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Inventory investment represents a relatively small but volatile portion
of final demand. Though it seldom absorbs more than 2 percent of GNP, it
may rise to 5 or 6 percent of output for particular products. It is there-
fore necessary to account for inventory investment even in a long-term
forecasting model. Moreover, it is certainly desirable to connect inven-
tory investment with expansion of output, and this memorandum presents the
first steps toward that end. The inventory structure. developed in this
manner will become more important when the input-output model is extended
to include short-run applications.

The present model provides for a 93-element vector of incremental in-
ventory-output ratios:called VENMAT, Up until now, all eleﬁents ﬁf thié
vector have been zero. If VENMAT is assumed constant over time, then in-
ventory change (A.Vk) for any produdt k is:

AV, = VENMAT, x A S

k k k

where A Sk is the first difference in shipments of product k, excluding
shipments for inventory-building. Summing over all k we get the total net
addition to GNP;*

Of course, the rub in this calculation is the construction of VENMAT
itself. In order to build up this vector we must know how much of each
input-output product is held in inventory no matter where held: in manu~
facturing establishmeﬁts (as finished goods or materials), in wholesale or

retall trade, on farms, or with other (much smaller) holders. For the

most part, however, our information on inventories is classified not by

*This is called GNP (3) in the forecasting program subroutine
I0COMP.
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product, but by holder. For example, we know the total year-end stocks held
by department stores, but not what portion of these stocks were furniture
or apparel. We need a matrix, say B, such that each element, bi , shows
the fraction of product i in a dollar's worth of inventory held by holder
j. Then using our known vector of year-end stocks by holder, say h, we can
simply calculate the vector v of inventories-by-product as
v = Bh

In the latest (July 1969) MIFP sectoring plan, there are 139 sectors
thch produce goods that can be kept in inventory. Thus the B matrix has
139 rows. In the h vector we have tried to distinguish as many kinds of
business as possible, for the kind of business often reveals a good deal
of information about the types of products held. The only limit to the
size of h is the extent to which the Census Bureau releases annual inventory
data. Table 1 shows the 345 elements currently in h, along with the data

source for each.



TABLE I

(margins) . . . . . . . ..

Number
of rows Holder Source of Data
1 Farming: Cotton . . . . . . . . Survey of Current Business,
USDA, Agricultural Statistics
1 Grains . . . . « ¢ . "Stocks of Grains," USDA Crop
Reporting Board, GrLg 11-1 (1-68)
1 Tobacco .+ « + . .« . . "Annual Report on Tobacco
Statistics," USDA Consumer
and Marketing Service
3 Dairying, Poultry, and
Eggs, Meat, other live-
stock products . . . . . '"Livestock and Poultry In-
ventory, Jan. 1", USDA Crop
R'p'tng Board, LvGnl (67)
8 Mining (incl. petroleum)
and Construction . . . . . . . OBE worksheets, IRS Corporate
Tax Returns
4 Other producing non-
manufacturers . . . . .« . . (no inventories assumed)
121 Manufacturers (finished and
in-process goods) . . . . . Census Bureau:
121 Manufacturers (materials Annual Survey of
and supplies) Manufacturers
1 Consumers of steel mill
shapes (Manufacturers}) . . . Census Bureau:
Current Industrial Report
M33-3
1 Consumers of brass mill
shapes (Manufacturers) . . . . Census Bureau: Current
Industrial Report M33-K
58 Wholesale Trade . . . . « . . . .Census Bureau: Monthly Whole~-
sale Trade Report, BW-11, and
accompanying unpublished data.
21 Retail Trade . . « « « « « « . . .Census Bureau: Annual Retail
Trade Report, BR-13
2 Electric Utilities . . . . . .CIR, M33-K, Survey of Current
Business
;2 Trade and Transportation

.0BE, 1958 Input-Output Study




Producing Sectors

The columns of the B matrix naturally match these elements of h one-
for-one. Some of the elements are easy to specify; most, however, require
tenuous assumptions. The first 139 columns simply form an identity matrix-—-
1's on the diagonal and 0's elsewhere--since we can simply read off inven-
torieé of finished goods. Inventories of materials (the next 139 columns)
are assumed to be composed of "stockable'" goods held in proportion to their

use as inputs. That is,

)

- a .
bi, §4139 © - ij for icl
i ij

where 1 is the set of inputs that can be carried in inventory, and a;. is

ij
the usual input-output coefficient. Agricultural services and construction
do not belong to the set I.

Steel and copper also do not belong to I, but these products are ac-

counted for separately. The Current Industrial Reports (CIR) and the Survey

of Current Business (SCB) give extra insight into the distribution of these

inventories. For steel, there is a total tonnage figure for holdings of
all consumers (manufacturers only). This is multiplied by a composite
price found in the SCB, which gives a control total for steel materials in
in the vector v. It is also suggested in the CIR 133-3 that 80 percent of
ratio is placed directly into the B matrix. More detail is given in CIR
M33-K concerning brass mill shapes, Subtotals of holdings by certain two-
digit SIC groups and electric utilities are given, and there is a breakdown

by shape for the total. Using this data and rough weighted averages of



50

the appropriate BLS wholesale prices, several control subtotals were ob-
tained. The prices used for estimates such as this are always the average
of the December and the following January prices. This is OBE's method of
approximating year-end prices. For simplicity, it was assumed that all cop-
per wire is held by the electrical machinery industry and by electric-power
utiliﬁies. Data for the latter category is given only for investor-owned
firms, which account for 75 percent of all sales to ultimate consumers, so
an estimate of the total was obtained by bringing this ratio up to 100 per-
cent. These utilities also hold a large quantity of coal; this statistic

is found in the SCB.

These known values are inserted as row totals in the inventory-levels
matrix produced by B. The entire row (or part of it, in the case of brass)
is then adjusted proportionately in order to add to the control total. But
now the columns will not add up correctly, so each column vector is also
adjusted proportionately (excluding the known row element.)

Data for agriculture and mining are more difficult to find than for

manufacturing. The following summarizes a few of these sectors:

(a) Data for stocks of grains and of tobacco are in physical
units. Values are obtained by using the season average

prices from Agricultural Statistics.

s (b) Stocks of fruits and vegetables on farms are assumed to be
zero on December 31. This estimate is not only reasonable,
but necessary, for USDA assigns the difference between

production and shipments to "apparent consumption"” on farms.



(¢) Dairying inventories consist of the value of milk cows
on farms.
Because the forecasting model is now run with only 74 sectors that pro-
duce stockable items, all the preceding data (on a 139-sector basis) was

aggregated after the calculations.

Wholesale and Retail Trade

Each year, almost as much inventory is held in the trade sectors as is
in manufacturing. The data, however, are much more scarce. We try to
identify as many kinds of business as are permitted by the availability
of annual data. There are presently 79 types, 58 in wholesale trade, and
21 in retail, a list of which may be found in the appendix.

The wholesale categories are derived from the 1963 Census of Business.

Annual inventory data in this amount of detail are not entirely carried in

the Monthly Wholesale Trade Report, but Census has supplied us with a set

of unpublished statistics.* Merchant wholesalers, independent traders who
hold title to the goods they sell, make up the only classification of whole-
sale trade for which annual data is published. They account for about 75
percent of all wholesale inventories. Non-published annual data for other
elassifications, such as manufacturers' sales branches and assemblers of

%

farm products, were obtained from OBE worksheets. These were estimated by

OBE, using detail information from the 1963 Census of Business. No annual

data is separately available for petroleum bulk stations and terminals,
although in Business Census years, we see that they are quite important.

Yearly inventories were estimated by using changes in prices and in total

.-

"Mr. Harvey Keilen of the Business Division is responsible for the trade
data. Miss Shirley Loftus of the National Income Division supplied the
remaining unpublished data.

IS
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physical stocks (found in the Minerals Yearbook), then benchmarking back to

1963. Retail trade, with fewer types-of-business categories, is easier
to handle, and the inventory data may simply be read out from the Annual

Retail Trade Report.

Before we can calculate the trade portion of the inventory coefficient
matrix "B, we need to know the sales by product of each kind of business.
This information is available only in census years, so in the interim we
assume that in any one kind of business, there is a constant ratio of the
sales of any product to the total sales. For any non-census year all we need
do is multiply through by a vector of total sales. The derivation of these
sales ratios, however, is not an easy task, since the commodity lines in
trade are not at all comparable to the SIC or to our own sectoring. More-
over, the 225 wholesale lines are not even comparable to the 173 in retail
trade. Thus it was necessary to analyze the content of each line and assign
all or part of it to one of the 139input-output sectors. If a line had to

be broken up, the 1963 Census of Manufacturers, Table 6A, was used for form-

ing ratios. Ann Fisher of OBE is currently tackling this problem, but

could only release Scattered information at this time about some of the more
important allocations. Her completed work will be, of course, a bit more
accurate than these rather hasty estimates.

As for the inventory calculation itself, it was unreasonable to apply
the same inventory-sales ratio for every product held in a certain business.
Thus the basic assumption was that the inventory-sales ratio of product i
in kind-of-business j (rgj) is proportional to that of finished product i

. m . . .
in manufacturing industry i (ri ). The constant of proportionality is the



term that forces the total figures to add correctly:

r.? = Yy "

HJ TS i

1]

J

business j. After algebraic manipulation we see that

where V_ is the inventory total for business j and S;j; is the sales of i in
3

,m.
Tj

B.. = V4. = S

i Yq; P ]
—_ 0
i V;
Y r mS..
, i i 1]
since r T = V..
ij gl& :

So, to estimate inventories by product in trade, we need only to utilize
the sales by product (from above) and the shipments for each input-output

industry, in addition to the inventory data itself.

Inventory Valuation Adjustment

In order to obtain consistent statistics for the national accounts,
OBE adjusts inventory changes for differences between book value (as re-
ported) and current replacement cost (which is desired). The calculation
is complex and depends upon knowledge of reported accounting practices, but
basically it is just a price adjustment. Knowing the inventories held by
product and the actual IVA for trade an& manufacturing in the base year,
we can use the input-output deflators to estimate IVA by input-output sector.
Last year's inventories by product are put into current prices and then ad-

justed proportionately to the correct total.




Trade and Transportation Margins

In the input-output model it is necessary to have all items reflect
producer's prices rather than purchaser's prices. Therefore, at the retail
level, we must strip off the wholesale trade margins for each product held.
These margins were estimated by assuming that the vector of percentage mar-
gins for transportation and wholesale trade has remained constant since
1958 (the latest available OBE data). Retail trade stocks were then ad-
justed to producer prices using these ratios, and the margins placed into
the transportation and trade rows (sectors 75 and 81). (Manufacturerg'
finished goods are not adjusted upward for manufacturers' profits, for these

profits are not actually realized until after the good is sold.l}

Calculation of Venmat

With nearly all the long calculations behind us, it is simple to cal-
cuiate the elements of VENMAT used in the forecasting program. First, in
order to meet the limitations of the current 93-sector model, the trade
data must be aggregated to 74 producing sectors. Then we add up the trade

and manufacturing inventories plus IVA (by product) and compute

VENMAT, = Vi

51

where Si is the shipments of industry i. Conceptually it would be better

to define VENMAT as a ratio of first differences rather than of levels. But
these ratios would be quite unstable from year to year, while our current

VENMAT is almost constant (at least for 1965 and 1966). Thus it was decided

to keep the simpler assumption that inventories are proportional to output.
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The following table presents the empirical results for 1965 and 1966.
InQentory levels are shown for the end of each calendar year, by product,
as held either by the trade sector or by any producing (non-trade) sector.
Inventory investment for 1966 is found in the "Total Change" column, which
is simply the sum of the IVA plus changes in trade and producer stocks. The
VENMAT vectors for each year are in the last two columns. Of course, only
the VENMAT for the current base year is used in the forecasting model. It
is interesting to note that even though 1966 was a year of unusually large
inventory accumulation, VENMAT remained relatively constant. Thus, at least
for these two years, ocur proportionality assumption seems to hold up quite
well.

The Appendix lists all the kinds of business, wholesale and retail, as

identified in this study.




APPENDIX

Kind of Business Classifications

Wholesale Trade

1. Motor vehicles

2. Automotive equipment

3. Tires and tubes

4. Drugs, proprietaries

5. Paints, varnishes

6. Other chemicals ,
7. Dry goods, notions

8. Apparel and accessories
9. Footwear

10. General-line groceries
11. Dairy products

12. Poultry and products
13. Confectionery

14. Fish, seafoods

15. Meats, meat products
16. Fresh fruits and vegetables
17. Other groceries

18. Cotton (raw)

19. Grain

20. Livestock

21, Misc. Farm Products

22. Electrical supplies and apparatus

11.

SIC Code

5012

5013

5014

5022

5028

5029

5032

5035

5039

5042

5043

5044

5045

5046

5047

5048



23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34,
35.
36.
37.
38.
39.
40.
41.
42,
43.
44,

45,

Electrical appliances, TV, radio sets
Electronic parts, equipment

Hardware

Plumbing and heating equipment & supplies-
Air conditioning, refrigeration equipment
Commercial machines, equipment
Construction, mining machinery, equipment
Industrial machinery, equipment

Industrial supplies

Farm and garden machinery, equipment
Professional equipment, supplies
Service~establishment equipment, supplies
Transportation equipment, supplies (exc. auto)
Coal

Ferrous Metals Service Centers and Offices
Non-Ferrous Metals Service Centers and Offices
Gasoline, kerosene, fuel oil plants

Liquid petroleum gas bulk plants, terminals
Iron, steel scrap

Waste materials

Tobacco, tobacco products

Beer

Wines, distilled spirits

5064

5065

5072

5074

5077

5082

5082

5082

5082

5083

5086

5087

5088

5091

5091

5091

5092

5092

5093

5093

5094

5095

5095

12.
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46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Printing and writing paper

Industrial and personal service paper
Stationery, office supplies

Furniture (household, office)

Home furnishings, floor coverings
Lumber, millwork

Construction materials

Amusement, sporting goods

Bdoks, periodicals, newspapers

Farm supplies

Jewelry

Gifts, art goods, advertising specialties

Other products

Retail Trada

39.
60.
61.
62.
63.
64.
65.
66.
67.

68.

Lumber yards

Hardware stores

Farm equipment

Building materials, rest of lumber
Department stores

Variety stores

Other general merchandise

Grocery stores

Other food stores

Automotive dealers

13.

5096
5096
5096
5097
5097
5098
5098
5099
5099
5099
5099
5099

5099

" SIC Code

rest of

5211

5251

5252

521 pt,522,3,4 -
531

533

539, pt

541

54

55 exc 554



69.
70.
71.
72.
73.
74.
75.
76.
77.
78.

79.

Gasoline stations

Apparel

Furniture

Home Furnishings

Appliances

Television and Radio

Eating and Drinking establishments
Drugs and Proprietaries

Liquor |

Jewelry

All other

554

56

5712

rest of 571

572

573

58

591

592

597

rest of 59

14,
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