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INTRODUCTION

The purpose of this paper is to present a methodology for the construc
tion of income activity indexes on a regional economy. The viewpoint taken
is that the essential characteristics presently utilized in the literature
in the construction of existing indexes are measurement without theory.^This
technique of construction will provide a test of regional base theory in
terms of output activity indexes.

Activity indexes are composed to interpret the weighted impact resulting
from fluctuations in production sectors of relative importance to the region.
The weighting and summation cancels positive and negative effects so that a
net indication is received as to whether the region under question has im
proved or fallen from some previous level of performance. The index then
serves as a guage for the total economy reflecting weighted growth, consis
tency, or stagnation of divers production sectors.

An argument can be presented that an activity index is redundant since
Business Week^ and Survey of Current Business^ publish periodic personal in
come estimates. Additionally, several states possess econometric models to
predict levels of performance for the economy. Two points can be offered as
a counter-argument. First, the activity index does not measure similar var
iables as the income estimates or econometric regression estimates. The
purpose of the index is to gauge the weighted impact of diverse production
fluctuations. This concept includes the multiplier effect. The personal
income or gross state product estimates are cross-sectional views at a point
in time of the impact the index is measuring. Secondly, using the survivor's
technique, there appears to be a need for the index. Activity indexes at
the national and regional levels have existed together with GNP accounts for
a number of years. One has not canceled the other.

There are three problems which arise in the construction of this index.
The first concerns the selection of the basket of sectors since not all pro
duction categories can be included. Those chosen must be representative of
the output movements of the total region. The existing literature reveals
that this selection is often an a priori judgment sample. Adelman*^ contends
that this procedure can cause sampling error to create a variance between
two similar indexes constructed for the same region.

Ihe second problem involves the determination of the weights assigned
to each sector that enters the index. The literature shows that a wide range
of weights are used including value added, ̂ psrcent of participation income,
subjective decisions, and no weight at all.

The third problem concerns the choice of a periodic measureable series
to approximate the production of each sector definition. If the sector cho
sen exists empirically as defined, no problem arises. Proxies such as pay
rolls, crude oil runs, life insurance sales, sales taxes, and employment to
tals have been substituted for production totals of categories which exist
by definition only.

The techniques presented here have several unique festures in contrast
to the existing methods of construction cited in the literature. First, two
activity Laspeyres indexes are constructed as opposed to the usual one index
number theory. One index measures the most volatile or leading output in
dicators of the region, called the basic sectors. The other measures the
coincidental or status quo output indicators, called the nonbasic sector.
These two together provide an empirical test of export base theory for the
region thus creating a theoretical environment for their existence. Leads
and lags and the base ratio between the two were estimated.

Second, a regional input-output table was used for the selection of the
basket of sectors. This tool has not been utilized for this purpose at the
regional level. Therefore, it presents a substantial improvement in the con-
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stant search for objective defendable criteria to be applied in the selec
tion of sectors most representative of output activity.

Third,the weights assigned to each series were determined from a simul
taneous equation solution constructed from the multipliers taken from a re
gional input-output table. They are interpreted as representative multi
pliers of any fluctuations in the output sectors. Considered together, these
three points provide a solution to the first two problems of construction.

INDEX WEIGHTS

The weighting procedure dictated the number of sectors and their numer
ical weights for the Laspeyres indexes of the form.

where qo = base output weight

Po ss base output dollar value

Pi = current output dollar value

Consider a set of simultaneous equations that describe the various con
clusions derived from all input-output matrices in a usual, typical inter
industry study. These equations may be written in the following from for a
33 X 33 processing sector:

Vi " V2 ̂ *'33^33

''9 ~ ^1*1 ^2*2 * ^33*33

The first equation represents the total direct income effect. Each x.
refers to a specific sector in the processing matrix. Each coefficient, a^,
stands for the direct income effect in that respective sector. The value of
y represents the total direct income effect shown in the economy or the sum
of all thirty-three a's. Since y is the summation of the a's, the value for
each Xj in the first equation must equal one. This latter point is consis
tent with the interpretation given to the direct income multiplier.

The second equation represents the total indirect income effect. Each
xi refers again to a specific sector in the processing sector. Each coeffi
cient, stands for the indirect effect in that respective sector. The
value for y represents the total indirect effect shown in the economy or the
sum of all thirty-three b's. The value for each x- would again be equal to
one.

The other seven equations represent respectively: the direct and in
direct multipliers; induced multipliers; direct, indirect, and induced mul
tipliers; type one multipliers; type two multipliers; first type sector mul
tipliers; and the second type of sector multipliers. Each x^^ refers to a
particular production sector in the processing matrix. Each coefficient re
presents the respective multiplier for that sector. Every y stands for the
sum of the coefficients in the equation. Each x, then in each equation
equals one.

The set of nine equations does nothing more than express the nine meth
ods used to view changes in income or output from an input-output table.
Each coefficient is consistent with the classical interpretation given to
that specific multiplier. Each partial derivative with respect to eaqh sec
tor becomes the respective multiplier from the input-output table.

The maximum number of independent equations from the set of nine ap
pears to be five. These five represent, then, only the five multiplier con
cepts which are primary conclusions from the interpretation of the value



added sector and the inverse matrices. They are the equations for direct
income; direct and indirect income; direct, indirect, and induced income;
sector output multiplier of the first type; and the sector output multiplier
of the second type.

To have a solution to thesf five equations that is unique, the system
must be consistent and the determinant not equal to zero. Therefore, the
number of equations and unknowns was reduced to the following form. Each
equation represents one of the multiplier concepts described above:

yj = ajXj + ^ 83X3 + a^x^ + a^x^

^3 = " '=2''2 " <=3^3 " <=4''4 "

74 = d^x^ . d^x^ + djXj . d4X4 . dgXj

Note that the values for x in the solution will no longer be equal to
one. Solving this set of equations will give a value for each processing
sector (xj . . . x^) which corresponds to its relative weighted effect upon
income or output. Each multiplier or coefficient has served as a measure
ment of impact upon income in determing the final solution.

Therefore, this paper proposes that the maximum number of five linear
independent equations or views upon changes in income dictates that only
five processing sectors be utilized. The solution of these five equations
simultaneously provides a weight for each series. This solution or weight
for a particular processing sector becomes its weight in the final composite
activity index.^

Earlier it was stated that two composite indexes for output will be
formulated. One will represent the coincidental sectors. Therefore, the
weighting system dictates that a maximum of five sectors be selected for
each index.

It also dictates that five weights must be derived for the leader and
five weights for the coincidental. Those five sectors selected as leaders
are written into the identical form of the preceding five equations and set
equal to the y's (yj . . . ys). A simultaneous solution is derived. One
set of five corresponds to the five sectors already designated as leaders,
and one set of five corresponds to those already designated as coincidentals.

BASIC SECTORS AND THEIR WEIGHTS

The five industrial categories chosen are those that provide the
largest absolute totals of sales to Exports and the Federal Government. To
determine these five leader sectors for the State of Missouri, the two col
umns of Exports and Sales to the Federal Government in the final demand sec
tor of the State Input-Output Table^ were summed. The five largest abso
lute totals were chosen. Table 1 shows these sectors and their rank. The

relative importance of each category with respect to total output of that
sector and with respect to sales within the state is also shown.

Transportation Equipment (TE) ranked first by a large margin over
Wholesale Trade Services (WTS), ranked second. Total sales outside the state
by TE accounts for 82.5% of the total output as compared to 63.2% for WTS.
Chemicals (Ch) ranks third with almost three-fourths of its output being
sold to exogenous sources. Transportation Services (TS) ranks fourth and
Other Food Products (OFF) rands fifth, selling 41.9% and 58,4%,respectively,

•to sources outside the state.

Weights for the Leader Output Index

Once five industrial sectors have been chosen to be included within the

leader composite index, the weights assigned to each sector can be determin
ed. Each weight is derived from the solution to a set of five linearly in
dependent equations.



TOTAL OF EXPORTS AND SALES TO THE FEDERAL

GOVERNMENT BY SECTOR

Input- Exports and Rank of
Output Sales to the Exports and Exports and
Table Fed. Gov't Sales to Sales as % of

Number (000's) Fed. Gov't TP of sector

Exports and
Sales as %

of sales

within state

by sector

Transportation
Equipment (TE)

Wholesale Trade

Services (WTS)

Chemicals (Ch)

Transportation
Services (TS)

Other Food

Products (OFP)

$2,519,125

842,356

579,529

571,750

476,378

Source: Addition of columns 39 and 40 in Table I of Floyd Harmston, Missouri Economy Study: An Inter-
sectoral Analysis of the Missouri Economy (Columbia: University of Missouri School of Business
Research Center, 1968), p. 6.



The equations are expressed in the following form:

11.3121 = .1694TE + .4817WTS + .2391Ch

+  .3949TS + .23560FP

49.7323 = 1.1191TE + 1.2694WTS + 1.3247Ch

+ 1.3196TS + 1.59280FP

80.4185 = 1.4647TE + 2.2891KTS + 1.9034Ch

+ 2.1650TS + 2.30300FP

49.7921 e 1.0365TE + 1.4093Vn'S + 1.2663Ch

+ 1.4750TS + 1.16230FP

101.2976 = 1.4564TE + 2.0507WTS + 1.7553Ch

+ 2.8323TS + 2.48660FP

The first equation represents the direct income change (multiplier).
Each coefficient for each of the five sectors was found by dividing total
purchases from the Household sector by total purchases of that sector. The
amount, 11.3121, represents the sum of all coefficients for all 34 sectors
in the processing matrix.

The second equation represents the direct and indirect income change
(multiplier). Each coefficient fs the multiplier for that respective sector.
The total, 49.7323, is the summ of all coefficients for the 34 sectors. The
solution to this set of five equations is shown in Table 2.

WEIGHTS FOR THE COMPOSITE INDEXES

Output-Leader Output-Coincidental

TE = - 51.18582153 RTS = -127.24186707

WTS = - 16.24691772 5.85124207

Ch = 51.35717773 FI = 76.44947815

TS = 33.61018372 C = - 14.94961548

OFP = 9.57964134 PHK = 82.23959351

Source: Derived from data constructed by the author.



NONBASIC SECTORS AND THEIR WEIGHTS

Coincidental sectors are defined as those industrial categories which
illustrate the'largest absolute totals of Sales Within the State (SWS). SWS
is defined as total output of sector i minus the sum of Exports and Sales to
the Federal Government of sector i.

To find these five coincidental sectors as described by the weighting
system, SWS was calculated for every industrial sector in the Missouri In
put-Output Table. Table 3. illustrates the five largest absolute values.

Retail Trade Services (RTS) ranks first with 91,7 percent of this cat
egory's total output selling within the state. Real Estate and Rentals (RER)
ranks second showing a larger 93.2 percent of output sales within Missouri.
Finance and Insurance (FI) is third in absolute total of SWS but is the low
est percentage of SWS to total output with 72.3. Construction (C) ranks
fourth in SWS and shows a percentage of 91,4. Professional, Health, and Kin
dred (PHK) ranks fifth in SWS and shows a percentage of 87.8.

Weights for the Nonbasic Sector

In a similar manner as the leader index, the weights for the coinciden
tal sectors need to be derived once and nonbasic industries have been iden

tified. The five equations used are:

11.3121 « .5061RTS + .4978RER + .2233FI

49.7323 » 1.2201RTS + 1.26S8RER + 1.4885FI

+ 1.5474C + 1.3000PHK

80.4185 = 1.1521RTS + 1.4396RER + 1.6020FI

+ 1.4839C + 1.0661PHK

101.2976 = 4.1943RTS + 4.5782RER + 3.6566FI

+ 2.4914C + 4.4492PHK

The coefficients in these equations have similar interpretations as
those used to derive the weights for the leader index. The first equation
represents the direct income change. Each coefficient is the multiplier for
that sector. The figure, 11.3121, is the sum of the 34 sectors in the pro
cessing matrix.

The other four equations represent: the direct and indirect income
change; the direct, indirect, and induced income change; the type I sector
output multiplier; and the type II sector output multiplier, respectively.
Each coefficient is the multiplier for that sector. Each sum to the left of
the equal sign is the sum of all sectors included within the processing ma
trix. The solution to this set is shown in Table 2.

CURRENT DATA

The weighting system for the two indexes has derived two sets of weights
in terms of dollars. Inclusion of total output of each sector per quarter
into the index for p^ would give a weighted value for total output, once
multiplied by each sector's weight.

Since total production and sales tax collections per sector do not ex
ist, the next proxy for total output would be payrolls. Therefore, payroll
data were gathered corresponding to the ten series in the leader and coinci
dental output indexes from the first quarter of 1960 to the first quarter of
1971.9 Forty-five observations were considered a time period of sufficient
duration to test and examine the methodology proposed here.

The two output indexes were constructed once using only payrolls for
workers covered by employncnt security. The coincidental index was con
structed a second time utilizing payroll data and two other output proxies—



SALES WITHIN THE STATE BY SECTOR

Input-
Output Rank of Total Sales
Table Sales Within Within State

Number the State (000's)

Exports and
Sales to

Fed. Gov't

as a % of

Sales Within

the State

Sales Within

State as

a % of TP

Retail Trade

Services (RTS) $2,135,206

Real Estate &

Rentals (RER) 1,861,997

Finance § Insurance

(FI) 1,153,672

Construction (C) 964,522

Professional Health

& Kindred (PHK) 776,393

Source: All figures taken from Table 7 of Floyd Harmston, Missouri Economy Study: An Intersectoral
Analysis of the Missouri Economy (Columbia: University of Missouri School of Business
Research Center, 1968), p. 6-7.



retail sales and the value of construction permits. Total retail sales for
the state were used instead of payrolls as an approximation for the output
level of Retail Trade Services, and the value of construction permits for
the state was used instead of payrolls as an approximation for the output
level of Construction. The coincidental index using all payrolls and the
one utilizing retail sales and construction values in addition to payrolls
were compared.

Smoothing and Deflation of Data

The only editing procedures performed on the raw data were the use of a
price deflator and experimentation with smoothing using moving averages over
varying quarters. A definite attempt was made to leave the data in their
original form.

All payroll data, and retail sales and value of construction permits
where used, were deflated by the national Consumer Price Index (CPl) with a
base of 1967. Raw figures for a specific quarter were deflated by an average
CPI for the three months composing that quarter.

The deflated data were subjected to a moving average varying from one
to twelve quarters. Moving quarters for an even number of quarters were
centered.

The base value used in all indexes was July, 1967. This period was
chosen to correspond with the base of the CPl and latest revisions of bases
at the federal level.

LEADS-LAGS AND THE PROPORTION OF THE BASIC

TO THE NONBASIC SECTOR

An estimate of time in leads and lags and magnitude of size between the
basic and nonbasic sectors were calculated. Following an approach presented
by Fishman,-^^ consider two strictly stationary sequences, x and y. The means

E(X,) = U^, ECY^j = u

with autocovariance functions

•^x,L = - "x^ (\rL - "x^l

^,L = E[(^t - V t^.L -
and covariance function

V,L= - "x5 CY^.l - "x^l
with the crosscorrelation function

p  = R ,/(R R )
xy,L xy,L' ̂ x,o y,o^

The crosscorrelation function will calculate the amount of linear correla

tion between X and Y for varying time lags. The value of L which causes rho
to assume its maximum identifies the time lag with the greatest amount of
correlation between X and Y. A positive value is interpreted as a net in
fluence from X to Y. A negative value indicates a net influence in the op
posite direction.

This model was applied to the leader and coincidental indexes for all
moving averages. The leader output index was considered as a stimulus to
each of the coincidental indexes. Table 4. shows the maximum values of rho.

The period and the time lead in quarters which produced the maximum are
listed.

The maximum crosscorrelation or rho value occurred between the leader

output index and the coincidental output constructed around payrolls. A
moving average including five periods were necessary to achieve this value.



LEAD ESTIMATES OF THE LEADER INDEX UPON THE COINCIDENTAL

INDEXES AND THE IMPACT OF THEIR FLUCTUATIONS

Coincidental Output
Index with Retail

Sales and Value

of Construction

Permits

Coincidental Output
Index with Payrolls

Leader Output
Index

p- = + .906 fi = + .927

Lagged 1 Quarter Lagged 5 Quarters

X  =1.040 X  =1.275

<r = .001354 <r = .1238

Note: The terra "lagged" refers to the number of quarters the coincidental index fell behind the leader
index in order to achieve the maximum value of rho.



The coincidental lagged the leader by five quarters. The stimulus-response
was faster with a coincidental index constructed from payrolls than one con
structed with payrolls and retail sales plus the value of construction per
mits .

Figure 1. illustrates the trend for all three indexes constructed with
a filter of five periods. The leader index increased from the early 1960's
to a peak in mid-1967. A decline is evident from that peak to 1971. The
coincidental index gradually increased throughout the complete time period.
A reduced growth pattern is noticeable, however, initiating with the second
to third quarter of 1968.

The coincidental output index including retail sales and the value of
construction permits fluctuated to a peak in mid-1966. A very gradual de
cline is evident from that peak in 1971.

The value of x is the mean of all coincidental/leader ratios for the
period in which the maximum rho occurs. The term is the variance for this
mean. A one unit fluctuation in the leader output will cause a 1.275 change
with retail sales and construction permits. The smaller variance of the
latter means that the precision of the mean is higher.

CONCLUSIONS

The first and most important conclusion is the presentation of a theo
retical basis encompassing the construction of activity indexes. This pro
cedure utilized traditional tools of input-output, a Laspeyres index, and
base theory. The development of two indexes as opposed to one allows an es
timate of the stimulus-response between the basic and non-basic sectors.
Five periods and a lag of five quarters was necessary to acheive the maximum
crosscorrelation. The base ratio may also be calculated by this dicotomy.
The ratio of 1.275 was found to exist at the point the rho value achieved
its maximum.
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