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CONJOINING AN OHIO INPUT-OUTPUT MODEL WITH AN ECONOMETRIC MODEL OF OHIO"

%

Wilford L. L'Esperance, Arthur E. King, and Richard H. Sines

fntroduction

In the last decade a large number of input-output (1/0) models have been
built for a variety of regions: cities, states, and multi-state regions.
Bourque and Cox [1] catalogue virtually all existing regional /0 models up
to 1970, and Giarratani, et al [4] offer a newer and more comprehensive
bibliography. Richardson [17] discusses and evaluates much of the empirical
and technical literature on |/0 models. Despite a number of analytical
deficiencies and the high costs of data gathering and processing, 1/0 models
have been useful for practical general equilibrium analysis, specifically
for measuring and analyzing interindustry flows as well as determining the
impact of changes on the structure of a regional economy.

The efforts and funds allocated to these models considerably exceed those
committed to building regional econometric models! of which only a handful
exists. Efforts are being made to redress this balance because Keynesian
type regional econometric models offer the potential of coherently depicting
and forecasting the economy's final demand segment, an important component
of an 1/0 model. At the present time, the final demand sector of [/0 models
is 'driven' by a number of ad hoc procedures. It is our contention that the
description of a regional aggregate demand sector incorporated within a well-
specified state econometric model should be able to predict the /0 final
demand vector better than these ad hoc procedures. Taking a broader view,
conjoining an /0 model with an econometric model should result in a more
fully integrated approach® to the economic analysis of a region than has
hitherto been the case. It combines a theory of production with a theory of
aggregate demand.

*The authors are grateful to M. Jarvin Emerson and a referee for their helpful
comments.

**Wilford L. L'Esperance is professor of economics at The Ohio State University;
Arthur E. King is assistant professor at Lehigh University and Richard H. Sines
is assistant professor at George Washington University.

TFor a discussion of recent trends in regional econometric model building see
Glickman [5].

2Very little empirical work has been done linking national input-output models
to national macroeconometric models. Examples are R. 5. Preston [16] for the
U. S., and Seguy and Ramirez [21] for Mexico. As far as we know, no work of
this kind has been done at the regional level.
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In this paper our focus is on the economy of a state. The first objective
is to develop a six-sector 1/0 model of Ohio, using a non-survey technique
similar to the "Supply-Demand Pool' (SDP) technique discussed in Schaffer and
Chu [19]. The second objective is to discuss how this Ohio 1/0 model was
con;onned with the Ohio econometric model (OEM) described in L' Esperance, et al.
[7, 8, 10]. An application, discussed in this paper, is to forecast lndustry
employment using this 1/0 model whose estimates of the final output by industry
are provided by the OEM. Our third and final objective is to discuss a 77-sector
Ohio 1/0 model, which is a disaggregation of the six-sector model, and its
usefulness in forecasting employment by 1/0 sector. We also comment on
converting these employment estimates into employment by occupation.

The organization of the remainder of this paper is as follows: Section I}
is a brief review of the structure of an input-output model. Section 111
contains a brief discussion of the analytics involved: the 1/0 model itself,
the non-survey technique, the conjunction of 1/0 with an econometric model,
and forecasting with the conjoined model. Section Il includes a discussion
of the 77-sector Ohio 1/0 model, empirical problems encountered, and various
tests of this model as a predictive tool.

Before introducing the Ohio 1/0 model and its derivation from the national
model, a brief review of input-output concepts will provide a useful framework
for the discussion which follows. |/0 techniques focus on the relationships
among gross industry outputs, intermediate demands for output (i.e., inputs
used in the production process) and final demands for outputs.

Assume there are n industries producing n goods purchased by the n
industries and by the consuming sectors for end use.

Let x = X] = an n x | gross output vector
: where xj = gross output of the jth industry
X
an

y = —-y]— =ann x 1 final demand vector

. where y; = final demand for ith industry's output
Y
YnJ

55



_ T _ . . .
X = STIRE X]j cree Xy = an n x n interindustry transactions
matrix
X{p sees Xjjoeeee X5
Xop vee- Xnj oee- X"TJ
where xij = amount of output | purchased by industry j for use as input.

= intermediate demand for output i by industry j.

Now the ith gross output is the sum of the ith industry intermediate sales to
the n industries plus the final demand for the output of industry i, shown
as equation (1):

n
(1) x; = E] Xij +y; i=1,...,n.

n
Total intermediate demand, I xij’ is the horizontal sum of a row of X, and

J
yij is final demand for the output of industry i.

Let
X, .
(2) ajj = —l = technical or direct coefficient, i.e., input from
J industry i per unit of output of industry j

The n x n matrix A whose elements are the technical coefficients ajj» is

ayy et 3y

an .-+ ag,
The a;:'s implicitly depend upon the existing production technology assumed to

be of'{he fixed coefficient type.

Now multiplying both sides of (2) by Xj and surming over j yields

n n
E X, = z a:: X,
=t =
which can be substituted into (1):
n
B x; = jzl a Xty i=1,...,n
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This system of equations may be written more compactly in matrix form
for all industries as

(5) x=Ax+y

The direct and secondary or indirect output requirements may be obtained by the
following matrix operations:

x - AX

(1-A)x =y where | = n x n identity matrix

If (1-A) satisfies the Hawkins-Simons conditions, then its inverse (I-A)'l exists
and thus the final demand and gross output vectors are non-negative.

6) x

By

where
B

[}
—
1
b=
=

]
|

is anxn Leontief inverse matrix of direct and indirect outputs required as
inputs per unit of final demand. The coefficient b;; equals total (direct plus
indirect) required increased output from industry i when final demand for industry
j's output increases by one unit. Equation (6) is the familiar relationship
which is useful for planning and forecasting purposes. Given final demand as

the independent variable, one can calculate the dependent variable in the form

of gross industry output required to satisfy that level of final demand. Given

forecasts of y, say y* and B, it is a simple matter to find the product By* =
x* = forecast of output.

in general the current practice of forecasting industrial or sectoral output
with (6) relies on ad hoc procedures to generate the necessary final demand
forecasts. We propose to '‘drive'' the Chio 1/0 model for forecasting purposes
by the final demand vector projected from the OEM. That is, an econometric
model will provide the forecast of y which can be used in turn to forecast
gross output, x. A well-specified regional aggregate demand model should
provide a better conceptual framework for forecasting the final vector than

ad hoc procedures.

3The Hawkins-Simons conditions, which are equivalent to the strong and weak
solvability conditions, insure that (1-A)”' exists and guarantee non-negativity
of these two vectors, thereby assuring their meaning in an economic sense. See

Nikaido [13, pp. 90-94].
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The Ohio Input-Output Model

This section is about the non-survey construction of the Ohio 1/0 model.
After a brief presentation of the analytics of the non-survey technique, we
discuss problems encountered in constructing the required data, testing the
1/0 model for consistency and reliability, and using the model for forecasting
purposes.

The use of an 1/0 model for forecasting purposes assumes a knowledge of B,
the Leontief-inverse matrix, which in turn requires a knowledge of production
requirements, i.e., the direct coefficients matrix, A. In order to derive the
Ohio 1/0 direct coefficient matrix and establish the linkages between the Ohio
1/0 and the OEM, two simplifying steps were taken. First the Ohio economy was
aggregated to six private sectors; and an Ohio 1/0 model was built using a
non-survey procedure for these sectors. (Later in this section we discuss a
77-sector 1/0 model.) Aggregation involved a simple summation of transactions
and total gross outputs along the following Tines:

Corresponding U.S. 1/0

Section # Ohio Economic Sectors Industry Number(s)

1 Agriculture, mining, trans- 1-10, 65-68
portation, communications,
utilities

2 Construction 11-12

3 Manufacturing 13-64

4 Trade 69

5 Finance, insurance & real estate 70-71

6 Services and other 72-77 .

The reason for aggregating the 77 private 1/0 U.S. industries to the six
sectors shown above was to make the industry classifications of the Ohio

1/0 model consistent with those of the OEM. The industry classifications of
the OEM are based on the Standard Industrial Classification (SIC) code [3].
The advantage of working with this degree of aggregation® is the simplicity
with which the consistency of one model could be checked against the other.

ATwo studies, Doeksen and Little [2] and Williamson [24] suggest that severe
unweighted aggregation has little impact upon sectoral multipliers and hence
on impact analysis. However, Hewings [6] points out that unless two theorems
are satisfied, aggregation bias could distort the end results. He demonstrates
how the violation of these two theorems in the case of the aggregation of the
1963 state of Washington input-output model affects the level of gross output.
One of these two theorems applies to our aggregation. It states that if the
final demands are proportional to those of the base period, then the aggre-
gation bias is zero. The final demands of our aggregation of the U. S. 1/0
model are not proportional to those of the base period; however, they are not
distinctly different from the base period.

SWe did not include the 77-sector version of the Ohio 1/0 model in this paper
because of space considerations--the table of direct coefficients alone fills

26 computer print-out pages.
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The Non-Survey Method

The second simplifying step was to use an existing computer algorithm of
a non-survey technique to derive the Ohio direct coefficients from the U. S.
direct coefficients. This algorithm requirfes the U. S. transactions matrix
estimates of Ohio final demands and estimates of Ohio total gross outputs.
The Bureau of Labor Statistics of the U. S. Department of Labor provided the
U. S. transactions matrix for 1970. Ohio final demands for 1970 were obtained
from the latest version of the OEM [7, 8].

The algorithm is quite straightforward.7 All variables are for the same
year, 1970.

h

Let xj = Ohio total gross input for the jt sector
yi = Ohio final demand for the ith sector
a?? = U. S. direct coefficient
a?j = Chio direct coefficient
Assume for the moment that
o _ Us
ajj = ayj

The ith phio total gross output required to satisfy tentative intermediate demand
and final demand is then

T n us s

.= S+ oy, =1,...

Xj jil aij xJ Y; i ] N
The tentative Ohio total gross output required (xT) or demanded of industry i
and the actual Ohio total gross output (Xi) supplied by i are compared as
follows:

6This computer algorithm was originally developed by €. J. Palmer and M. R.
Layton [14] at the U. S. Department of Agriculture, Economic Research Service,
East Lansing, Michigan. It was subsequently translated and modified for use

on The Ohio State University computer by the Center for Human Resources

Research, The Ohio State University.

TThis algorithm can be classified as a variant of the regional commodity balances
approach and as such is very similar to the "Supply-Demand Pool' (SDP) non-survey
method reviewed by Schaffer and Chu [19] and Richardson [17]. It is easily

shown that the adjustment criteria of the SDP method and the algorithm herein
are identical.
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—_— Di i=1,...,n
xT
i
- . . us . .
The decision rule for adjusting the ajj is formulated for each i = 1,...,n.
AN o _ Us .
(i) if D; > 1 then ajj = ay; j=1,..0,n
. o _ us -
(1) if p; < 1 then aj; = D; 3y j=1,...,n

Interregional trade flows (not calculated in this paper) are derived from a
calculated final demand (y?) based on the a?j:

n
(o4 [+] .
¥ = X = I a X, i=1,...,n
i Lt A ’
Then exports (e;) from the ith ohio industry are:
e. = y? s where i = 1,...,n and Y; T actual final demand

i
and imports (mij) from the ith y. 5. sector to the jth ohio sector are:

_ JUs _ .0 A
mij = aij X3 aij X, i,j=1,...,n

The imports can be expressed as a matrix

M= [mij] i,j=1,...,n
Total imports of Ohio's jth industry are
) n
Sj = ii] mij J=1,...,n

The calculation of trade flows is the weakest 1ink in all non-survey pro-
cedures. As discussed by Schaffer and Chu [19], the SDP method assumes a
considerable degree of regional self-sufficiency. In other words, as much of
the total gross output as possible is assumed to be used within the region to
satisfy the regional demand. This assumption is mitigated by the fact that
the trade flows, which can be calculated as described above, were not used to
project employment. Furthermore, the use to which we put the conjoined Ohio
1/0 econometric model, namely estimating employment by sector, reflects the
contribution of Ohio net exports as part of the estimate of y.

&

8Schaffer and Chu [19] offer the best empirical verification of this fact.
They compare the actual trade flows from the survey-based 1963 Washington 1/0
table with trade flows calculated from various non-survey techniques.
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Projecting the 1970 Total Gross Outputs (TGO's) for Ohio

In order to find the a?~'s, the 1970 total gross outputs for Ohio are

required.

However, because no data were available for 1970, a method was

devised to project the 1970 Ohio's TG0's using Ohio employment data, productivity
rates, and 1963 output data.3 Briefly, this method entails projecting the 1963
direct requirements for labor using average annual productivity growth rates.

From the

projected 1970 direct requirements and knowledge of the actual 1970

employment, the 1970 TGO's can be estimated according to the following steps:

1.

i 63
Aggregate x; ~, i =1,...,77 for 1963 to 6 sectors to get xk63,

k=1,...6.
- 63
Similarly for employment: aggregate € » i=1,...,77 to
obtain 563, k=1,...6, where ej is level of employment in the
ith industry.

From now on, we will use the subscript i to indicate one of
the (77) disaggregate industries and use the subscript k to indicate
an aggregate industry.

Calculate 1963 direct requirements for labor:

63
E
z?- k_, k=1,...,6
x63
k

Obtain average annual estimates of productivity growth py (percent
growth rate) k = 1,...,6. Calculate the growth of productivity from

1963 to 1970 = (1 + p)/.

Calculate 1970 labor productivity, the inverse of the direct requirement:

63,41 ;oo [0) T
(lk ) (+ Pk) = (R'k ) = 0
Xk
Find 1970 TGO's (aggregate):
7071 70 _ 70
(Ek ) e = xg k=1,...,6

Data and calculations up to this point are included in Appendix |.

To disaggregate xlo into 77 1/0 industries, we derived the weights
as follows: Assume that the TGO mix within each aggregate sector
remains constant over the period 1963-1970. Specify the initial

9Disaggregate data for 1963 are readily available by the 77-sector classification
in Polenske [15], Rodgers [18], and Scheppach [20].
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N
(

set of TGO weights as follows:

63

5 x
h
\\~ :}& — ({where k is the kiP aggregate sector TGO where k = 1,...,6;

- x63  the numerator denotes the hth 1/0 industry TGO within the
k kth aggregate sector).

There are, however, several limitations to step #6. We have made
productivity growth projections only for the aggregate industries. Clearly

it would be more desirable to project each 2&3 (k=1,...,77) separately

6
rather than 2 3 (k=1,...,6). This is likely to produce more accurate pro-

jections because productivity for each ith i/0 industry could be used. In
this case, because the disaggregation weighting scheme would not have to be
used a possible source of aggregation error is likely to be reduced or eliminated.

Disaggregating Final Demands

As mentioned above, the 6-sector final demand estimates (yﬁEM) from the
OEM are classifed on an SIC basis. Therefore, to be used in the algorithm
for the 77-sector version of the Ohio 1/0 model, the 6 final demands must be
disaggregated to 77. Two possible methods were considered:

63
1. Disaggregate by employment weights _é_ . However, because this
€k3
. . €;
method assumes Si. is constant, over time, it is implied that ——
X Yi
i i

will also be constant over time. This is less Iikely to hold because
of the variation in the mix of intermediate demands.
[}

2. To circumvent the need for this assumption, we will use weights based
on 1970 projections of final demand for all 1/0 categories made by
Scheppach [20] and symbolized as y5. These projections were made
from 1963 data using various ad hoc procedures (e.g., population
projections). We assume the product mix of 1970 final demand as
estimated by Scheppach is correct. Scheppach's categories of final
demand differ from the OEM's, but the two total estimates of Ohio
final demand are reasonably close:

1970 Final Demand Estimates
(Billions of 1958 Dollars)

(1) (2)
Total GSP~-Ohio GSP-0Ohio
(all sectors) (six sectors)
OEM 39.9 36.5
Scheppach 36.4 32.0
Difference 3.5 4.3
Actual value 0.1 -

(L*Esperance [9])
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The difference is within 10 percent of the OEM final demand for all sectors,
and within 12 percent for the six sectors. Therefore, we imposed the product
mix from Scheppach on the O0EM final demand in the following procedure:

(1) Aggregate y? to 6 sectors, yi, where i = 1,...,77, k=1,...,6,

by simple summation.

s
y3
(2) Calculate weights L
Yk
0
(3) Disaggregate ykEM
y5
s OEM .
—é—-. ygEM =y; i=1,...,77
Yk k=1,...,6

Estimating Total Employment for Each Sector

In the previous two sections, we have needed estimates of total employment
for the 6 aggregate industries as well as the 77 disaggregate industries. Data
on the latter are available from only one source for 1963, Rodgers [18]. Data
are available for the 6 industries from several sources. For instance, Rodger's
data [18] can be aggregated to 6 sectors for 1963 employment figures. The Ohio
Bureau of Employment Services (OBES) has alternative data, as shown in the
table below, most of which are within the same range as the 1/0 data. The major
exception is Sector #1 for which the OBES figures are about 150 percent of the
1/0 figures because of the agricultural component. To confuse matters further,
if U. S. Department of Agriculture (USDA) statistics are used, as shown below,
instead of th?OOBES estimates of agricultural employment, the discrepancy is
even greater.

1963 Employment
(thousands)

Sector
Number  (Rodgers ({Aggregated 1/0) OBES (Wage & Salaried Only)} OBES & USDA

1 251.6 384.0 470.8
2 149.7 130.6
3 1188.4 1234.5
L4 598.8 611.1
5 123.2 126.5
6 393.8 394.4

W07his difference is primarily due to collection techniques and definitions of
agricultural employment. From our standpoint, the USDA double counts some
workers who engage in several occupations. We, therefore, did not use USDA
estimates.

63



In Section 111.2 we used aggreggte 1963 1/0 employment data to calculate

the direct coefficients of labor (Lk )} because we assumed that Rodger's
estimates of employment are consistent with total gross output. Thus, any

errors in either employment or total gross output should cancel out in 133.

70 70

However, when we converted zzo to x via g, , the data we used were OBES
wage and salaried employment. (Rodger's data do not extend to 1970.) This
figure did not include self-employed, domestic and unpaid family workers.
The OBES did not disaggregate this category by industry, so we used the
following ad hoc procedure to distribute the self-employed, domestic and
unpaid family workers (all '"self-employed' for short) across industries:

1. Assume the percentage of self-employed is constant over sectors
and the percentage is equal to the overall percentage of

Self-employed non-agricultural workers

Non-agricultural wage & salary workers = 9.5 percent for 1970

2. .095, = self-employment in the kth sector where k is wage and
salary employment only.

3. For total employment in each sector, e = k + .095k

Sector 70

Number k + 095, = €k
1 349, 4% 33.1 382.5
2 156.8 1h.9 171.7
3 1407.4 133.7 1551 .1
4 759.9 72.2 832.1
5 151.4 14.4 165.8
6 546.1 k1.9 598.0

*0BES figures: 1970 farm labor 103.3 thousand

The Six Sector Aggregate Model

Table 1 presents the calculated 1970 direct coefficients for Ohio. From
these, Table 2 was derived as the Leontief inverse, or the direct and indirect
coefficients. Also, Table 1 combined with the calculated TGO's (see Section
111.2 and Appendix I1) yields Table 3, the 1970 Ohio transactions matrix in
millions of 1958 dollars.

Forecasting Employment by Industry in Ohio

This section discusses the procedure and some of the problems for project
employment by industry for Ohio. The Ohio Leontief inverse matrix, B, must
accurately describe the Ohio economy, and be relatively stable over time. In
addition, the Ohio econometric model must accurately estimate Ghio's final
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demand vector y. If these conditions hold, then post multiplying B by any y
in year t yields the projected total gross output vector x in year t. Trans-
forming this vector of projected industry outputs into employment requires
relating industry employment to industry output in year t.

To handle this problem we assume that employment in each sector e; is
proportional to the corresponding sector's output Xj. A similar approach is
discussed by Miernyk [11]. This means that employment is functionally related
to output as follows:

t_ t
g = li(t)xi

The inverse of li(t) is the often used ratio xF/eF which has been described
in many studies as labor productivity. it shouid be noted that most if not
all sectors are characterized by increasing productivity and thus 2;(t) is a

. . . dge; (t) . .
decreasing function of time, e.g., —L—— < 0. This measure, however, is

potentially misleading since the decline of 2;(t) over time may reflect a
number of factors other than improvements in labor efficiency. Increasing
capital intensity, managerial efficiency, better utilization of capital, more
external economies in addition to improvements in the quality of labor may
account for the decline in 2;(t).

Direct and indirect labor requirements per one dollar of final demand are
calculated by first diagonalizing the n x 1 vector £ into an n x n matrix Lg.
The resulting matrix is then post multiplied by the Ohio Leontief inverse
matrix, and the elements of the matrix LiB represent the total direct and
indirect employment requirements of industry i needed to provide for one unit
of final demand in industry j. This resulting matrix is then post multiplied
by the projected final demand vector to arrive at the direct and indirect
employment requirement estimates for each sector to meet the projected final
demand mix. Projected employment by sector may be expressed as follows:

LtByt = tht = g

In expanded form this is:

- - - -
le(t) (t)o rb” bioeer By y](t)
25 by b?zz.. |.>2n yz(t) _
0 . . o
zn(t) By baz--+ ban v, (0
5 JL i L
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. t) " 0 XI(t) "r(t) X](t) ‘ (t)
t
£2' xz(t) lz(t) xz(t) ez(t)
0 . : = . = 1.
e . Ln(t)_J _;(n(t)_ _ﬂ'n(t) >.(n(t)_ _;:n(t)_
where si(t) is projected employment for industry i in year t.

In Table 4 are presented estimates of employment produced by the conjoined
1/0 econometric model for selected years. They are broken down by the six
major sectors. Except for three cases (1965 and 1966 in services and mis-
cellaneous and 1965 in agriculture, etc.) all percentage errors are less than
ten percent and many are less than three percent. For 1970 it is expected that
the percentage error be zero; and it is zero if the percentage error is rounded
off to within 1/10 of one percent. Except for manufacturing the percentage
errors for 1969 and 1971 are low, reflecting reiiability of the Ohio 1/0 model,
which is a 1970 model, for these years. For the years 1965-1967 the forecast
error increases, reflecting the inadequacy of the 1970 Ohio 1/0 model for these
years. This suggests that revising the Ohio 1/0 model annually in conjunction
with the yearly updating of the OEM would be most appropriate for producing
consistently reliable forecasts.

It should be noted that the employment projections of this model will be
eventual ly compared with forecasts of employment from the OEM to provide alternate
estimates of employment by industry. If consistency in the forecasts can be
achieved between the two sets of forecasts, then we can use the more disaggregated
1/0 model to make disaggregated industrial employment projections. These
estimates of employment by industry may be useful when combined with occupation
by industry matrices for transforming the industrial employment projections
into occupational empioyment projections (discussed in the next section). Such
projections are of great value to local manpower planners, vocational guidance
counselors and education planners. Furthermore, this procedure may also be
expanded to cover a sub-state area if the appropriate data are available to
forecast the region's final demand.

The requirements for using an 1/0 model for forecasting total regional
output have been given elsewhere Richardson [17] and will not be considered
here. |t should be mentioned, however, that our procedure for estimating
employment outlines all of the necessary steps for projecting total output.

Our procedure involves making the assumption of a proportionate relationship
between employment and output. The inability to deduce the correct relationship
between industry employment and industry output will, of course, limit the
usefulness of this model in forecasting industry employment. It is possible
that the relationship can be more accurately estimated by regression techniques
which adequately estimate the relationship between employment and output.

Such a relation would involve testing other functional specifications than the
one of strict proportionality, and would incorporate additional explanatory

variables.
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TABLE 4: Estimates of Ohio Employment by Major Sector

(Thousands of Workers)

Year

1965
1966
1967
1968
1969
1970
1971

1965
1966
1967
1968
1969
1970
1971

1965
1966
1967

1968

1969
1970
1971

Agriculture, Mining
and Transportation

Construction

Estimated Actual % Error Estimated Actual % Error
309.0 354.7 - 12.88 187.0 186.1 + .
322.6 348.3 - 7.38 203.6 198.1 + 2.
322.0 347.6 - 7.36 195.3 201.2 - 2.
344.3 352.8 - 2.4 212.6 215.0 - 1.
346.9 354.2 - 2.06 220.1 226.0 - 2.
355.5 355.6 - .03 204.5 204.6 - .
365.4 354.0 + 3.22 195.8 195.6 +

. Wholesale and

Manufacturing Retail Trade
1411.6 1360.6 + 3.75 667.3 654.9 + 1
1392.8 1440.9 - 3.34 701.6 683.0 + 2
1356.9 1438.4 - 5.67 711.2 705.6 + 0.
1460.4 1471.3 - 7.h0 750.6 735.6 + 2.
1369.6 1509.4 - 9.26 771.0 763.0 + 0.
1447.6 1447.9 - .02 781.8 781.9 - 0.
1493.8 1370.6 + 8.99 794.1 791.3 + 0.
Finance, Insurance, Services and
Real Estate Miscellaneous

144.0 134.2 + 7.30 848.1 725.2 +
149.3 137.2 + 8.82 883.3 652.3 +
153.8 143.1 + 7.48 871.5 812.4 +
159.2 149.3 + 6.63 907.8 855.7 +
158.9 154.5 + 2.85 918.2 898.8 +
161.6 161.6 0.00 9k1.3 941.6 -
165.7 165.6 + 0. 953.9 972.3 -

12
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Because of the importance of the indirect employment creating effects
of industrial expansion, it is useful to calculate employment muitipliers
for each industry. These multipliers reflect the ratio of direct and indirect
employment to direct employment requirements from all sectors associated with
an industry providing one additional unit of output to final demand.” Thus a
greater employment multiplier associated with industry i as compared to industry
j implies that the indirect employment, when compared with direct employment
generated by industry i, is greater than industry j.

h

Industry i's employment multiplier is calculated by summing the jt column

of the matrix LB and dividing the resulting total by 2j. Thus

Employment multiplier = sj/zj
\

n
I %: b

her P o=
where BJ ST

Converting Projected Employment by fndustry into Employment by Occupation

The above modei projects employment by industry for the private sector.
Forecasts of employment in the public sector can be given by the econometric
model or ad hoc procedures. Using census data, the public sector employment
can be distributed across industries by functional categories. The purpose
of this distribution is to obtain forecasts of employment by industry which
are consistent with the new SIC industrial classification system as discussed
in Appendix !}, and also with the occupation by industry matrices available
from the Bureau of Labor Statistics [22]. Combining the forecasts of
employment by industry with the occupation by industry matrix permits the
forecasting of employment requirements by occupation for the region. Such
estimates are useful for regional manpower planners attempting to allocate
scarce funds among alternative educational programs as well as providing
information for vocational decisions to new entrants into the region's work
force.

Briefly, the procedure is to compute the region's occupation by industry
matrix from the most recent census data and to modify the cells for the
projected year by using estimates of the Bureau of Labor Statistics of the
changes in the corresponding cells of the national occupation by industry
matrix [23]. The resulting occupation by industry matrix for the projected
year t is Nt = (n%-) (i=1,...,m, j =1,...,r) where n%- represents the
proportion of occupation i in industry j's work force in"year t. This matrix

Nt is then post multiplied by the m x 1 vector of projected employment by
industry, st, to arrive at an m x 1 vector of projected employment by occupation

R *t
in year t, € .

Symbolically, the operation is as follows:

71



where

-
t t
) LIPERRL
Nt= . . .
t "t t
e fn2  N&.
rt t
& €
et = . and et = )
e; e;t

Conclusion

In this paper we have conjoined a theory of production and a theory of
aggregate demand in the form of an integrated Ohio /0 econometric model.
The end result-of -this effort was to estimate employment by industry, using
the OEM to .''drive" the final demand sector of the [/0 model. While this
was done at a highly aggregative level, it was pointed out how a disaggregated
77 sector Ohio 1/0 model could be used with a more aggregative econometric
model. Finally, a procedure was outlined for converting employment estimates
into employment by occupation.

An exercise of this kind is the natural -outgrowth of the development of
different types of empirical macroeconomic models which must ultimately relate
to one another In acknowledging the interdependence of economic behavior. In
forcing this issue at the regional level we hope to stimulate discussion,
interest and research in balancing the efforts poured into building 1/0 models
with the growing activity in regional econometric model building.
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APPENDIX 11. A Note on Input-Output {1/0) Industrial Classifications as
Formulated by the Bureau of Economic Analysis (BEA) U. S.
Department of Commerce

This note is intended to clarify some problems in the classification
description given by Rodgers [18] for identifying the content of selected
1/0 sectors and comparing them with other classification systems. The
sector descriptions relating 1/0 industry numbers and SIC codes are given
in Rodgers in Table A-1 and relate to the 1957 SiC classification system.
This system has been changed in the latest (1972) SIC manual [3] so that
"all establishments primarily engaged in the same type of economic activity
are classified in the same four-digit industry regardless of their types
of ownership" [3, p. 11]. Thus the government establishments are classified
by their primary economic activity, rather than by the type of owner. For
example, a public high school teacher is classified in SIC 82 (education)
and not in SIC 92 (government) as before.

The descriptions given by Rodgers for 1/0-77, 78, 79 and 84 indicate

that the bulk of government sector employment and income occurs in 1/0-84,
although the description for 1/0~77, "medical, educational services, and
nonprofit organizations,” when viewed without the description of 1/0-84,
government industry,” may be interpreted to include income and emplioyment
generated from government medical and educational activities. To enable a
clearer understanding of the content of these sectors we give descriptions,
as given by Rodgers, for 1/0-77, 78, 79 and 8k.

1/0-77 Medical, Educational Services and Nonprofit Organizations:
This industry is defined on a modified activity basis and includes the
total value of the covered services wherever they occur...' [3, p. 88].

1/0-78 Federal Government Enterprises: ''This industry covers the
activities of those Federal Government agencies, with separate accounting
records, that cover over one-half of their current operating costs by the
sale of goods and services to the general public.

Output of Federal enterprises that are comparable to those of private
establishments are transferred to the appropriate private industries for
distribution. Outputs for which there are no private counterparts are
distributed directly to consuming industries' [3, p. 91].

[/0-79 State and Local Government Enterprises: ''This industry covers
the activities of the state and local government agencies, with separate
accounting records, that cover over one-half of their current operating
costs by the sale of goods and services to the general public. State and
local government enterprises include: (1) gas and electric utilities;

(2) water supply facilities; (3) transit facilities; (4) liquor stores;

(5) water transportation and terminals; (6) air transportation facilities;
(7) highway toll facilities, and such activities as (8) sewers and sewage
disposal; (9) low-cost housing and urban renewal; and (10) some miscellaneous
activities such as off street parking and city markets. The outputs of most
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state and local government enterprises are transferred to private industries
in which the comparable activity is performed. Outputs for which there are
no private counterparts were distributed directly to consuming industries'
[3, pp. 92, 93].
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