official WPI  Official Industries /O Sectors 1-68

Time Period (% change) (% change) (% change)
11/70-8/71 3.61 2.49 3.08
11/72-8/73 17.73 12.75 9.73
10/73-7/74 16.58- 14.30 12.94

7/72-7/74 35.09 28.42 24.98

Analyzing the results, one sees that the narrow sectoral span of
the official WPI gave a lower estimate of the rate of inflation in the
first nine-month period, but resulted in a higher estimate over the
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other three time intervals. The difference was particularly sig-
nificant in the November 1972-August 1973 period, as was antici-
pated above. Comparing the performance of the broadly based net-
output WPI with that of the official index, one can draw several
conclusions. Most striking perhaps is that the official WPI indicated
a rate of inflation 82 percent greater than the broadly defined net-
output WPI during November 1972-August 1973. This was, of
course, the time span in which grain prices increased so dra-
matically. A second result, perhaps equally important, is that while
the official WPI indicated that the rate of inflation in the whole-
sale sectors was slightly lower during October 1973-July 1974 than
November 1972-August 1973, the net-output WPI indicates the
opposite—in fact, indicates the rate to have been some 33 percent
greater.

To summarize, it is our opinion that the problems associated with
the official wholesale price index should be high on the agenda for
official review and revision. There can be differences of opinion as
to the proper universe for a wholesale or industrial price index, but
the weighting system currently used cannot be defended on eco-
nomic grounds. In earlier periods, the peculiarities of the official
index have not resulted in grossly distorted estimates of the rate of
inflation. However, in the last two years, the index has significantly
exaggerated price level movements, and consequently, its periodic
announcement has probably done the economy a disservice.

DECOMPOSING INFLATION

In addition to the perplexing divergence between the WPI and
CPI, which we now have gone a long way toward explaining, there
still is the question of determining how much of the inflation was
due either directly or indirectly to price increases of livestock and
agricultural products, how much due to crude oil price increases,
and how much was caused by wage rate hikes. In this section, we
present a technique for decomposing the inflation, thereby pro-
viding some answers to these questions.

In order to accomplish this decomposition of the inflation, we
divide the economy into two broad sectors, a “normal-pricing” sec-
tor and a “sensitive-pricing” one. We justify this procedure on the
ground that firms in much of the economy appear to set prices
essentially on the basis of normal, or cyclically adjusted, average
costs of production.® There appears to be very little price reaction
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in the normal pricing sector to changes in demand, at least within
the range of variation observed over the postwar period. Rather, the
response to an increase in demand is an increase in the quantity
produced (or in backlogged orders), as well as an increase in the
purchases of primary factors, labor, materials, and, eventually, cap-
ital. It is only if and when the increased demand for primary factors
results in higher input prices that the normal-pricing firms raise
their prices.

The second part of the economy is the price-sensitive sector. The
prices of these goods are competitively determined. Many of them
appear on commodity exchanges and often they are traded on world
markets. In these sectors, prices are set by the traditional textbook
principles of supply and demand, and these are indeed sensitive,
sometimes very sensitive, to the evolution of demand. At present,
we do not fully understand why this bifurcation of pricing phe-
nomena occurs, nor is the exact delineation of the two sectors
obvious. In what follows, however, we have taken the price-sensi-
tive sector to be relatively small, including mainly crude materials.
For the rest of the economy, we assume that the practice is that of
normal pricing.

In order to implement our procedure, we have again made use of
our slightly updated and revised version of the Department of Com-
merce’s 1967 input-output table. We have assumed that the per-
unit-of-output labor coefficients of the various sectors decline
through time because of productivity increases. We assumed that
the rate of labor productivity growth for each sector was equal to
that estimated by Greenberg and Mark (1968) and Egbert (1968) for
1947-1964. All other coeflicients are assumed constant over time.
Let A be the direct unit input requirement matrix:

All <o -Aln

An .. L Ang

where A;; is the amount of input i required to produce one unit of
outputj. Then we know by definition of value added that

P=AP+VA
where
VA=wL+T+7

with P being the n-dimensional column vector of prices; VA, the
vector of value added per unit of output; L, labor requirements per
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TABLE 1 Listing of Exogenous Sectors

= W o

® oo

Livestock and livestock 9. Stone and clay mining and
products quarrying
Other agricultural products 10. Chemical and fertilizer mineral
Forestry and fishery products mining
Agricultural, forestry, and 11. Imported crude foods
fishery services 12. Imported manufactured foods
Iron and ferroalloy ores mining 13. Imported crude materials
Nonferrous metal ores mining 14. Imported semimanufactures
Coal mining 15. Imported manufactured goods
Crude petroleum and natural gas

(6)

unit of output; w, the wage rate; T, the vector of indirect business
taxes per unit of output; and 7, the profit rate, including deprecia-
tion, by sector.

The interpretation of equation 3 is that prices equal materials
costs plus labor costs, taxes, and profits. Solving that equation for
the column vector of prices we obtain the following equation:

P=[I-A'T'VA

which gives prices as a function of labor costs, indirect business
taxes, and profits (or return to capital).

In contrast to the above procedure, we have split the input-output
sectors into two classifications, the exogenous or price-sensitive
sectors and the endogenous or normal pricing sectors. An exact list

of our fifteen exogenous sectors is contained in Table 1. The cost or

price of labor is likewise taken to be exogenous, even though it is
clearly not competitively set nor is labor traded on world markets.
We have assumed that the other two components of value added—
indirect business taxes and profits—are constant per unit of output.
Perhaps this is one defect of our procedure, as it would have been
more in line with earlier studies to assume that profits are marked
up on normal costs.

Consider a rearrangement of the matrix of per unit direct require-
ments (A) so that the fifteen exogenous sectors are numbered 1
through 15, and the remaining seventy-five, which are considered
endogenous, are numbered 16-90. Thus, A is partitioned as follows:

All AlZ
A =
Ay Ay
A Technique for Analyzing and Decomposing Inflation | 341




(M

©)

9)

where

A,, = 15 x 15 matrix of exogenous inputs into exogenous outputs;

A, =15 x 75 matrix of exogenous inputs into endogenous outputs;

A, =75 x 15 matrix of endogenous inputs into exogenous outputs (these
coefficients are generally quite small);

Ay, =75 x 75 matrix of endogenous inputs into endogenous outputs

Let P,, be a 15-dimensional column vector of exogenous prices, and
let P,, be a 75-dimensional column vector of endogenous prices.
Foragiven change in the prices of our fifteen exogenous products,
AP,,, and a change in the price of labor, Aw, equations 3 and 4
imply for the endogenous sectors that

Aﬁen =A;2Aﬁen +A'12AFeJ +LAw + ATM + AT,y

Again, our hypethesis is that the input-output coeflicients are con-
stant except for the assumption made about labor productivity
above and that there is no change in per unit taxes or profits, i.e.,
AT,, = AT., = 0. We therefore can write our hypothesis in terms of
the predicted changes in endogenous prices, AP%, caused by the
observed changes in the prices of the exogenous sectors, AP,,, as
follows:

AP% = A3,APY +A'LAP,, + LAw
Thus, our theory is that price changes in the endogenous sectors

reflect cost changes due to exogenous price movements.” Solving
equation 8 for AP%, we obtain

AP} = [I — AL '[A|AP,, + LAw]

Equation 9 gives the 75-dimensional column vector of predicted
endogenous price changes, AP%, as a function of the changes in
the prices of the exogenous products and labor. The impact of each
of the exogenous price changes can be evaluated separately, thus
allowing a partial decomposition of inflation in the seventy-five
endogenous sectors. Another procedure is to compare AP}, with
the observed price changes in these endogenous sectors, perhaps
by aggregating both into price indexes.

Our interest, as in the previous section of the paper, is in the sec-
tors that form the official and our revised WPI. Recall that the
broadened universe of our WPI included input-output sectors 1-68.
The first ten of these are the first ten of our exogenous sectors previ-
ously listed in Table 1. The remaining fifty-eight are among the
seventy-five endogenous sectors of our model. To give an example
of the richness of the technique, a detailed decomposition of the
inflation in these fifty-eight sectors is shown in Table 2 for the nine-
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(10)

month period November 1972-August 1973.% Clearly our hypoth-
esis is far from perfect, in that the different observed rates of infla-
tion are not perfectly predicted by the direct and indirect cost
changes due to price changes in the exogenous sectors. For some
sectors the model predicts quite well (note, for example, that, AP},
for item 4, food and kindred products, is 29.93 percent compared
to the observed price change of 33.45 percent) while for others, for
example, leather products (no. 23), the model does poorly. In order
to judge how much of the observed variation in inflation across the
fifty-eight endogenous sectors of Table 2 is predicted by our list of
fifteen exogenous sectors plus labor, we comjruted the sample cor-
relation coefficient, i.e.,

s8 _
Z (APE";Ii - KP;:)(APeni - APen)

i=1

r=

o
oo

—_— 58 -
\/ (AP%, ~APLY " (APer, ~ AP,,)

i=1 i=1

The results for the four periods reported earlier were as follows
(r ranges from +1.0 to —1.0):

11/70-8/71: +.4351 10/73-7/74: +.5339
11/72-8/73: +.6064 7/72-T7/74: +.5952

Perhaps at this point we should emphasize that what our tech-
nique offers is an accounting for inflation and not an explanation
or direct identification of its causes (such as incorrect monetary or
fiscal policy). However, the results of the analysis do provide in-
sight into the nature of the price increases (e.g., whether they are
largely “labor cost-push,” raw materials induced, or ‘“demand-
pull”) and should be quite useful in suggesting the appropriate
anti-inflationary policy instruments.

Returning to Table 2, one encouraging fact we note is that the
residuals seem to center around zero, meaning that while the varia-
tion of price increases across sectors may have been only partially
predicted, the level of inflation in these fifty-eight sectors has, in
fact, been closely predicted. That is, price changes in our relatively
short list of exogenous commodities did, on the whole, account for
the level of inflation experienced during November 1972-August
1973 in the fifty-eight endogenous sectors that enter our revised
WPIL.2 In order to analyze this factor more precisely and to report on
the three other periods, we aggregated the data of Table 2 (and the
analogous tables for the other time periods) and formed indexes for
each of the various columns. In constructing these indexes, we took
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a set of weights (either the official WPI weights or our net-output
weights) and applied them to the vector of observed or calculated
price changes. The weights no longer sum to unity, since the fifty-
eight sectors of Table 2 account for only 89.9 percent of the official
weights and 97.0 percent of the net-output weights. The other
weighted commodities are among our list of exogenous goods. The
contribution of the endogenous sectors to the change in the WPI is

58
AWPL,, =\ W,AP,,
2 WiPen,

whereas the amount of inflation occurring in the endogenous sec-
tors which is indirectly due to exogenous price changes is

58
AWPI* = Y W;APY,
2 Wiar,

This can be written in vector notation as
AWPT* = W'l - Ap] ' [A14P,, + LAw]

where the weights are zero for components 59 through 75. Equa-
tion 11 simply aggregates column 1 of Table 2 into a price index
using WPI weights, while equations 12 and 13 do the same thing
for column 6. In similar fashion, aggregation can be accomplished
for each of the other columns of Table 2.

The results of computing these aggregative indexes are sum-
marized and displayed in percent terms in Table 3. To a large ex-
tent, the data in this table answer the questions conceming the
composition of inflation. Wide differences are clearly shown. In the
earliest period labor was a major contributory factor to inflation,
even after we had made corrections for long-run productivity gains.
Our list of sixteen exogenous sectors accounts for some 82 to 88 per-
cent of the rather small amount of inflation evident during those
nine months, with the residual probably due to the unfortunate
construction of profits in our model. In the period two years later
(November 1972-August 1973), labor’s contribution (exog. 16) is
greatly reduced, while agriculture, livestock, forestry, and fisheries
(exog. 1-4) account for nearly two-thirds of the inflation. With the
net-output weighting system, most of the effects of the price in-
creases show up indirectly (as cost increases in other sectors),
whereas with the official weighting system the direct and indirect
impacts are comparable. Imports were also a major inflationary fac-
tor in this period, accounting for 16 percent of the change in the net-
output WPI, largely because of the second and third devaluations
of the dollar in early 1973. As we observed casually from Table 2,
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the list of exogenous sectors accounts for nearly all of the change
in the wholesale price level (93 percent), using net-output weights.

The technique performs less satisfactorily in analyzing the most
recent nine-month period, with the exogenous sectors accounting
for only 60 percent of the inflation. The largest inflationary source
was imports, accounting for 36 to 37 percent of the total, and this is
largely due to the 118 percent rise in the price of imported crude
materials. Labor continued to be a relatively minor factor, while
agriculture, livestock, forestry, and fisheries actually were defla-
tionary (a fact which the official index exaggerates). The 54 percent
price increase in domestic crude oil and natural gas was also a large
factor in wholesale inflation.

Clearly, our two-sector, cost-push model of wholesale inflation
performed less well in this most recent period. Why? First, the
enormous rise in the prices of refined petroleum products was way
beyond what could be explained from the rise in crude oil prices
according to our price data and input coefficients. While our model
shows that the per unit costs of the petroleum industry were up
32.5 percent in those nine months, petroleum prices rose a stagger-
ing 77.7 percent, leaving an enormous unexplained residual of
45.2 percent. Part of the explanation may be that, although the price
of “old” domestic crude oil was not allowed to rise beyond $5.25 a
barrel, product prices rose to the marginal supply price, which in
most cases was the import or “new” oil price of approximately
$10.50 per barrel. The difference, of course, accounts for the
enormous profit increases enjoyed by the oil companies over the
past year (1974).

In order to determine the importance of the petroleum price
hikes, we did another run of our model in which the price of re-
fined petroleum products was taken as exogenous. Although this
procedure is somewhat ad hoc, it can be rationalized as follows: we
have taken the price of crude materials as exogenous, but in the
case of petroleum the “old” domestic price was frozen. Since
product price equalization apparently occurred, the difference
between foreign crude prices and the domestic price should be
included in the rise of the price of petroleum. Put slightly dif-
ferently, the frozen price of $5.25 per barrel is a kind of political
fiction. Since the oil companies were able to sell the product for a
price corresponding to the free market price of about double that,
the price freeze had little effect on product prices and merely trans-
ferred some of the windfall gains from crude producers to oil re-
finers. The simplest way to account for this in our analysis is to
assume that the model correctly predicts the refined product price
and to take the observed refined product price as exogenous.
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The effects of this change on the results for October 1973-July
1974 and for July 1972-July 1974 are shown in Table 4. The de-
tailed, disaggregated results for these periods, with the refined pe-
troleum price taken as exogenous, appear as tables A.4 and A.5 in
the appendix (on microfiche). Approximately 40 percent of our un-
explained residual disappears for the most recent nine-month span,
with the new list of seventeen exogenous sectors (those in Table 1
plus labor and refined petroleum products) now accounting for
78 percent of the wholesale inflation. While the percent contribu-
tion of “energy resources” to inflation is not explicitly separated
out in Table 4, our analysis would indicate that the range of the
figure over this time period is from 55 to 60 percent, including both
domestic and imported resources. At the same time, the relatively
large residual of 22 percent may indicate that some increase in the
profit margins of our remaining fifty-seven endogenous sectors was
experienced with the final and total elimination of wage and price
controls.

The problem of petroleum prices is one reflection of a more seri-
ous omission in the technique used here, one that raises several
questions for an open economy. The major sectors in which prices
are controlled by external forces not taken into account here are
those of export- or import-competing goods. Examples would in-
clude chemicals and iron and steel. Both of these are highly com-
petitive industries engaged in international trade, and it is clear
that, as with raw materials (although in a somewhat attenuated man-
ner), pricing of many of these products is heavily influenced by
world markets. It seems likely that movements of foreign prices of
such exposed commodities—whether they be competing imports or
exports—would lead to similar movements in the domestic prices
of these goods (independent of changes in domestic cost factors).

It is likely that this problem with exposed sectors arose in several
categories during the October 1973-July 1974 period. If we take as
an arbitrary criterion residuals greater than plus or minus 15 per-
cent (from Table A.4), the following eight sectors qualify during this
period:

Residual

18. Plastics and synthetic materials +49.819

22. Leather and leather products —23.967

9. Miscellaneous fabricated textile products -19.294

27. Primary nonferrous metal manufacturing +17.293

26. Primary iron and steel manufacturing +17.071

28. Metal containers +16.984

- 20. Paints and allied products +16.767

17. Chemicals and selected chemical products +15.984
A Technique for Analyzing and Decomposing Inflation | 351




Virtually all these industries are “exposed” to the winds of inter-
national trade and (except for leather) were in tight demand on
world markets. In addition, there was a redirection of demand to-
ward the United States following the 1973 dollar devaluations. So,
in summary, it appears to us that the movement in the prices of
these eight sectors was accompanied and perhaps heavily influ-
enced by the movement in the world prices of these commodities.

This problem points out one of the chief difficulties in applying
our two-sector model for open economies. There is a gray area be-
tween the exogenous and endogenous categories—the exposed
export- and import-competing sectors—where pass-through pricing
breaks down when severe structural shifts occur, such as divergent
trends in exchange rate movements, or when relative price adjust-
ments are different in different countries. At present, there does
not appear to be any good way to allocate these exposed industries
between the exogenous and endogenous categories, and this prob-
lem must be listed on the agenda for future work.

There are, of course, other factors that may have contributed to
the residual movements in these eight industries. In the first place,
the predictions of the model rest on input-output data which are
basically seven years old; in addition, the price and input-output
data are probably still not matched very well. A second factor was
the final lifting of price controls over the past year (1974). We do
not have precise information on how important these controls were
in the different industries, but the results presented here are con-
sistent with the notion that prices in a few industries were held
below their market-determined levels. Finally, we have assumed
that there was no movement in markup over cost; however, there
may have been some increase in profit margins in those sectors ex-
periencing strong demand. The aggregative data on the gross profits
of nonfinancial corporations does indicate an increase in the ratio of
before-tax profits to output from 13.8 percent in the third quarter of
1973 to 15.8 percent in the second quarter of 1974. At this stage, it
is not possible to sort out how much of this increase was due to the
petroleum sector, how much to an increase in inventory profits or
underdepreciation due to original-cost basis, and how much to an
increase in the markup of the endogenous sectors other than
petroleum. Qur preliminary view is that the residuals are in part
due to increased profit margins (apart from petroleum), but this con-
jecture must be tested by further analysis.
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! TABLE 4 Decomposition of Inflation with Price of Refined
Petroleum Products Taken as Exogenous, July 1972-
July 1974 and October 1973-July 1974

7/72-7/74 10/73-7/74
Broad Broad
Net- Net-
Official Output Official Output
WPl WP WPl WPI
Summary Statistics (percent change in WPI)
Percent change in WPI 35.088 24.979 16.582 12.944
Amount due directly to
exogenous sectors 9.668 5.551 3.690 2.706
Amount due to endo-
genous sectors 25.420 19.428 12.892 10.238
Amount due indirectly
to exogenous sectors 18.033 15.546 8.663 7.418
Unexplained residual 7.387 3.882 4.229 2.820

Decomposition of Wholesale Inflation (percent contribution of

exogenous factors)

Agriculture, livestock,

forestry, and
fisheries (exog.
sectors 1-4)
Direct 10.83 6.28 -1.32 0.48
Indirect 8.58 9.13 —-2.68 -2.53
Mining and domestic
fuels (exog. 5-10)
Direct 4.79 1.12 6.79 1.42
Indirect 4.71 4.95 6.31 6.17
Refined petroleum
Direct : 11.93 14.82 16.77 19.01
Indirect 4.51 7.35 6.34 9.43
Imports
Indirect 22.63 22.47 3443 32.29
Labor
Indirect 10.96 18.34 7.85 11.97
Total 78.94 84.46 74.49 78.24
Residual 21.06 15.54 25.51 21.76
100.00 100.00 100.00 100.00
SOURCE: See accompanying text.
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IV. CONCLUSION

We have presented an analysis of the official wholesale price index,
the biases involved in its construction, and a preliminary improved
measure of the price level of the wholesale sector. The issues in-
volved here strike us as important, and we conclude that the official
WPI has been a very misleading economic indicator during the last
two years, as it has estimated the increase in the price level to have
been some 40 percent greater than our improved measure indicates
(35 percent versus 25 percent).

The second aspect of this paper has involved the development
and use of a technique for decomposing the inflation in wholesale
sectors into the factors accounting for it. Despite the problems with
this approach that we have mentioned, we find the results it pro-
vides to be both useful and interesting. The contrasts between the
recent and previous periods of inflation have been quantified.
Many of the shortcomings of the analysis are not fundamental (for
instance, an improved concordance between the price data and
input-output sectors can be developed, and more up-to-date input-
output tables are possible), and we anticipate making further re-
finements in the technique. Some extensions and improvements
are less easily accomplished (such as accurately determining the
appropriate lag structure). Despite this, we anticipate that further
refinements will make disaggregated analyses such as this more
useful in diagnosing and analyzing the sources and structure of
inflation.

NOTES

1. We are by no means the first to point out this particular shortcoming of the WPI
(see, for example, Eckstein and Fromm 1959 and Stigler 1961).

2. An index which is even more poorly constructed is the weekly index of crude
materials prices, which is simply an unweighted geometric average of spot price
relatives.

3. Note that a net-output-weighted price index and a value-added-weighted index
would be identical if they covered the entire economy and the economy were
closed.

4. Indeed, this is why the GNP deflator, essentially a value-added-weighted price
index of domestic output, has been somewhat misleading as an economy-wide
price index over the last year or so. It is conceptually quite different from a CPI
and should be used accordingly.

5. In another piece of research, John Shoven and David Starrett are attempting to
determine the best universe for a WPI and to confirm that an index thus con-
structed predicts future changes in the CPI better than the official WPI.

354 | Nordhaus and Shoven




6. Evidence for this proposition goes back to Kalecki (1939). Recent confirmations,
essentially for manufacturing, have been made by Eckstein and Wyss (1972) for
the United States and by Nield (1963) and Godley and Nordhaus (1972) for the
United Kingdom.

7. A similar approach to this sort of problem was taken by Eckstein and Fromm
(1959) in their study of the direct and indirect impact of steel prices on inflation.

8. The cormresponding results for the three periods October 1970-August 1971,
October 1973-July 1974, and July 1972-July 1974 are displayed in tables A-1,
A-2, and A-3, respectively, in Appendix A (on microfiche).

9. In contrast to amultiple regression procedure, this technique does not guarantee
that the mean of the predicted values equals the mean of the observations.
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COMMENTS

Clopper Almon

University of Maryland

Nordhaus and Shoven make two distinct points:

The “all commodities” wholesale price index overstates the re-
cent inflation because it double or triple counts the prices of basic
commodities.

Eighty to 85 percent of the recent inflation can be explained by
the pass-through of hikes in these basic commodity prices and in
wages.

Both points are, I think, indisputable, and well and clearly made.
Relative to the first, I want to point out only that the Bureau of
Labor Statistics agrees with the authors and does, in fact, publish a
series with behavior very similar to that of the net-output-weighted
index advocated by the authors. Relative to the second point, I shall
indicate a few considerations that would further strengthen their
argument.

The Bureau of Labor Statistics prepares several stage-of-processing
price series. The table below shows the growth rates for four of
these over the periods selected by Nordhaus and Shoven; it also
- includes for comparison the growth rates of the “commodities”
component of the CPI and the Nordhaus-Shoven net-output

indexes:
Whoflesale Price index
All Crude Intermed. Com- CPi:
Com- Net Finished Ma- Ma- sumer Com-

Period modities Output Goods terials terials Goods modities

11/70-8/71 3.6 2.5 2.3 3.4 4.1 2.1 2.7
11/72-8/73 177 12.7 10.8 51.5 10.7 12.9 8.6
10/73-7/74  16.6 14.3 11.7 0.7 23.2 13.4 10.0

772-1/74  35.1 28.4 25.7 49.5 40.0 29.4 20.1
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Conceptually, the Nordhaus-Shoven index should be close to the
finished goods index, and the figures in the table show very similar
movements, though the rise in the finished goods index seems to
have been slightly slower. The explosion of the crude materials
index during the second or “farm” period shows where the source
of the inflation in that period lay. Similarly, the hump in the inter-
mediate materials index in the “o0il” months showed that the latter
inflation had a different cause.

Nordhaus and Shoven also compare the WPI and the CPI. It
would be more appropriate to compare the WPI finished consumer
goods index with the CPI commodities series. The last two columns
of the preceding tabulation show this comparison. One would ex-
pect that during the “farm” and “oil” inflations the CPI would rise
more slowly than did wholesale prices simply because retailer and
wholesaler labor costs were not going up as fast as were farm or oil
prices. And, indeed, we find the CPI index rising by only two-thirds
of the rise in the corresponding. WPI index.

Clearly the BLS offers us some appropriate price indexes.
Equally clearly, the press will go on emphasing the all-commod-
ities index, for it is the most nearly all-encompassing. No single
stage-of-processing index nor the net-output index will meet the
needs of the press, for too many prices are left out. When the price
of cotton goes up, the wholesale price index should reflect the
change even before it shows up in the price of clothes. The original
Nordhaus-Shoven use of value-added weights appears to me to
come closer to filling the bill than does the net-output index. The
trouble with the value-added index, as they point out in the present
paper, is that it does not include imports. But why not include im-
ports with “value added” equal to their value? Such an index would
measure ‘“‘prices paid by Americans and their export customers.”
That seems to be a reasonable concept, attractive to the press and
acceptable to the specialist, and clearly better than the hodgepodge
which now gets all the attention. Of course, we might need better
import price indexes, but we need them anyway.

Nordhaus and Shoven have performed a valuable service by show-
ing the great extent to which inflation can be accounted for by pass-
through, via input-output relations, of changes in a few commodity
prices. I urge the reader to note Tables 3 and-4 carefully and to
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observe particularly that the residual as a percentage of total price
changes is only 3.79 percent for the farm price inflation (Table 3)
and only 21.76 percent for the oil inflation (Table 4). My comments
will be directed to a few matters which may make these residuals,
especially the second, even smaller.

The authors use rates of productivity growth estimated for the
period 1947-1964. The rates by input-output industry are all avail-
able up through 1972 and show a considerable slowdown after
1964. This overestimate of labor productivity growth helps to ex-
plain why all the residuals are positive in tables 3 and 4.

Many of the largest errors in Table 2 and tables A.1-A.5 can be
attributed to technical problems. For example:

Table Sector Error Cause

4 5. Tobacco mfg. —11.7 Tobacco growing has been aggre-
gated with other crops whose prices
rose more than its did. Tobacco
growing is a separate sector in the
363-order tables of the Bureau of
Economic Analysis.

2 6. Fabrics +5.7 Cotton, which had extra large price
increases, was aggregated with
other crops. Again, BEA tables pro-
vide the separate cotton sector.

2 23. Leather —18.9 Apparently, the authors used a table
that included by-product sales,
thereby implicitly assuming that the
price of hides moved with the price
of meat. It did not.

2 46. Radio and TV —-6.3 Apparently imported radios and
equip. TVs have been considered an “in-
2 49. Motor vehicle —4.0 put’ into domestic radios and TVs,

as have imported cars into domestic
cars. This treatment would be all
right if we were explaining con-
sumer prices, but the WPI includes
only the prices of American-made
radios, TVs, or cars.

2 21. Petro ref. 10.3 If, as appears above, imported crude
A2  21. Petro ref. 45.2 has been counted as an input into
domestic crude and then the crude

price taken exogenously as the WPI
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for domestic crude, the pass-
through process has been strangled.
The 8.721 increase due to imports
appears to be just the influence of
the imported refined products.

A-4  18. Plastics and 49.8 BEA tables treat petrochemical feed
syn. stocks produced by petroleum re-
fining as an input into sector 17,
chemicals, which then sells them to
18, plastics and synthetics. Conse-
quently, this major cost item to the
plastics and synthetics industry was
considered to have grown only by
the 14.2 percent predicted for sector
17 instead of the 77.7 percent as-
sumed for petroleum refining.

With these corrections, only two errors of more than six points re-
main in Table 2. The 11.7-point error for 10 (lumber) in the Table 2
results from a special lumber price cycle that has little to do with
other prices. By January 1975, however, the lumber and wood
products price was down to just 10 percent above the November
1972 level. Clearly, lumber belongs among the price-sensitive sec-
tors, in which “prices are set by the traditional textbook principles
of supply and demand” and therefore escape our analysis and must
be made exogenous. Finally, there is the 10.3-point error on pri-
mary nonferrous metals. Greater detail might make clear what the
problem is. Is it the price of gold?

Since Nordhaus and Shoven went to some considerable trouble
to make up price indexes for input-output sectors, I gather that it is
not as well known as it should be that David Gilmartin of the
INFORUM project at the University of Maryland made up such
series for a 185-sector table several years ago and that we keep them
fairly well up to date. Researchers who need them should get in
touch with us. We have used them to estimate distributed lag price
equations which are now a part of our INFORUM model. I am,
therefore, delighted that this fine paper shows the substantial
explanatory power of this approach. What remains to do is to find
some explanation for prices in those “traditional textbook™ cases.
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