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ABSTRACT

A regional forecast system for employment, earnings, income and
population is presented in this report. Employment is related to
earnings 1in a 25-industry breakdown of the economy and total employ-~
ment is related for Minnesota and its 13 Substate development regions
in the forecast system. The regional economic forecasts are presented

in Part II of this report.
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SUMMARY AND CONCLUSIONS

An economic forecast system for deriving state and substate
regional forecasts is presented in this report. This system makes use
of the 1972 OBERS-E projections prepared by the former Office of Busi-
ness Economics in the U.S. Department of Commerce for the U.S. Water Re-
sources Council. The OBERS earnings and income projections were used in
the building of a baseline series of substate employment forecasts for
calibrating the forecast system.

This system is based on a shift-and-share model of the form,

O RRTm,
Fiemp! = (l+r ) emp

or, emp @ + A + B + CH

1
i(1 ) + e, (- lqi) ] enp,,

where, for example, the forecast employment for the i-th industry, empi,
is equal to the current employment, emp times an employment multiplier
(1+ri), with r, being the rate of change in the current year employment.
The rate of change coefficient, in turn, is the sum of the three shift-
and-share coefficients -- the natiomnal-growth coefficient, A, the indus-
try-mix coefficient, Bi’ and the two regional-share coefficients, CHi
and CDi'

Modified and expanded regional-share components of the shift-and-
share forecast method were developed to facilitate the preparation of
small-area employment and income forecasts., The regional-share compon-
ent was, first, partitioned into a homothetic effect and a differential
effect, with the homothetic effect representing the local consumption im-
pact on a particular industry employment and earnings levels and the dif-

ferential effect representing the external, or export-market, impact on

the same employment and earnings.
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REGLONAL ECONOMIC FORECASTS FOR WATER AND LAND
RESOURCES PLANNING. 1. FORECAST SYSTRMl/

Wilbur R. Maki-%/

Forecasts of regional employment, income and population are prepared

for a variety of public and private purposes. State planning agencies,
for example, May have certain responsibilities in the review of state and
local capital improvements programs. With increasingly severe limitations
on the availability and use of public funds for construction of new
facilities, reliable forecasts and forecasting methods are sought by

local and state agencies in efforts to better anticipate needs and estab-
lish priorities for new public facilities., Private organizations, also,
seek the same information as a basis for private investment decisions,
particularly in areas of rapid population growth and change.

Most economic forecasts for investment planning pertain to the long-
run, oftentimes a 10 to 25-year period (e.g., see ref, 27).2/ In this
report, the long-run (more than five year) outlook is represented by
projections of emplqyment, income and population. The short-run (less
than five year) outlook is represented by predictions of employment, in-
come and population. Predictions oftentimes deal with prices and income in

current dollars while projections deal with both in constant dollars and

emphasize, instead changes in real values of income and output.

1/

- This 4is the fifth in a series of reports on regional forecasting,
the first being the Interim Report on Forecast Methods prepared
for the Minnesota Energy Agency, October, 1978. Two of the earlier
reports were published in the University of Minnesota, Department of
Agricultural and Applied Economics, Staff Paper Series.

The author gratefully acknowledges the contributions of Mason Chen
and Pornsak Chitphakdithai in the preparation of the computer pro-
grams ‘and data series cited and/or used in this report.

References are listed alphabetically on page 32.



Data Users and Sources

The immediate users of the forecasts and forecasting methods delin-
eated and proposed in this report are the state and local government
agencies involved in water and related land resources planning in Minnesota.
The planning period is from the present to the year 2000, For some pur-
poses, however, a 50-year planning period -- from 1970 to 2020 -~ is used,.

The availability of two types of economic and social statistics are
implied in the use of different planning periods. In the preparation of
the projection series to the year 2000, the historical data base includes
annual statistical series. These data series are prepared in the U.S.
‘Department of Commerce by the Bureau of the Census and the Bureau of
Economic Analysis (see, ref. 20, 21, 26). The U.S. Bureau of the Census,
in cooperation with the designated state planning agency in each state,
is responsible for the preparation of the annual population series, This
series is required in the administration of general revenue-sharing pro-
grams. The Bureau of Economic Analysis, on the other hand, maintains the
annual employment and income series as part of its Regional Economic In-
formation System (REIS). Both data sources are used in the preparation
of the annual projection series starting from the 1977 base year.

The U.S. Census of Population (for the 1940, 1950, 1960 and 1970
census years) is another source of the employment and population statis-
tics used in the preparation of the projection series for the 1970-2020
period (24, 25). Employment statistics provide detailed industry employ-
ment estimates by county of residence (rather than the county of employ-
ment). Thus, the employment estimates are directly comparable with the
population estimates, which, also, are reported by county of residence.

The two types of statistics are needed in the preparation of the in-

come projections, also. The earnings component of personal income is



derived from payroll data by place of work. A residence adjustment con-
verts the place~of-work serles to a place~of-residence series, Property
income and transfer payments are reported by place of residence. Thus,
total personal income is estimated by place of residence.

The area projection series prepared by the Office of Business Eco-
nomics, U.S. Department of Commerce, for the Water Resources Council (the
so—-called OBERS projections) provide a baseline series for comparing the
state and sub-state projection series prepared from the 10-year and
annual estimates of employment, income and population (27). This projec-~
tion series is reported by multi-county economic area and a breakdown
of the multi-county water resources region (which shows a separate éeries
for each Standard Metropolitan Statistical Area in the water resources
region).

In this study, three different multi-county data groupings were
identified, namely, the water resources subarea, the metropolitan-centered
economic area, and the substate development region (Figure 1.1). Only
the substate development region, however, is used extensively in report-

ing the study findings.

Water Resources Subareas

The 1972 OBERS Projections are reported for each water resources
subarea. For those subareas which include a Standard Metropolitan Statis-
tical Area (SMSA), the metropolitan and non-metropolitan portions are re-
ported separately. Four SMSA's were listed for Minnesota in 1972, namely,
the : filve-county Minneapolis~St, Paul Area, the two-county Duluth-Superior
Area, the two-county Fargo-Moorhead Area and the one-county Rochester
Area. The eight water resources subareas In Minnesota are delineated in

Figure 1.1,
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Water Resources Subareas, BEA Economic Areas, Developwent

Regions and Standard Metropolitan Statistical Areas in
Minnesota, 1975.
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To voughly compare the level of economic activity in each water
resources subarea, estimated and projected total population levels from
the OBERS-E and new baseline series are summarized for each of the eight
subareas (which have one or more counties included within the Minnesota
state boundaries) in Table 1.1. The annual rates of change in total
population are summarized, also, for the 30-year perviod from 1970 to 2000
for each of these subareas.

Both the OBERS-E and new baseline population projections show widely
varying levels and rates of change in total population, with the largest
change projected for the Mississippi Headwaters subarea. Differences
among regions in the pattern of change during the 30-year period aré
smaller in the OBERS~E than in the new baseline projectionu.ﬁ/ All re-
glons are projected to decline from their earlier growth rates in both

projection series,

Economic Arcas

Each of the 173 Bureau of Lconomic Analysis (BEA) Economic Areas
is identified by its SMSA or designated central city of non-metropolitan
status. Seven of these areas have one or meore counties lying in Minne-
sota.

Projected population trends in the seven Economic Areas in Minnesota
show contrasting patterns of population growth.§/ Generally, the area~

to-area variability is greater for the economic areas than the water

4 , , e

4/ The new baseline series were prepared by the Upper Mississippi
River Basin Commission from the current state population projec~
tions of the State Demographer.

5/

= Economic area tabulations are not included in this report, They
may be obtained from this department by request.
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resources planning regions and subregions, However, each economic area
includes both rapidly-~growing and slowly-growing counties, with the metro-
politan areas generally growing more rapidly than the non-metropolitan
areas,

Because of the disregard of state boundaries in the delineation of
economic areas, and the lack of a public planning unit with the BEA
Economic Area as its territory, use of the economic area is infrequent in
state and local government studies, Disregard of state boundaries
becomes a major limitation in extensive use of the economic area delinea-

tion in state and substate water and land resources planning.

Substate Development Region

The substate development reglon differs from the preceding regional
delineations in two important aspects: this region conforms with state
boundaries and its also involves local governments in its organization and
policy. Hence, the economic forecasts and related database prepared for
the substate development region are more directly related to substate
decision making than the corresponding information based on either the
Water Resources Subarea or the BEA Economic Area,

Summary data for 13 substate development regions in Minnesota show
wide differences in the level of, and rates of growth in, total population
in both the OBERS-E and the new baseline projections (Table 1.2). These
differences are assoclated with a vastly different economic base in the
slow~growing as compared with the fast-growing region. Strongly agricul-
tural and mining regions (Minnesota regions 1, 2, 3 and 4), for example,
are slow-growing as compared with strongly manufacturing, trade, and
service regions (Minnesota regions 10 and 11), which are fast-growing.

The region-to-region comparison of prdjected population show widely
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varying patterns of economic growth and decline, especially in the OBERS-E
baseline series. The wide variations in projected growth result in part
from the contrasting patterns of economic opportunity in employment,
social services and amenities. The reduced spread in population growth
rates in the New Baseline Series is due to the perceived improvements in

the quality of life in formerly declining regions.

Study Purposes and Plan

The primary purpose of this study was to develop alternate series
of employment forecasts for Minnesota and its substate regions and to
provide a forecast data base and a forecast method for reproducing the
regional forecast series. This objective stemmed from the expressed need
for a readily available and quickly updated economic forecast series for
Minnesota substate regions.

The study purposes are pursued, in part, in the following two chap-
ters of this report. First, data sources, analytical framework, model
implementation and forecast validation are discussed with reference to
the development and use of a modified shift-~and-share model. The integra-
tion of this model into a regional economic forecasting system is explained
in the second of the two chapters. Industry employment is related to the
total earnings of the employed labor force in each industry and the total
employment is related to total population. The total earnings, together
with property income and transfer payments,make up the total personal in-
come payments of the total resident population.

In Part Il of this report, a baseline forecast series is presented for
later use in calibrating the modified shift-and-share model. Included in
this series are State and substate regional projections of the employed

work force and its total earnings which are based on current population
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projections prepared by the Office of State Demggrapher. Alternate economic
projections prepared by the regional forecasting system (which includes

the modified shift-and-share model) are presented. Finally, implications
of the economic forecast for water and land resources planning in Minnesota

are considered in Part II of this report,

The shift-and-share method was used in this study to prepare the

regional employment forecasts from the 1972 OBERS projections of earnings,

income, employment and pOpulation.éj This forecast method is widely used

In the shift-and-share forecast method, total change in employment is
partitioned into the three effects for each of the 25 industry groups

in the form,

emp, = (1 + A+ Bi + Ci)empi

where,
empi = total employnent in i-th industry in region, year (t+1)
emp. = total employment in i-th industry in region, year (t)

i
Aempi = national-growth effect of i-th industry in region, year

(t) to year (t+l1)

Biemp1 = industry-mix effect of i-th industry in region, year (t)
to year (t+l)

Ciemp = regional-share effect of i-th industry in region, year (t)
to year (t+l)
The three coefficients are derived as follows:

EMP’

A= !
' ]
p, - B mew
EMPNi EMPN
c, = empi _ EMPi
emp'’ EMP1
where,
EMPi = total earnings in i~th industry in nation, year (t+l)
EMPi = total earnings in i-th industry in nation, year (t)
EMPN' = 1EMP', total employment in all industries in the nation,
year (t+1)
EMPN =  LMP total employment in all industries in the nation,

1 ’
1 year (t)

All'U.S. employment is given; only the forecast industry employment,
emp,, must be derived for each industry and region,
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in water and land resources planning, specifically in the geographical
disaggregation of the sources of employment and income change. In this
study, the shift-and-share method was used, first, to disaggregate the
1972 OBERS earnings projections to the county level and, finally, to
derive the sources of employment change for the new substate regional
series which were compiled from corresponding county-level data.

The county is the primary statistical reporting unit in the study
procedure. All statistical series used in this study are compiled and
reported by county. The individual county series are re-compiled into
various multi-county groupings for analysis and planning.

While the new baseline series is based on a conventional shift;and—
share model, the modified shift-and-share model is used for the alter-
nate development series. The baseline series used in calibrating the new
forecast model is then used to prepare the alternate economic forecast for
the state or individual substate regions.

The modified shift-and-share method represents a new application
of several forecast methods, These include certain economic and demo~
graphic variables and relationships, such as total personal consumption
expenditures per capita, industry gross output per worker, industry lo-
catlon quotients and employment shares, and the annual rate of change in
each of these parameters and, also, total population. Regional variables
are linked, thus, to a wide range of national economic indicators. In
addition, a new series of substate economic economic indicators is pre-

sented as data output of the reglonal forecasting system.
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FORECAST ING MODEL

An economic forecasting model for state and substate planning is
presented in this chapter. The design of an expanded shift-and-share
model is discussed, first, as an introduction to a closer examination of
its implementation and verification. Finally, data sources, analytical
framework, model implementation and forecast validation are discussed
with reference to economic forecast needs in water and related resources

planning in Minnesota.

Data Sources

Two principal data sources are available for each substate region
in Minnesota -- the U.S. Census of Population and the Regional Economic
Information System (REIS). The latter is maintained by the Bureau of
Economic Analysis and the Bureau of the Census in the U.S. Department of
Commerce, Washington, D.C.Z/ These two sources are supplemented by
periodic and occasional reports from the U.S. Department of Commerce and
the Minnesota Department of Employment Security. Various industry classi-
fication lists are used in compiling employment and earnings from the
two data sources. The 25-industry classification system used in this
study differs from other frequently used classification systems in the
level of industry detail and the aggregation of these industry groups as
shown in Table 2.1.

Employment is reported in terms of both persons and jobs. The U.S.

Census of Population reports employed persons by place of residence with

7/

- The REIS data series are acquired on computer tapes directly from
the Bureau of Economic Analysis, U.S. Department of Commerce, Wash-
ington, D.C.



NI I

ooy . i \
IO S I - ! Sl
i .

L) o

REVEEINS TR RN

Goliulndog jo <n=uo )y tg ) v (Saasnpul-gi) Sonaex QHEUO PopUIdNS GU OV OWITL TSGOI ISR 0 St U O
0616 -- 6€ g¢ "id 9% AI2ININ 'GE
€626 AL ge‘ce  gerdpgnid S¥ "1a03 [800] pun JelS  "§Z
051672 *1§ 16 "3d LE‘FE  cgydpgyd 274 1408 *A10 *pag ‘gz
68-0L 68-L8 9€‘cg-0g 12 1d‘0g id ve-0¢€ £y-6¢ S201A438  'ZZ
L9-09 S8 ‘¥8 62 62 8¢ 159 1BaJ ‘°sur ‘‘utg ‘iz
6S-0¢ €8 ‘28 82 ‘LT 8¢2-G¢ LE-¥E apeal ‘02
GEF-FT2E 1F 18-€4 92-0¢ ¥2-0¢ £€-G62 TN frwuwod ftsuedl ‘Gl
‘Qe‘Z8-08°12 TL-89°T¥-LE 81 61 1d %1 61 8Z°LZ'0Z-81 ‘6 “Jyw "OSTY  "8Y
TLEOX2°L¢ L9 ‘99 61 “id 81 92 ‘yaa ‘jow oxa ‘'ba ‘suea] LY
1L8 G9 61 "d L1 ¢z saTjddns ¥ °yaa J0j0lN ‘91
g¢ ¥9-6¢ 81 91 {44 satjddns § -yoews °‘J303|d QI
¢e 8¢-8¥% L1 g1 £e 130913 "IX3 “ydeW ‘I
23 LY-¥E el 91 Pl ¥4 ‘upJoO ¥ Sieldw "axged ‘€l

¢g 158 20 Gl £1 12 *3jw sjejow Laewixg ‘21

x 62 g¢ ‘ce €1 Z1 L1 ‘poad °1oa j Sururgax toxad I
22 Fe-i¢g [ 11 9t *8jw -poad pariie 3 "way)y "ol

L2 0% ‘62 141 01 Gl dutystigqnd ¥ Sunjutad 6

92 8z ‘Le o1 6 v ‘8w © *poad porjie y Joded ‘8

€% Ve 9¢-t¢ 6 8 €121 *djw uany ® "poad soquin

£2 3212 51 "d L 11 *Jjur *poad draqej Jayic x (oaeddy g

22 0T ‘61 61 "yd 9 01 *Fjw cpoad jjrw ajIXay, ‘c

032 LT PT 8 g 8 ‘3ju ‘poad -puty pue poodg ¥

dT-C1 AR 8 L ¥ L uorongisue]y g

F1-01 01-§ 9-¥ € S’y e Suwiiy g

80-LC 10 -1 £-1 A 21 'ysty ‘ta0y ‘tady 1

32 ZL81) 2p0D Laysnpur LIysnpuy Laisnsuy Lxysniput ITL ‘ON

10138 2TJISS21D -G8 -6€ -9¢ -9%
Axysnpul
pagpuelg /T s8utuaed pue juawlojdw iy

uorjeindod pue 2wodul ‘juawilojdwy 12uoidoy J0J uoTledIIisse]) LJisnpu] pIepuelg

‘1] 19pOJN ‘UOISJIaA Orseq :waisdg Jurisedatog

"1°Z_919e L,



14

the major source of earned income being shown by the industry of employ-
ment. The Minnesota Department of Employment Security, on the other hand,
reports the number of jobs, by industry. Employment is reported by

place of work. The number of employed persons is not reported in the
monthly, quarterly and annual employment statistics published by this
agency.

The person-count of industry employment is used in the decenniel
censuses of population. The 1940, 1950, 1960 and 1970 employment series
have been collated in a 36-industry breakdown of total employment by the
U.S; Department of Commerce (24). This series expands the earlier indus-
try employment series prepared by the U.S. Department of Commerce for the
U.S. Water Resources Council (27). It also expands the 28-industry em-
ployment series prepared by the U.S. Office of Business Economics (now
the Bureau of Economic Analysis) in a shift-and~share analysis of county
employment trends for the 1940 to 1960 period (22).

The estimated employed work force presented in this report is based

8/

on the annual REIS series cited earlier.~ This series is comparable
with the U.S. Bureau of Labor Statistics employed work force projections
to 1985 and the income projections prepared for the U.S. Water Resources
Council.

Total earnings are reported for the 25-industry employed work

force in this study. Estimated total earnings for 1970 and 1975 are

obtained annually from the Regional Economic Information System while

8/

Estimated employment refers to reported employment estimates for a
given historical period, such as the calendar years 1940, 1950,
1960 and 1970. Projected employment refers to post-1970 employment
derived as a forecast, i.e., by use of a forecasting method. In
this report, all 1980, 1990 and 2000 state and substate employment
is projected using the shift-and-share method. All data in this
report .are identified as being estimated or projected, with the
data source being identified, also.



projected total earnings are obtained from the 1972 OBERS-E projections.
The total earnings projections are used in this report to derive an
employed work force projection series for the U.5., the State of Minne-
sota and the 13 substate regions, The alternate baseline series cited
earlier is essentially a population-adjusted OBERS-E projection series.
The OBERS-E projections are available for each water resources subarea
and economic area in the United States, including the portion of the
subarea in a single-county or multi-county Standard Metropolitan Statis-

tical Area.

Analytical Framework

An analytical framework for small-area employment forecasting is
presented which builds on several of the forecasting methods
cited in the review of literature. This framework extends the conven-
tional shift-and-share analysis by incorporating the location quotient
and economic base approaches in a new allocation-type employment fore-
casting model. This procedure makes use of U.S5. industry employment
trends and projections. It is supplemented by an "excess'" employment
technique which identifies an "export-producing” and a "residentiary"
component for each industry in terms of its total ewployment.

So~called export-producing employment is engaged in producing goods
and in "excess" of the region's requirements. In this study, "excess"
employment is determined statistically as that employment in a given
industry which is in excess of the national average for rhis industry.
The ratio of total employment to excess employment is a measure of a
region's economic base. The larger the ratio, the larger the total em~

ployment supported by each "export-producing" worker and, also, the larger
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the inter-industry linkages and, hence, the smaller the region's de-
pendency on imports.
The proposed regional economic forecasting model is identical to
the conventional shift-and-share model, except for the reformulation of
the regional-share coetf{licient, Ci’ In the reformulation,
C, = CH, ®* hemp., + CD, * demp, 2.1
i i i i i
CH_i = homothetic regiconal-share coefficient for i-th industry
) in region

differential region-share coefficlent for i-th industry
in region

Co,

i

homothetic component of total i-th industry employment
in region

i

hewp .,
i
dempi = differential component of total I-th industry employ-
ment in region
The homothetic and dilferential components of the regional share
elfect are based on the use of industry share-and-shife coefiiclents as

follows:

CD1 - ISCi ’(l+eipchpcpce)ﬂ+pchpcepi)(1+pchpcpi)(l+pchpop)
(l+pchoutpwi) Isc, -1 (2.2)
CH, = 18c, |S3ESETL oy 2.3
i i | (desc)) i’ 7 (2.3)
. -
where, e, = expenditure elasticity coefficient for personal con-
sumption expenditures on i-th industry output in
region
pchpepee = annual rate of change in per capita personal con~
sumption expenditures for i-th industry output in
region
pchpcepi = annual rate of change in ratio of personal consump~
tion expenditures to personal income in region
pchpcpi = annual rate of change in per capita personal income

in region

annual rate of change in total population in region

it

pchpop
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poutpwi = annual rate of change in i-th industry output per
worker in region
ISCi = U.S. industry shift coefficient, EMPi/EMP1 (i.e.,

ratio of i~th industry employment in forecast year
t+l to i~th industry employment in base year t)

aesc' = area employment share coefficient in forecast year
t+l (i.e., ratio of total area employment in year t+l
to total U.S. employment in year t_l)

iesci = industry employment share in base year t (i.e., ratio
of i~th industry employment in region in base year t
to i-th industry employment in U.S. base year, t)

lqi = industry location quotient in forecast year, t+l

(i.e., aesc'/iesc')
For location quotients less than 1 (i.e., negative values of dempi),,the
differential effect is derived by use of the homothetic regional-share

coefficient, CH in place of the differential homothetic coefficient,

i?
CDi' A negative differential effect denotes lack of industry output to
meet local requirements and, hence, the Region is, in effect, dependent
on imports to satisfy deficit demand. Each parameter series is listed
in Tables 2.2, 2.3 and 2.4.

A special computational procedure is required for the derivation of
the homothetic regional-share coefficient, CHi, for the forecast year,
This procedure makes use of previously forecast values of the regional-
share coefficient. A correction term, Cti’ is introduced into this pro-
cedure for the purpose of accounting for any difference between the re-
gional~share coefficients and the sum of the weighted values of the homothe-
tic and different components of the regional-share coefficient. This dif-

ference is then assigned to one or more of the three rates of change in

homothetic-regional-share coefficient. Thus,

1 1
DIFFi = Ci --[CHi (1‘11) + CDi (1- lqi )] (2.{0)

and,
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ct, =(1% ) pIFF, (2.5)
ISCi

difference between regional-share coefficient and
weighted sum of homothetic regional-share and differen-
tial regional-share coefficients in i-th industry em-
ployment in region

where, DIFFi

C = regional share coefficient derived in conventional
shift-and-share method for i-th industry in region

CH = homothetic component of regional-share coefficient
derived by modified shift-and-share method in i-th
industry in region.

CD = differential component of regional-share coefficient
derived by modified shift-and-share method for i-th
industry in region

ct = correction term for homothetic regional-share coefficient
in i-th industry in region

The correction term thus provides the model operator with a numerical
measure of the "error' due to use of the given rates of change in personal
consumption expenditures and output per worker.

This new formulation of the conventional shift-and-share model
thus introduces several verifiable numerical relationships of economic
significance in understanding regional growth and change. The well-~
known concepts of income elasticity of demand, labor productivity, and
population and income growth affect one part of the regional-share com-
ponent in the shift-and-share model. This is the always positive homo-
thetic regional-share effect which is derived for each industry in each
region. The second component -- the differential regional-share effect --
also is derived for each industry in each region, but this effect may be
positive or negative (or zero, if the industry employment-share coefficient
in the Region is the same as in the Nation).

The new formulation of a shift-and-share forecasting model is an
improvement over the conventional model on empirical and conceptual

grounds. Empirical conformation of period-to-period changes in the
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regional-share effects is readily achieved by the use of the new location
quotient and the industry employment share forecasts for the study area.
The industry employment share coefficient is more stable over time than

the conventional regional-share coefficient and, hence, is more accurately
forecast. The location quotient forecast is readily derived as a ratio

of the industry employment and total regional employment share coeffi-
cients. All other ratios are lagged, one period, or obtained from external
forecasts for the Nation and, hence, pre-determined in the regional fore-
casting equation.

The reformulation of the shift-and-share model 1s conceptually
atractive with its melding of the location quotient, economic base and
shift-and-share approaches. In addition, it provides for a separation
of the influence of the homothetic (i.e., residentiary) and differenital
(i.e., export-producing) components on the total regional-share effect.

If no differential employment were present and if no change occured in

the location quotient, then the regional share effect would equal zero.
With a positive or a negative differential employment, or a change in

the location quotient, the excess employment would show as a measurable
regional-share effect. This effect would be positive only if the location
quotient times the total employment share ratio were greater than 1,

given a lagged industyy employment share ratio equal to, or less than 1,

Model Implementation
Model implementation requires derivation of two sets of coefficients
one shift, to show period-to-period change, and the other share, to show
relative importance of Regilon to Nation. The coefficients are derived
from historical data series and related economic assumptions. The com-

bined set of coefficients is needed in the final forecasting model.
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Deriving Coefficlents

Conventional shift-and-share coefficlents are derived from historical
national and regional data series and projected national data series.
Only the regional-share coefficient is forecast for each industry.

For the 30-year period from 1970 to 2000, the total shift coeffi-

cient (1+A+B +Cj) for Minnesota industries is generally more than ! be-

i
cause of the employment increases -~ estimated and projected (see, Table 2.4).
A shift coefficient of less than 1 is derived only for those industries
with below-average growth in demand and/or above~average growth in output
per worker. Values of each of the three shift coefficients and the

total shift coefficient were derived from the baseline projection sefies
for Minnesota.

The industry-mix coefficient presents the differential growth rate
of each industry in the Nation. An industry with a growth rate greater
than the overall industry employment growth rate (i.e., the national
growth coefficient). 1is an above-average growth industry. It has a
positive industry-mix coefficient. An industry with a growth rate less
than the overall industry employment growth rate is a below-average
growth industry and it has negative industry-mix coefficient.

The regional-share coefficients may be of the same sign as the
industry~share coefficients as a result, partly, of the sprecad effect
of industry-mix and, partly, of the changing competitive positive of
both export-producing and residentiary industries in the Region. A pos-
itive regilonal-share coefficient denotes a geographical concentration of
the industry in the Region while a negative regional-share coefficient
denotes a dispersion of the industry to other regions and/or below-

average local requirements for the industry output.
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The reformulated shift-and-share model partitions the regional-
share coefficient into the coefficients shown earlier in Equations 2.2,
2.3, 2.4, and 2.5. Several of the key coefficients are used in de-
riving the homothetic and differential effects listed in Table 2.5,
Both the U.S. employment-shift and the Regional employment~share coeffi-
cients are shown for five~year forecast periods while the expenditure
elasticity and output per worker coefficients are shown only for the
base year, 1970. Annual rates of change are used with all coefficients,
except expenditure elasticities. The industry employment-share coeffi-
cient (when used to derive excess employment and location quotients)
produce an indirect method of delineating the export-producing industries

in the Region.

Deriving Employment Changes

The second step is the derivation of the shift-and-share effects --
national-growth, industry-mix and regional-share. LEach coefficient is
multiplied by the base-year industry employment to obtain the forecast
target-year effect due to the given source of employment change (Table 2.6).

The regional-share effects, when partitioned into the two components,
show the importance of the State's industry mix in accounting for its
employment growth. The differential employment effects shows the contri-
bution of the difference between the total regional employment and its
homothetic component to the regional-share effect. Thus, the occurrence
of an above-~average employment share for a declining industry or a below-
average employment share for a growing industry is noted and its share
of the regional-share effect is derived for each industry. The homothetic
employment, insofar as it represents the employment in the region based

on the industry mix for the Nation, provides a reference employment distri-
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bution for deriving the specific-industry effects of the region's dif-

ferential employment levels,

Forecast Valildation

Forecast validation procedures used with the shift-and-share models
depend on time series of estimated industry employment (e.g., 1940, 1950, 1960
and 1970 or 1970, 1971, 1973, 1974, 1975). Because of the limited number of
years for which comparable industry employment data are available, the histori-
cal-based validation procedures are less useful now than they will be in later
years.

Two modifications of forecast validation procedures are, namely, the use
of both the 10-year series from 1940 to 1970 and the annual series ffom 1970 to
1975 and the comparison of several forecast series based on alternative sets
of regional-share coefficients., This procedure makes possible immediate vali-
dation of the values used for the critical regional-share coefficients. How-
ever, this requires a "splicing" of the two historical series -- the employed
labor force and the employed work force (9, 13).

The most recent set of U.S. employment projections prepared by the U.S.
Bureau of Labor Statistics include a baseline and a high employment series
(Table 2.7), The two series differ in their assumptions regarding the rate
of unemployment in 1980, 1985 and 1990. The modified OBERS-E projections pre-
sented in this study are generally within the range of the two most recent

projection series for 1980, but below the most projections for 1985 and 1990.
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FORECASTING SYSTEM

The modified shift~and-share model is the central part of the
regional economic forecasting system developed for this study (Figure 3.1).
Earnings, income and population, as well as employment, forecasts are
produced by this system for substate planning regions.

In this chapter, the several system components are presented under
three topical headings, starting with industry employment and extending
to labor force, population, total earnings and income., Place of
work and place of residence differences in the measurement of employment
and income are accounted for in the forecast procedures. Thus, while
the employment forecasts are isually presented by place of work, they
may be presented, also, by place of residence, given the so-called
"residence adjustment" (for commuting). These and other attributes of

the forecasting system are discussed under the three topical headings.

Industry Employment

The forecasting for given industry employment in a region is accom~
plished by the modified shift-and~share model of the form represented in
Chapter 2, Equations 2.1, 2.2 and 2.3. This model 1s a central part of
the forecasting system, which prepares, first, an initial forecast of
industry employment from the input data specified in the three equations.

Each of the three elements in the basic shift-and-share model can
be viewed as additive rates of change in employment in a particular in-
dustry. Variations in industry growth rates are unique to the industry
while variations in regional growth rates are unique to the region,
given the industry mix in the region. The unique regional variations in

employment change patterns are accounted for by the individual change
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components in the regional-share homothetic effect and the regional-
share differential effect. The new shift-and-share model is now repre-

sented by the form,

| 1 1.
| . s - erdb—
emp; = ‘ 1+A+B, + CHi(lqi) + CHi(l 1qi) emp, , (3.1)

where each model element is defined the same as it was in Chapter 2.

Labor Force and Population
Additional forecast system components are represented by the labor
force and population relationships. These relationships are given by

the forms,

ecom' = ecc' * empr' (3.2)
empw' = empr' + ecom’ (3.3
empl' = ewlc' * empw' (3.4)
pop' = epc' * empl’ (3.5)
where, ecom' = total employed work force commuting to place of work

in year (t+l)
ecc' = employed work force commuting ratio in year (t+l)
empr' = total employed work force by place of work in year (t+l)
empw' = total employed work force by place of residence in year (t+l)
empl' = total employed labor force by place of residence in year (t+l)
ewlc' = employed work force to employed labor force ratio in
year (t+l)
pop' = total population by place of residence in year (t+l)
epc' = employed labor force to total population ratio in year
(t+1)

Employment is represented also in total hours worked in each indus-

try by the form,
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houri s hpwci * emp; (3.6)
where, houri = total hours worked annually in i-th industry in year
(t+1)
hpwei = average hours worked annually by employed work force in

i-th industry in year (t+1)
The series of five equations thus convert output of the shift-and-share
model into a set of intervening variables for deriving the total earnings

and the total personal income of the resident population,

Total Earnings and Income
The total earnings and income of the resident population 1s de-

rived with the use of earnings and income equations, as follows:

earnr' = iephci * houri (3.7)
percon' = perc' * earnr’' (3.8)
nearn' = earn' - percon’ (3.9)
resadj' = ecc' * earn' (3.10)
nearp' = nearp' + readij' (3.11)
prop’ = pcpe' * pop' (3.12)
tran' = tppc' * pop’ (3.13)
perinc' = nearp' + prop' + tran'’ (3.14)
pecinc' = perinc' ¢ pop’ (3.15)
pcpce' = pceb' + pce' * pcinc' (3.16)
pce’ = pcepc' % perinc' (3.17)
where,
earnr' = total earnings of employed labor force by place of

work in year (t+1)

percon’ total personal contributions of employed work force

in year (t+1)



perc'
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personal contribution ratio in year (t+l)

net earnings of employed work force by place of work
in year (t+l)

residence adjustment in year (t+l)

net earnings of employed work by place of residence
in year (t+1)

total property income by place of residence in year
(t+1)

property income per capita in year (t+1)

total transfer payments by place of residence in
year (t+l)

transfer payments per capita in year (c+1)

total personal income by place of residence in year
(c+l)

personal income per capita in year (t+l)

personal consumption expenditures per capita in
year (t+l)

total personal consumtpion expenditures by place of

residence in year (t+1)

This completes the equation series for the expanded shift-and-share

forecasting model,

The forecast values from the model operation be-

come the lagged values of the next forecast cycle.
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