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ECONOMIC DOCUMENTATION FOR REMI POLICY INSIGHT 

The basis for the socioeconomic data used as growth surrogates in this study was a REMI 
Policy Insight model of the 58 California counties. This Appendix presents a summary of the 
REMI Policy Insight model, including the model's structure and major data sources. The major 
features embedded in REMI's Policy Insight model are described in The REM/ Economic
Demographic Forecasting and Simulation Model by Treyz, Rickman & Shao, International 
Regional Science Review, Vol. 14, No. 3, pp. 221-253, 1992, which is enclosed. The major 
changes to the material in this article are as follows: 

1. The reformulation of the consumption sectors of the model to incorporate price 
responses, high and low income elasticities, different responses to increased 
population and changes in per capita income, fixed effects for each area and 
responses of medical expenditure to the age structure of the population (See the 
enclosed paper, Consumption Equations for a Multi-Regional Forecasting and 
Policy Analysis Model by George Treyz and Lisa Petraglia, November, 1996). 

2. Endogenous participation rates by age, gender, race, cohort, and population by 
age, gender, and race (See the attached paper, Regional La.bor Force Participation 
Rates by George I. Treyz, Chris G. Christopher, Jr., and Chengfeng Lou, March 3, 
1996). 

3. Chain weighted price index (See the enclosed paper). 

4. Calibration of trade flows taking distance as well as demand and supply into 
account. 

Aspects of the model that are not fully documented in the above sources include the following, 
which are also included in this appendix: 

1. Demographic/migration module. 

2. Data sources and estimation/calibration procedures. 

l 



1992 PRICES & CHAIN WEIGHTED INDEX 

JULY, 1996 

REMI recently converted its real dollar concepts from 1987$ to chained 1992$. This 

process involved several steps. The first consideration involved the U.S. input-output tables, 

as the most recent release available from the BLS is still based on 1987$. After much 

consideration, it was decided that the best approach would be to continue using the industry

by-industry coefficient matrices derived from the BLS 1987$ industry and commodity flow 

matrices. Any attempt to convert from 1987$ flows to chained 1992$ flows would likely lead 

to inconsistent tables, and therefore introduce more new errors than those we would be 

attempting to correct. For this reason, we decided not to change the technology, and instead 

to just change the base year of the dollars. It is likely that the next BLS release (in November 

1997) will be based on chained 1992$. 

In order to generate a consistent industry-specific historical output series in chained 

1992$, we inverted the 1-0 matrices (year-by-year for 1969-1994) and fed in the new chained 

1992$ final demand data published by the BEA (Survey of Current Business). For conversion 

of the 2005 BLS data, we applied the 1994 92$/87$ CPI ratio. We then applied the industry-

- specific value-added share of output coefficients from BLS based on their 1987$ 1-0 tables to 

this generated chained 1992$ output series to get value-added in chained 1992$. The GSP data 

(from BEA) is still only available in 1987$, so we reconciled it by industry to the new value

. added series (by adding up all the states and comparing to the U.S.) to convert to chained 

1992$. 

To generate industry-specific deflators in chained 1992$ over history, we applied the 

92$/87$ CPI ratio each year to the 1987$ series, and then nonnalized to make sure each 

industry's deflator equaled 1.0 in 1992. 

As was previously stated, all real dollar variables in 2005 were converted using the 

1994 92$/87$ CPI ratio. We then used the same interpolation and extension methodologies 

to generate the full forecast. We were granted permission by R.S.Q.E. to use their new 

chained 1992$ short-term forecast to capture predicted business cycles. 
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© International Regional Scunct Revi.ew, Vol. 14, No. 3, pp. 221-253, 1992 

Editor's Note: In May 1980 theJournal of Regional Science (20, 2) published a symposium 
on multiregional econometric models. Roger Bolron wrote in the introduction that these models 
are "a major new deuelopment in regional economics which has significant implications for 
theory, policy analysis, and data developmenL" This issue of the International Regional 
Science Review revisits the topic 12 years later. It contains articles describing the current 
state of two of the four models featured in the original symposium. NRIES II and REM/ are 
extraordinary successes in the history of regional modeling. They have been used repeatedly 
for policy studies, impact analyses, and forecasts, and they have been updated and improt:ed 
on a regular basis. They represent the state of the art of multiregional econometric modeling 
practice. Future issues of the Review will feature other methods that now claim the mantle of 
"major new development." 

The REM/ Economic-Demographic 
Forecasting and Simulation Model 

George I. Treyz 
Department of Economics 

University of Massachusetts 
Amherst, Massachusetts 01003 USA 

Dan S. Rickman 
Gang Shao 

Regional Economic Models, Inc. (REM/) 
306 Lincoln Avenue 

Amherst, Massachusetts 01002 USA 

ABSTRACT This article presents the Regional Economic Models, Inc. 
(REMI) Economic-Demographic Forecasting and Simulation (EDFS) model, 
which is used for regional forecasting and policy simulation in both the 

· private and public sectors in the United States. The detailed structure of 
the model is presented. To illustrate the dynamic simulation properties of 
the model, results of two sample simulations for a REM! multi-area model 
of a region in Southern California are presented. Post-sample historical 
forecasts for all U.S. states are provided to evaluate the forecasting capabilities 
of the model. 

I. Introduction 

The Regional Economic Models, Inc. (REM!) Economic-Demo
graphic Forecasting and Simulation (EDFS) model is designed with 

Frank Giarratani and Andrew Isserman were instrumental in the initiation and 
development of this paper. Three anonymous referees provided useful comments, Sherri 
Pierce and Laura Corcoran played an important pan in building REM! models, and Erin 
O'Toole prepared the manuscript with care. Dan Rickman is now at the University of 
Nevada, Las Vegas, and Gang Shao is at KPMG Peat Marwick in Washington, D.C. 

Received 12 April 1990; in revised form 12 March 1991. 
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the objective of improving the quality of research-based decision 
making in the public and private sectors. It is calibrated to many 
subnational areas for forecasting and policy analysis by government 
agencies, consulting firms,· nonprofit institutions, universities, and 
public utilities throughout the United States. Simulations with the 
model are used to estimate the economic and demographic effects of 
economic development programs, transportation infrastructure in
vestments, environmental improvement regulations and projects, en
ergy and natural resource conservation programs, state and local tax 
changes, and other policy initiatives. 

The structure of the model incorporates interindustry transac
tions and endogenous final demand feedbacks. In addition, the model 
includes: substitution among factors of production in response to 
changes in relative factor costs, migration response to changes in 
expected income, wage response to changes in labor market condi
tions, and changes in the share of local and export markets in response 
to changes in regional profitability and production costs. The essence 
of the REMI model is the extent that theoretical structural restrictions 
are used instead of individual econometric estimates based on single 
time-series observations for each region. The explicit structure of 
the model makes it easier to use policy variables that represent a 
wide range of policy options and to track policy effects on all the 
variables in the model. 

Inclusion of price responsive product and factor demands and 
supplies gives the REMI model much in common ,,·ith Computable 
General Equilibrium (CGE) models, ,,·hich have been ,,·idely used in 
economic development (Dervis, Dei\:Ielo, and Robinson 1982), public 
finance and international trade (Sho,·en and Whalley 1984), and have 
been applied more recently in regional settings (Jones and Whalley 
1988; Harrigan and McGregor 1989; Morgan, Muni, and Partridge 
1989). The models differ, however, in that static CGE models usually 
invoke market clearing in all product and factor markets, and dynamic 
CGE models typically assume a perfect foresight intenemporal clear
ing of markets or temporary market clearing if expectations are 
imperfect; whereas, the REI\'11 EDFS model does not require product 
and factor markets to clear continuously. The time paths of responses 
between variables are determined by combining a priori model 
structure \,·ith econometrically estimated parameters. 

The RE?\fl EDFS model's basic structure was first implemented 
as the Massachusetts Economic Policy Analysis Model (Treyz, Fried
laender, and Ste\'ens 1980; Treyz 1981 ). A core version of this model 
for every state was developed for the National Cooperative Highway 
Research Project (NCHRP) and became publicly a,·ailable in 1980 
(Treyz, Stevens, and Ehrlich 1981). Treyz (1980) proposed a mul
tiregional generalization, and REMI refined and developed the NCHRP 
model in response to ne\,· research methods and client requirements. 

l 
r 

! 
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'! 
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TREYZ, RICKMAN, SHAO: REMI FORECASTING MODEL 

Early results of using the methodology were reported by Treyz and 
Stevens (1985) and Treyz et al. (1988). . 

Since these earlier published accounts, the theoretical structure 
of the model has been further developed. A complete demographic 
module has been added that integrates economic and demographic 
processes. Research based on new data sources and econometric 
formulations has continued on the determinants of human migration 
and the location of firms, and new estimation techniques for regional 
wage determination have been developed. Besides documenting the 
new structural features of the model, this article presents the entire 
model in much more detail than has been previously published. Also, 
the dynamic simulation properties are examined and results of post
sample period forecasts for all U.S. states are presented. The article 
concludes with a few summary comments. 

2. Model Structure 

Although the model contains numerous eq1;1ations, the five blocks 
in figure 1 illustrate the underlying structure of the REMI model. 
Each block contains several components (shown in rectangular boxes), 
and the lines and arrows represent interactions of key components 
both within and between blocks. Most interactions flow both ways, 
indicating a highly simultaneous structure. Block 1, output linkages, 
forms the core of the model. An input-output structure represents 
the interindustry linkages and final-demand linkages by industry. 
Interaction between block 1 and the rest of the model is extensive. 
Predicted outputs from block 1 dri\'e labor demand in block 2. Labor 
demand interacts with labor supply from block 3 to determine wages. 
Combined with other factor costs, wages determine relative produc
tion costs and relative profitability in block 4, which affects the market 
shares in block 5. The market shares are the proportions of local 
demand in the region in block 1 and exogenous export demand that 
local production fulfills. 

The endogenous final demands include consumption, investment, 
and state and local government demand. Real disposable income 
drives consumption demands and is calculated by using the regional 
consumer price deflator from block 4 to deflate nominal disposable 
income. An accounting identity defines nominal disposable income 
as wage income from blocks 2 and 4, plus property income related 
to population and the cohort distribution of population calculated in 
block 3, plus transfer income related to population less employment 
and retirement population, minus taxes. Optimal capital stock cal
culated in block 2 drives investment, and population in block 3 drives 
state and local government final demand. The endogenous final 
demands combined with exports drive the output block. 
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' 225TREYZ, RICKMAN, SHAO: REMI FORECASTING MODEL 

Detailed descriptions of the components in each major block of 
the model follow and include theoretical underpinnings, empirical 
methodologies, and linkages to other components. 

Block I - Output Linkages 

Output equations. Outputs for 53 sectors (49 private nonfarm 
industries plus 3 government sectors and the farm sector) are cal
culated from a regionalized input-output model. For industry i (i. = 
I, ... , 49) the output equation is 

49 

Q; = LR; a;j Q; + R (C; +I;+ G;) + X., {l) 
j•l 

where Q; is output in industry i in the region, R; is the regional 
purchase coefficient, aiJ is the technical coefficient from the national 

··· input-output model, and C;, I;, G;, and X; are the regional final 
demand components denoting personal consumption, investment, 
government spending, and exports by the region. 

The regional purchase coefficient, R;, represents the proportion 
of local demand supplied locally by industry i. By incorporating it 
into the model, the national input-output technical coefficients are 
regionalized and the need for an explicit import component is 
eliminated. Historical and projected U.S. national input-output tables 
produced by the Bureau of Labor Statistics provide the technical 
coefficients for benchmark years. 1 Linear interpolation of the technical 
coefficients between benchmark years gives the technical coefficients 
for each year. 

If the region has more than one area, exports out of the area 
will be divided into two parts. The first, X}', is shipments from area 
k to other areas within the region (r), and the second, X~u, is sales 
from area k outside the multi-area region (u). Equation ( 1) can then 
be rewritten for the multi-area model as 

Exports to the rest of the multi-area region are proportional to 
total imports of other areas (h = 1, ... , rn and h ::/= k) in the region. 
They are determined as 

1 Since 1972, the U.S. input-output accounts have adopted a commodity-by-
19 
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where Str is the share of exports into other areas from area k, M~ 
are the imports of area h, and R? is the regional purchase coefficient ' 

. 
' 

for industry i in area h. 
Exports to the rest of the country and the world can be written 

fas 

where sru is the regional -share of interregional and international 
trade of the United States. 

f 

Consumption equations. Real disposable income received by con- ! 
sumers translates into consumption demand by industry, Ci, according 
to 

13 

Ci = L PCEij Concolj er (RYD/RYDu), (4) 
j-1 

where PCEij is a coefficient denoting the proportion of consumption 
category j satisfied by industry i, 2 Concolj is a location-specific differ
ential consumption measure derived from a consumer expenditure 
survey, RYD represents real disposable income in the region, and 
Cy is consumption of good j in the United States. 

Real disposable income equations. Real disposable income in the 
region equals personal income adjusted for taxes and the cost of 
living. Total personal income depends on wages and salaries, other 
labor income, property income, personal contributions to social 
insurance, transfer payments, and an adjustment to account for the 
difference between place-of-vrnrk and place-of-residence earnings. 

Wage and salary disbursements, \,\'SD, are an aggregation of 
individual industry wages and salaries. Thus, 

53 

\VSD = ""£. w6 I It 

where E; is employment of industry i, and \\"; is the v,age rate of 
industry i. 

Employees also receive other labor income, such as fringe benefits, 
and the self-employed generate proprietors' income. The Bureau of 
Economic Analysis reports the total of these two income sources by 

industry input-output framework in which commodities and industries are classified 
separately. Under the assumptions of industry-based, commodity-based, and mixed 
technology, different input-output models that connect relations between commodity 
(industry) output and commodity (industry) final demand can be constructed (see 
Miller and Blair 1985). The REMI EDFS model is an industry-based, industry-by
industry input-output model. 

2 The matrix PCE ~ [PCE;j] is often called a bridge matrix. The coefficients 2.re 
projected fon,;ard based on the Bureau of Labor Statistics projected values for the 
United States. 20 
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major sector, so the local change in these to~als on a per ~mployee 
basis is predicted by their national change usmg the following equa
tion: 

YOL1 = AvoL E, (YOL,/Ei), 

where YOL, is other labor income and proprietors' income for major 
sector I (to which industry i belongs), AyoL is a region-specific 
coefficient and is greater than· 1 if the region has a higher ratio than 
the nation, and £1 is employment in sector I. Total labor and 
proprietors' income, YLP, for all industries in the region can be 
calculated as 

YLP = WSD + I YOL1. 
I 

Property income, YPROP, depends on both population apd its 
age distribution as well as historical regional differences in property 
income received. 

(5) 

and 

NP = L65 + m65 x G65, (6) 

where m65 is the U.S. ratio of per capita property income received 
for persons 65 years and older (G65) relative to property received 
by persons younger than 65 (L65), and :X.,-rRor adjusts for regional 
differences and is calculated in the last historical year by solving 
equations (5) and (6). 

Personal contributions to social insurance, T\YPER, are predicted 
as 

T\VPER = A·n\"PER \\'SD (T\VPERu/WSD"), 

where A-r\\"PER is a coefficient calculated historical!\· to adjust for 
regional differences in T\VPER. · 

The residence adjustment, RA, is used to convert place-of-work 
income (wage and salaries, other labor income, and personal contri
butions for social insurance) to place-of-residence income. It is cal
culated as a fixed share of the income on which it depends. A positive 
residence adjustment in the last history year (RA-r > 0)3 implies that 
some residents living in the area ,rork outside the area, so RA will 
depend on income outside the area. For a one-area model, income 
outside the area is given by U.S. income. For a multi-area model, 
income outside the area is given by national income plus negative 
residential adjustments in other areas, LOSTINC. If RAT is negative, 
RA depends on local income, i.e., ,,·ages, proprietors' income, and 

3 Subscripts for time (t) are used only in equations where they are necessary for 
clarity. The capital T is used to indicate the last year of history. 

21 
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other labor income minus social security contributions. The equation 
for RA is 

ARA:-.IR LOSTINC + ARAU (WSDNP + YOLNP 
RA = - TWPER0 

), if RAT ~ 0 (?) 
{ 

ARA (WSDNF + YOLNF - TWPER), if RAT < 0 

where ARA:-.rn, ARAU, and ARA are coefficients (for a one-area model, 
AR.....:-.IR = 0), LOSTINC is the sum of the income in the rest of the 
multi-area region generated by negative residential adjustments, and 
WSDNF (WSDNP) and YOLNF (YOLNF0

) are nonfarm wages and 
other labor income. 

Transfer payments, V, depend on the number of persons in each 
of three groups: persons 65 years and older, persons younger than 
65 who are not working, and all persons not working. T1finsfer 
payments also are adjusted for historical regional differences. More 
formally stated 

(8) 

and 

NV = VG (G65) + VL [L65 - E (I + RA/YLP)] (9) 

+ [N - E (I + RA/YLP)], 

where VG are per capita transfer payments for persons over 65 years 
old relative to per capita transfer payments for all persons not working, 
VL are per capita transfer payments for persons younger than 65 
who are not working relative to per capita transfers for all persons 
not working, A\· adjusts for regional differences and is calculated in 
the last historical year by solving equations (8) and (9), and E and N 
are, respectively, total employment and population in the region. 

Finally, personal income, YP, in the region is 

YP = YLP - T\VPER + RA + YPROP + V, 

and real disposable income, RYD, for the region is then calculated 
as 

RYD == (YP - TAX)/CP, (I .0) 

where TAX denotes the rest of the deductions (primarily local, state, 
and federal income taxes) from personal income, and CP is the 
personal consumption expenditure deflator. 

The variable TAX depends on net income after subtracting 
transfer income. It is adjusted for regional differences by ;\TAX and 
changes as U.S. tax rates change. 

TAX = "TAX (YP - V) [TAXU/(YPU - vu)]. 

Investment equations. There are three types of investment: res1-
22 
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dential, nonresidential, and equipment investment. In a multi-industry 
model, it is necessary to allocate investment to the industries supplying 
the investment goods and carrying out the construction. Thus, 

I-- = INV-- I- (11)
!J !J J' 

where INV ti is a coefficient denoting the proportion of investment 
category j supplied by industry i, and lu is type j investment demand 
for output from industry i. 

In the version of the model used for. this article, the equation 
for nonresidential and equipment investment is 

(12) 

where the coefficient Aj reflects higher or lower nonresidential and 
equipment investment in the region in the last historical year than 
indicated by the rest of the equation and partially compensates· for 
the absence ofa stock adjustment process when the growth differential 
from the United States is constant. If is total investment of type j 
capital in the nation, and Kt /Kj* is a ratio of local to national 
optimal capital stock for type j capital, whose calculation will be 
described in the section on factor demands. 

The equation for residential investment is 

(13) 

where X, is a coefficient to reflect regional differences. ARYD is 
expected permanent real disposable income, 

ARYDI = ARYD.-1 + x.-\RYo (RYDI _- ARYD1-1), 

where 11.ARYD = 0.25, t denotes the current period, and t - 1 denotes 
the previous period. 

In the alternative version of the model, released in 1991, in
vestment is determined from a stock adjustment process (Rickman, 
Shao, and Treyz, Forthcoming). The investment equation is 

Ij1 = aj [K}l' - Kjo TT(l - d,) 
jaJ (14) 

t-1 I 

- L 1ji n (1 - di)J. 
i-= ~ l•i+J 

where Ij, is type j investment at year t, ai is an adjustment coefficient 
for capital stock estimated over all states (the value of ai is .127 for 
residential and .061 for nonresidential investment), Kjo is the initial 
capital stock, and d, is the depreciation rate. Kjo and a capital 
preference parameter are region-specific estimates. The optimal cap
ital stock for the region is calculated as a share of the U.S. optimal 
capital stock, Kr.*, which in turn is determined from 

(15) 
23 
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The regional share for optimal nonresidential capital stock, 
K/ /KJ*, is calculated in the factor demand section below. The share 
for residential investment is the region's share of real disposable 
income, RYD, and equipment investment is predicted to be in the 
same ratio to nonresidential investment in the region as it is in the 
nauon. 

Government spending equations. Government spending is predicted 
for six components: federal civilian, federal military, and state and 
local expenditures for education, health and welfare, safety, and 
miscellaneous. Federal government civilian and military employment 
in the region are exogenous and maintained at a fixed share of the 
corresponding total U.S. values. Federal military procurement is 
allocated according to each region's representation in the industries 
for which the federal military spending occurs. 

The expenditures of state and local government depend on 
relative population, nationally predicted state and local government 
expenditures, and regional differences (11.c)-

G; = Ac (N/Nu) L
4 

GOVij G_r, (16) 
j-1 

where GOVij is the proportion of componentj of government demand 
for industry output i. State and local governments maintain per capita 
services and follow national per capita government expenditure 
trends. 

Block 2 - Factor Demands 

Industries demand profit-maximizing levels of factor inputs. The 
optimal choice of inputs involves two stages. First, industries demand 
fixed shares of composite value added and composite intermediate 
inputs. Second, industries choose optimal levels of the components 
of the composite· factors. The shares of the individual intermediate 
inputs of the composite intermediate input are fixed. A Cobb-Douglas 
constant-returns-to-scale function relates the value added components 
to the composite value added factor as follows: 

VA; = A; (E)"i (K;)iSi (FJ\ 

where A; is total factor productivity, E; is labor, K is a composite of 
capital factors, F; is a composite fuel factor, and a + f3 + 'Y = I." 

Though more flexible forms than Cobb-Douglas exist, Griffen 
and Gregory (1976) show that the Cobb-Douglas production function 

~ E and K are used interchangeably for employment and capital and for demands 
for labor and capital because wages and the cost of land are determined by reduced
form equations, and because the costs of capital and fuel are not related to the levels 
of usage. Thus, for given factor prices, actual factor usages are calculated from the 
factor demand equations. 

24 
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provides a good characterization of substitutability betwee_n fuel and 
other inputs. Also, since regional production technology 1s assumed 
to be identical to national technology, the historical changes in U.S. 
value added shares and projected changes during the forecast period 
can be directly incorporated into the regional Cobb-Douglas func
tional form. 

Labor demand. Homotheticity of production yields profit maxi
mizing factor intensities that are independent of output and can be 
obtained by cost minimization techniques. Demand for labor can be 
expressed as 

( 1 7) 

where W; is the wage rate, C; is the cost of capital, and f; the cost of 
fuel. Deriving a similar expression for the United States and dividing 
it into equation ( 1 7) yields 

E; = (1/RFPROD;) (RLC;)°;-t (RCC;)8i (RFC;)'"i (E:'/VAr) VA;, (18) 

where RfPROD; is the ratio of total factor productivities (A;/A:'), 
RLC; represents relative labor cost (defined as the regional wage rate 
divided by the national wage rate) adjusted for four-digit, industry 
mix differences within the two-digit industry, RCC; represents relative 
capital cost, and RFC; is relative fuel cost. 

Due to the costs of adjusting factor intensities, the demand for 
labor may not be the optimum demand. From equation (18), optimum 
labor intensity, h;, is defined as 

E/Eu
h- = I (RfPROD) = (RLC)";-I (RCC)8i (RFC)i'i_ (I 9) I 

I V A/VAu ' • I ' 
I I 

Labor intensity, Q;, is defined as a geometrically declining weighted 
average of current and past adjustments to deviations of the factor 
intensities from optimum factor intensities. Thus, 

i\ = !\,-,, + Ae (h;, - Qi<,-1)), (20) 

where Ae is the partial adjustment coefficient and equals 0.0625 on 
the assumption that the average lifetime of equipment is 13 years 
(see Coen 1975). Substituting Q; for h; as defined in equation (19) 
into equation ( 18) gives 

E; = (I/RfPROD;) 2; (Ei/VAn VA;. (21) 

Capital demands. Optimal capital stock, which drives investment 
in Block I, is calculated for the aggregate of nonresidential structures 
and equipment. Substituting actual aggregate employment into the 
Cobb-Douglas expansion path between capital and labor gives 

K* = (L KW;RLC;) (AEF) u* 
L KW;RCC; AEP K ' 

25 
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wl?,ere K* denotes optimum capital stock, KW; reflects the capital 
intensity of i for the United States, and AEF denotes anticipated 
employment, which is also weighted by KW;. The weighting produces 
greater capital demands when capital intensive firms are stimulated 
than if labor intensive firms are stimulated. 

The optimal capital stock becomes forward-looking by specifying 
anticipated employment according to an adaptive expectations frame
work. 

AEF, = AEt + CAAE, 

and 

CAAEt = CAAE,-1 + AcAAE [(AE, - AE,-1) - CAAE,_i], 

where CAAE, is the expected change in employment, AE, is current 
employment weighted by KWi, and AcAAE denotes the rate of adjust
ment and equals 0.33. For the alternative version of the model that 
includes the stock adjustment equation, AEF, is set equal to AE,. 

Demand for fuel. While demand for fuel is not explicit in the 
model, the cost of fuel enters the demands for labor and capital in 
equations (17) through (21) and plays an important role in the model. 
The treatment of fuel is unique in that the detailed intermediate 
outputs for coal mining, crude petroleum and natural gas mining, 
petroleum refining, and electric and natural gas utilities are excluded 
from the intermediate industry transactions and treated as value 
added. As a value added factor, fuel becomes an input that is a 
substitute for capital and labor. 

Block 3 - Population and Labor Supply 

Regional population and labor supply determine the interaction 
of the demographic section of the model with the economic section. 
The demographic section applies a cohort algorithm to the population 
for single-year age cohorts for both males and females. The cohort 
algorithm predicts the number of births and deaths that occur and, 
by taking the difference between them, gives the natural change in 
population. Combined with potential labor force participation rates, 
the labor force is built up from the cohorts. The indigenous labor 
force competes with potential migrants for jobs. Migrants in turn 
alter the long-term demographic structure of the population. The 
demographic-economic interaction becomes pronounced for rapidly 
growing or declining regions, and models that ignore this interaction 
may be misleading. The demographic section also calculates migration 
exogenous to regional economic conditions. 

Cohort algorithm. The cohort algorithm applies fertility and sur
vival rates to the appropriate cohorts while adding births to and 

2.:, 
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subtracting deaths from each corresponding cohort. Two simple 
equations summarize the process: 

BTHl = L COHk(1-I) FERk(1-I) (22) 
k<F 

COHk, = COH"<•-•> SRV"<•-•> for all k, (23) 

where BTH is the total number of births, COH is the size of the age 
and sex cohort k, FER is the probability of giving birth, SRV is the 
probability of surviving from one specific age cohort to the next, and 
F denotes the sample of women in child-bearing years. For k equal 
to one, SRV captures both the probability of a successful birth and 
the probability of reaching one year of age. 

Fertility and survival rates are state-specific for 1 980 and were 
trended forward and backward based on national trends observed 
and projected by the Bureau of the Census. Historically predicted 
births and deaths by cohort also are proportionately adjusted to 
obtain regional total birth and death rates. The forecast period retains 
the birth and death rate adjustments calculated in the last year of 
history. Also, since military personnel and their dependents are treated 
as a special population, the cohort algorithm applies only to the 
civilian population. 

The potential labor force, NLF, is calculated by 

NLF = L NPRk COHk, (24) 
k 

where NPRi.. is the potential participation rate for the cohort. To 
determine NPRk, a cross-section regression was run across 51 regions 
for each of 40 aggregated cohorts (20 for males and 20 for females) 
for 1980. The most relevant finding was that the estimated coefficient 
for the unemployment rate was always negative, which implies that 
high unemployment rates cause discouraged potential workers to 
withdraw from or stay out of the labor force. When the overall 
national unemployment rate is near the natural rate, replacing the 
local unemployment rate for a particular age and sex group with a 
national rate for the same group generates a measure of the underlying 
potential labor force. Predicted 1980 participation rates were trended 
backward and forward based on historical and projected U.S. labor 
force participation rate trends for each cohort. 

Migrants. International migrants, retired migrants, former mili
tary personnel and their dependents reentering the civilian popula
tion, and economic migrants are the four components of net migra
tion. All but economic migrants are exogenous to the economic 
sectors of the model. 

International migration is determined by calculating a fixed 
regional share of U.S. immigration, which is projected by the Bureau 
of the Census based on its reports of international migration patterns 

27 
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by state from 1975 to I 980. The general state migrant distribution 
serves as the distribution of international migrants. The distributed 
migrants become part of the receiving region's population, to which 
the region's cohort algorithm applies. Survival and fertility rates apply 
to one-half of the migrants to reflect an average of one-half year of 
residency for each migrant during the year of migration. 

Retired migrants are defined as migrants over age 65 and include 
international immigrants. Retired migrants respond to noneconomic 
factors such as differential regional amenity levels. Rates of migration 
for retirees are calculated for single-year age cohorts for both males 
and females and are defined as the sum of the cohort's residually 
calculated migrants between the two most recent censuses (1970 and 
1980) divided by the sum of the cohort in the region if total migrants 
are negative, and the sum of the cohort in the United States if total 
migrants are positive. 

RTMG = L rmk [(I - RTDUMk) COHk + RTDUMk COHku], (25) 
k 

where RTMG denotes total retired migrants, rmk is the rate of 
migration for cohort k, RTDUMk equals one if rmk is positive and 
zero if rmk is negative, and COH is the size of the cohort. Survival 
and fertility rates apply to one-half of the migrants to reflect an 
average of one-half year of residence for each migrant. 

Because military personnel and their dependents are treated as 
a special population that includes overseas personnel, a link is required 
between regional changes in the civilian population and the changes 
in the size of the military. The share of civilian population that a 
region receives when the size of the mil~tary decreases, or loses when 
military size increases, is determined by the regional proportion of 
total domestic population in the previous year. For personnel returning 
from domestic duty, associated dependents are also included. Again, 
the cohort algorithm applies to one-half of the returning personnel 
and their dependents. 

Economic migrants are migrants under age 65 who were part of 
the civilian population in the United States the preceding year. 
Economic migration, ECMG, responds to both economic and amenity 
factors and may be expressed as 

1ECMG = f (EY ) (26)£Yu '..Au , 

where EY is expected income, and ..A denotes the level of amenities. 
Expected income is the probability-weighted sum of wages, 

(27) 

where P(Ei) denotes probability of employment. This formulation 1s 
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consistent with the theoretical model by Harris and Todaro (l 970). 
Breaking the probability into two parts so that 

P(E;) = P(E) x P(E; IE), 

and specifying forecasts for the two parts as 

P(E) = ER/NLF 

and 

P(E; I E) = E;/E, 

equation (27) can be rewritten as 

EY = (ER/NLF) [ ~ (E;/E) w.]. 
where ER is civilian employment adjusted for place-of-residence, N LF 
is the potential labor force from equation (24), and Eis total nonfarm 
private employment by place of work. 

Adjusting W; for regional cost-of-living and tax differentials, 
dividing by a similar expression for EYu, and multiplying the nu
merator and denominator by ilEJE)wr yields 

EY 
L (E;/E) W; (RYD/YP) L (E;/E) wr 

ER/NLF i i 
--= X X
EYU ERU/NLP L (E;/E) wr (R YD" /YPU) L (Er/Eu) wi 

i 
(28) 

= REO X RWR X RWM, 

where REO, RWR, and RWM represent relative employment op
portunity, relative wage rate, and relative wage mix, respectively. 
Thus, REO reflects the probability of getting a job, R WR the real 
after-tax wage independent of regional industry mix differences, and 
RWM the regional mix effect on average pay. 

Substituting equation (28) into equation (26) gives 

ECMG = f (REO x RWR x RWM, _jJ/_Au). (29) 

Equation (29) is estimated by assuming a semi-log functional form, 
normalizing ECMG to the previous year's potential labor force, 
incorporating lagged migration responses of up to two periods, and 
adding a random disturbance term. The estimated equation is 

NECM, = In (.\k) + 01 In (RE01) + 02 In (RE0,_ 1) 
+ 03 In (RE0,-2) + 04 In (RWR,) + o,, In (RWR,_ 1) 

(30)
+ 06 In (RWR,_2) + 01 In (RWM,) + 08 In (RWM,_ 1) 

+ o9 In (RWM,_ 2 ) + µ,, 

where ,\k denotes the region-specific relative amenity value obtained 

23 
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by specifying a dummy variable for each region, and NECM, = 
ECMG,/NLF1 _ 1•

5 Because equation (30) is part of a larger system of 
equations that specifies REO as an explanatory variable of the wage 
rate, and ECMG as a component of REO, the equation was estimated 
with two-stage least squares.6 Also, a polynm:nial-distributed lag of 
degree one was imposed on the lag weights for each variable to get 
desired dynamic model properties. The results of the estimation, with 
corresponding t-statistics in parentheses, for the 1973-88 period for 
50 states plus Washington, D.C., are 

o, = 0.296 (8.8) 02 = 0. I 2 I ( I 2. 0) 03 = -0.054 (-2.5) 
04 = 0.320 (7.1) o5 = 0.1 I 7 (8.0) 06 = -0.086 (-3.4) 
07 = 0.196 (2.2) 08 = -0.004 (-0.2) 09 = -0.206 (-2.6) 

R2 = 0.63 

The results confirm the importance of each economic factor. For 
substate areas, equation (30) and the estimates for 01 through o9 are 
used to calibrate a region-specific intercept. 

Block 4 - Production Costs, Prices, and Profits 

Production costs. Total cost of production, TC;, is the sum of the 
input costs weighted by their usage, 

TC == w E- + c- K + f F- + "' LJ sp- Q.. (3 I)I I l I I I I J TJ' 

j 

where spj is the price of material input j. Substituting the expansion 
path expressions for labor with capital and labor with fuel into 
equation (3 I) and then substituting equation (I 7) for Ei gives the cost 
function written as 

Dividing equation (32) by Qi, deriving a similar expression for the 
United States, normalizing A:'= (w:'/a;)ai(c:'//3;}6i(f:'/-y;)''i and spr = I, 
and then multiplying the first term in equation (32) by Ar/Ar (using 
the normalized expression for Ar in the numerator) gives 

Pi = AC/AC:' = af, (I/RFPROD,) (RLC;)ai (RCC;}'5· (RFC,)"'• (33 J 
+ L ai1 spJ' · 

J 

where Pi denotes relative production costs, AC; is average cost, afi is 
VA./Qi, aij is Qi/Q., and relative factor productivity (RfPROD,) is 

5 For a comparison of calculated amenity effects from this equation with those 
of hedonic models, see Greenwood et al. (1991 ). 

6 A more thorough description of the construction of the variables, tests of 
alternative lag lengths, and the use of exogenous variables in the first stage of the 
estimation can be found in Treyz et al. (Forthcoming). 
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A;/A:'. The VA;, Qij, and Q; values are proxied by their U.S. 
counterparts. Due to constant returns to scale, AC/AC\' can be 
replaced by marginal costs, MC;/MC:'. The relative component costs 
of labor (RLC;), capital (RCC;), fuel (RFC;), and intermediate inputs 
(sp) are described below in more detail. 

Relative cost of labor. The relative cost of labor is 

RLC; = w;/(w:' WINDX;), (34) 

where WINDX; is an index to control for the effect of area-specific 
differences in the proportions of four-digit industries within two-digit 
industry i. An area concentrated with high-wage jobs in industry i 
will not show a high relative labor cost if the wages for the four-digit 
industries are at the national average. 

Prediction of w; is given by 

94 

wit = ( j-1
L dti LiWDj + , LiCPt-1 (35) 

where d;j is the proportion of occupation j in industry i projected by 
the Bureau of Labor Statistics, LiWDj is the change in wage, rate due 
to changes in demand for occupation j and changes. in labor market 
conditions, LiCPt-i is the change in the relative consumer expenditure 
deflator from time t-2 to t-1, -r is a parameter that is estimated as 
described below, and tu is the change in U.S. wages not explained by 
the rest of equation (35) and industry mix changes. 

Wage rate changes due to occupational wage rate changes are 
predicted by 

LiWDj = 01 (EO/EOA) (I - DHSK) + 02(EO/EOA)DHSK (36) 
+ 03 (ODj/ODAj) DHSK + µ, 

where EO is employment in the region divided by the potential labor 
force, DHSK is a dummy variable equal to one for high-skill occu
pations and zero for low-skill occupations, ODj is demand for occu
pation j originating from all firms in the region and µ is a random 
disturbance term. EOA and ODAj are geometrically declining weighted 
averages of EO and ODj. 

EOAt = EOA,_, + Arn (EO,_, - EOA,_ 1), 

and 

ODAj, = ODAj<<-1> + Aoo (ODj<•-I> - ODAj(,-1)), (3 7) 

where Arn ancl A00 are coefficients of adjustment. 
The general methodology for estimating 81, 82 , and 03 follov,s 

that of Treyz and Stevens (1985), which combined data from the 
1980-81 Current Population Survey with data from REMI. Because 
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more recent research uses 1986-87 Current Population Survey data, 
the estimated coefficient values differ from those reported earlier. 
The independent variables EO and OD are generated with the model 
and linked with the dependent variable from the Current Population 
Survey (U.S. Bureau of the Census 1982, 1988). Variables that reflect 
traits-specific to individuals (including race, gender, level of education, 
age, marital status, union membership, and whether the person was 
the head of a household) are added to the regression to control for 
their influence on wage rate changes. Also, the 1986 wage rate is 
added to control for the influence of wage levels on wage rate 
changes. The most significant relationships were found with A00 = 
0.2, Arn = 1.0 for high-skill occupations, and Arn = 0.2 for low-skill 
occupations. The estimated coefficients for the economic variables 
(with corresponding t-statistics) are 01 = 0.393 (2. 767), 02 = 1.461 
(3.251), and 03 = 0.136 (1.803). 

Wages of both high- and low-skill occupations are sensitive to 
general market conditions. The impact of market conditions is more 
immediate for highly skilled workers because the most significant 
relationship was found when the coefficient of adjustment equaled 
one, as compared with one-fifth for low-skilled workers, for whom 
the effect is less immediate. Occupational demand is not a sis-nificant 
factor in explaining wage changes for low-skilled workers but is 
significant for highly skilled workers. 

A final step in the estimation required substituting equation (36) 
into the model to predict wage changes. New estimates were obtained 
by minimizing the sum of squared errors of predicted wages to actual 
wages with the errors normalized to predicted wages. 81 and 82 were 
uniformly increased to twice their initial values and decreased to zero 
in increments of one-eighth their initial values for each trial. 03 was 
similarly estimated given the final estimates of 81 and 02 • The sample 
included all fifty states plus Washington, D.C., for 1970 to 1987. 
Final estimates for 81 and 82 were one-half their initial values, while 
no improvement could be found for 83 • A joint F-test on the three 
coefficients rejected that they were all zero with a level of significance 
of 0.05. 

Given the final estimates of 81, 62 , and 03 and using the approach 
described above, r is estimated to equal 0.25. Based on an F-test, T 

equal to zero is rejected at the 0.05 level of significance. Thus, 25 
percent of changes in the relative regional cost of living are passed 
on into regional wages. 

Relative cost of capital. The derivation of the cost of capital is 
based on the implicit rental cost of capital approach and draws on 
the work of many researchers, especially Hall and Jorgenson (1967). 
The form used here is given in Treyz and Stevens (1983). Three 
types of capital are considered, and their costs are related to aggregate 
capital cost according to a Cobb-Douglas cost function. 
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C; = (CSTR; PSTR)CS; (CEQP; PEQPfE; CINVf'i CLANDCL,, (38) 

where CSTR;, CEQP;, and CINVi are the relative costs of structures, 
equipment, and inventory; PSTR and PEQP are the relative prices 
of structures and equipment; CLAND is the cost of land, which is 
proxied by the relative price of housing; and CSj, CE;, Cl;, and CLi 
(which sum to equal one) are the proportions of capital accounted 
for by structures, equipment, inventory, and land, respectively. 

Since equipment and structures are not explicit in the model, 
their relative prices require separate calculation. The equations for 
PEQP and CEQP are 

PEQP = · L sp; CWEQP;, (39) 

where sp; is the price paid by a local firm for the zth input into 
equipment, and CWEQP; is the proportion of all inputs to equipment 
represented by the input from the ith industry as obtained from the 
U.S. input-output table, and 

r + CERR [CEQP; =--- I - TICU - (I - TCPU) TIC - DDFE 
I - UM; (40) 

- DDME- - RDME + WM ]/cEQPU
• (r + CERR) · " 

where r is the interest rate and is assumed equal across regions, 
CERR is the rate of replacement of equipment capital, UMi is the 
combined national and local corporate profit tax rate for industry i, 
TIC (TICu) is local (national) investment tax credit, TCPu is national 
corporate profit tax rate, DDFE is present value of federal tax savings 
from depreciation deductions on equipment, DDMEi is present value 
of local tax savings from depreciation deductions on equipment, 
ROME is present value of local tax savings from interest deductions 
on equipment, and WM is equipment tax rate less the federal 
deduction. CEQPr is calculated the same as CEQP; (without the 
division by CEQPO except local variables are replaced with national 
averages. To calculate PSTR and CSTR, all terms specific to equip
ment can be replaced by corresponding terms for structures. 

The present value of federal tax savings from depreciation 
deductions can be written as 

DDFE = (1 - XSYDE) TCPu 1 - exp (-TELu r) 
TELu r ( 4 1) 

1 - exp (-TELu r)]+ XSYDE 2 TCPU [ 1 
TELu r TELu r 

where XSYDE is the proportion of firms using sum-of-the-years digits 
3:: 
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depreciation for equipment, and TELu is equipment lifetime according 
to national tax laws. 

Likewise, the present value of local tax savings from depreciation 
deductions is · 

VM- l - exp (-TELM r) 
DDME; = (1 - XSYDE) TEL~ r 

(42) 

+ XSYDE 2 VM; [i _l - exp (-TELM r)]
TELM r TELM r ' 

where TELM is equipment lifetime allowed by the state, and VM; is 
the state corporate tax rate net the effect of the federal deduction 
of state taxes. 

(43) 

(44) 

UM; = TCPU + VM;, (45) 

WM = TEQP ( 1 - TCPu), (46) 

where TCP; is local corporate profit tax rate for industry i,, .11.TcP is a 
coefficient that reflects the corporate profit tax rate from the last 
year of history, ZTcP(iJ is an adjustment for industries whose state 
corporate profit tax rate differs from the average rate for all industries, 
and TEQP is the tax rate on equipment. Again, all terms specific to 
equipment can be replaced by those specific to structures. 

Inventory costs are calculated as 

CINV- = _[r_/(_l_U_M_;)]_(_l_-_U_M_;_B) 
' CINVr 

where B is the proportion of business capital financed by bonds and 
loans. CINVr can be calculated by replacing UM; with a national 
average and eliminating the denominator. 

Relative fuel costs. Relative fuel costs, RFC;, are based on the cost 
of fuel for commercial or industrial users as appropriate for industry 
i. The functional form for fuel substitutability is Cobb-Douglas and 
1s written as 

3 

RFC, = [I (RFEJ\ (47) 
j-1 

where RFEj is the exogenously determined relative fuel cost for 
electricity, residual fuel oil, and natural gas; and 77J is the share of 
fuel category j in industry i. 

Prices. Goods produced by industries are assumed to be sold 
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primarily in either national markets or local regional markets. 7 Goods 
and services in industries that serve national markets are also assumed 
to be priced at the average national price to be competitive, therefore 
sp; = I for these industries. The relative marginal costs of production 
determine the relative prices of goods and services that are regional 
in nature. Thus, spj = Pj from equation (33) for these industries. The 
price of housing is predicted according to changes in the regional 
share of U.S. population, which is a proxy for changes in population 
density. 

The elasticity of response of housing prices to population is 
estimated by 

DPHOUS = c DPOPSH, (48) 

where DPHOUS and DPOPSH are one-period growth rates in the 
relative price of housing and in a region's share of the U.S. population; 
e was estimated to equal 0.445 with a t-statistic equal to 4.079. 

Both national and regional industries produce for export and 
local demand. For regional industries, the delivered price of imports 
equals the price charged by local producers. The regional personal 
consumption deflator can be constructed as 

(49) 

where pc; is the weight of industry m the personal consumption 
column of the input-output matrix. 

Profits. Due to constant returns to scale, profits can be defined 
as profit per unit of output. Recalling that for national industries a 
uniform price exists across regions (P; = Pr = 1), normalizing average 
profits for the nation to equal zero (Pr = ACO, and subtracting 
equation (33) from P\' gives relative profit per unit of output, 1r;, as 

1r-I = Il-/Q·I = AC~ - AGII I 

= I _ af; (RLC;)"; (RCC;}8i (RFCi·; 
(50)

RFPROD; 
+ L a;j ( I - sp). 

j 

This formulation does not imply that profits are zero for industry i 
in the United States, only that they can be normalized to zero when 
relative profits are calculated. Relative profits are thus directly related 
to relative factor productivity and inversely related to relative input 
costs. 

7 Based on the REMI procedure for calculating exports in 1977, an industry is 
categorized as national if the sum of exports from all states equals one-half or more 
of total production in that industry. National industries include all manufacturing 
industries except stone, clay, and glass; printing; and petroleum production. Hotels, 
in the service industry, are also included. 
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The only term in equation (50) yet to be calculated is RfPROD,. 
Rearranging terms in equation (21) gives 

_= VAjEi Q.
RFPROD, VAi/Er ,. 

The term Qi incorporates an often neglected aspect of the productivity 
calculation. Moomaw (1981) showed the importance of incorporating 
differences in factor intensities into productivity calculations, and 
Malhotra and Garofalo ( 1988) reported that Hulten and Schwab's 
(1984) findings for regional patterns of productivity growth in the 
United States are reversed if capital is treated as a quasi-fixed factor 
in production because actual and optimum intensities diverge. 

Profitability is not calculated for regional industries because 
productivity differentials reflect location advantages that do not affect 
production at the margin. Productivity calculations for regional 
industries also may be more suspect at the two-digit level because of 
the greater heterogeneity of regional industries. 

Block 5 - Market Shares 

For a one area model, equation (2) can be written more succinctly 
as 

Q. == R D- + sku x~ (51)I I I I I' 

where D; is the sum of local intermediate demands and local final 
demands, Xr is interregional trade in the United States, including 
U.S. exports. The market shares R; and S~u reflect the relative 
competitiveness of the industry in the region. 

Most factors that influence a region's competitiveness are difficult 
to quantify. Therefore, the approach here uses cross-sectional meth
odologies to calibrate equation (51) to a base year (the last historical 
year for which the required data is available). The calibration produces 
initial estimates of the market shares that presumably reflect cross
sectional variation in location advantages. Changes in the market 
shares reflect changes in economic conditions that affect the com
petitiveness of industries producing in the region and, at the margin, 
induce firm migration or market expansion by existing firms. 

The 1977 Census of Transportation and generated supply-to
demand ratios provide the necessary inputs to estimate the regional 
purchase coefficient, RjT at the 466-sector level. 8 The equation is 
given by 

(52) 

8 A complete description of the technique and a report of its comparability to 
survey techniques can be found in Stevens et al. (1983). 
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where PSj77 is the percent of output at the four-digit level shipped 
to destinations within the region. It is reported by the 1977 Census 
of Transportation (U.S. Department of Commerce 1982) for manufac
turing industries and subjectively estimated for nonmanufacturing 
industries. The REM! 466-sector input-output model generates D1 in 
base year T, and j denotes the industry at the four-digit level. A 
cross-section equation (Treyz and Stevens 1985) was estimated with 
1977 data at the four-digit level and aggregated to the two-digit 
level. Any errors at the two-digit level for which observed values 
existed are maintained when the equation in the base year is applied 
to convert regional purchase coefficients from four digits, RjT, to 
two, R;.... 

Given R;T, exports are calculated as a residual, and the base year 
export share, S~r, is given by 

(53) 

For multi-area models, S~r can be obtained by rearranging terms m 
equation (3) such that 

Multi-area exports, Xrr, in the base year are 

X kr _ p5mr Qk R" Dk
iT - iT iT - iT iT, 

where superscript mr indicates the multi-area region and k, the area. 
The behavioral responses for Str are based on those for S~u. 

Equation (53) exactly predicts output in year T. Outputs might 
be predicted in other years using equation (51) and the calibrated 
market shares. For given values of local and export demands, however, 
predicted changes in market shares may reduce the differences 
between measured and predicted output. Changes in market shares 
should in turn be induced by changes in economic conditions, but 
the variables that explain changes in market shares differ for national 
and regional industries. A complete presentation of the approach 1s 
in Rickman and Treyz (1992). 

National industries. If a national industry becomes more profitable 
in a region, local· firms expand or firms from other regions relocate 
to the region to serve both local and export markets. The local share 
of local demand can change as the national propensity to import 
changes, and market shares at the two-digit level can change because 
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of a changing composition of three-digit industries. Equations reflect
ing the above hypotheses are 

1 2 3 

Ri, = RiT (RPROFAi,)., (R~~)., (IMIXi,)., (S 4) 
RPROFA;T RT IMIXiT 

and 

ku 

sit 
_ ku 

- siT 
(RPRQfA;,)f; (JMJX;,),t-2 

RPROFA;-r IMIX;T · (55) 

where RPROFA is a geometrically declining weighted moving average 
of an index of relative profitability (RPROF; = 1r; + 1), Rr denotes 
the U.S. regional purchase coefficient, and IMIX denotes industrial 
mix that captures differential regional representation in slow and fast 
growing three-digit industries within the two-digit industry. The 
equations for RPROFA and IMIX are 

RPROFA;, = RPROFA;ci-1i + 0.2 (RPROF;ct-lJ - RPROFAi(,-1)) 

and 

L (Ej-r/E;T) (E'./JE'lr)
IMIX- =-j_,i_______ 

It L (E'.J-r/EiT) (E'.iJE'.iT) ' 
j<i 

where j denotes the three-digit element within two-digit industry i. 
Substituting equations (54) and (55) into equation (51) gives a 

time-series equation for industry i. The time-series equations for all 
national industries, for all states plus Washington, D.C., and for the 
period 1969-87 were pooled together. Based on prior beliefs, the 
following restrictions were imposed: ¢ 1 = lf1, and ¢ 2= ¢ 3 = lf2 = 1. 
Thus, changing profitability affects the market shares proportionately. 
A I-percent increase in the national propensity to import increases 
all the regions' propensities to import by I percent, and a I-percent 
increase in industrial mix increases the market shares by I percent. 
Given the restrictions, taking the natural logs of both sides of the 
equation, and adding a random disturbance term gives 

In (Q;JRHS;,) = ¢ 1 In (RPROFA;,/RPROFA;T) + c., 
where 

_ (Ri1) (IMIX;,) ku (IMIX;,) u
RHSi, - R.-r RiT IMIX;-r D;, + S;T IMIX;T X it· 

The transformed dependent variable, QiJRHS;" can be inter
preted as the change in output not explained by changes in total 
demand, international competitiveness, or industrial mix. An ordinary 
least squares regression on the pooled data gave ¢ 1 = 1.83 with a 
t-statistic of 28.0 and 15,245 degrees of freedom. 
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Regi,onal industries. For regional marketsi any profit differentials 
resulting from productivity differentials apply solely to pre-marginal 
production. Productivity differentials reflect location advantages for 
existing firms. New firms migrating to the region share in the location 
advantage but their migration reduces profits of existing firms. 
Changes in market shares result from existing or new firms expanding 
their individual markets. 

Two avenues for market expansion are hypothesized. First, as 
the cost of production decreases, firms become more competitive in 
the export market and with imports. Second, markets are assumed 
to expand as a region's economy grows. Growth facilitates expansion 
of specialized parts of regional sectors precluded from local production 
until the market reaches a certain size. The hypotheses are formulated 
as 

R;, = RT SVA~1 SVA~~, (SPA;JSPA;T)"s, (56) 

s~u = s~T (SPA;JSPAT)€, (57) 

and 

SVA, = SVA,_,/SVAT, 

SPA;, = SPA;<,-o + Asp (sp;, - SPA;<,-1)), 

where SVA represents the region's share of U.S. value added, SPA, 
is a moving geometric average of sp; (see equation (33)) and Asp is 
the coefficient of adjustment. 

Equations (56) and (57) are substituted into equation (51) and 
estimated with nonlinear least squares. Because production cost 
changes are assumed to affect both market shares proportionately µ 3 

was restricted to equal l;. The results (and corresponding t-statistics) 
areµ,= 0.296 (I 15.4), µ 2 = -0.070 (-3.4), and µ 3 = -0.563 (-18.3) 
with 24,466 degrees of freedom. The most significant estimate for 
µ 3 was obtained when Asp = 0.2. The results confirm expectations 
that market shares increase both when a region grows and when 
industries become more cost competitive. A two-period lag for SVA 
also was added to the equation but was found to be insignificant and 
did not influence the other results. 

3. Policy Simulation 

Policy variables are not shown in the equations in section 2 but 
are built into the model to allow the us.er to exogenously perturb 
the desired variables in the model. The explicit, detailed structure 
of the model readily lends itself to a wide range of policy scenarios. 
For an example, see Treyz (1981). The REMI model allows policy 
variables to be substituted directly into the equations. Reduced form 
econometric models, on the other hand, preclude the use of policy 
variables if the variables do not change over the historical period, 
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and would lack statistical validity if the variables changed infrequently 
(Marschak 1953). Table I presents the key policy variables of the 
REMI model and where they enter it. 9 

To examine the dynamic simulation properties of the model, two 
sample simulations were run. One involved a demand shock to the 
economy and the other, a supply shock. To calculate the effects of 
the exogenous shocks to the economy, an unperturbed forecast, or 
control forecast, was run first. Then alternative forecasts correspond
ing to each exogenous shock were run. Comparison of the control 
forecast with each simulation showed the effects of the exogenous 
shocks. The specific model used for the analysis \fas a four-area 
model constructed for the South Coast Air Quality Management 
District, where the areas corresponded to Los Angeles, Orange, 
Riverside, and San Bernardino counties in California. The last year 
of history for the model is 1988, and the forecast period goes from 
1989 to 2035. 

To calculate the demand shock, an amount of exports of fabri
cated metals that would require five thousand employees in Los 
Angeles County to produce was added for each year in the forecast 
period. This represented a 7-percent increase in production of 
fabricated metals and an increase of 0.1 percent of private ,nonfarm 
production in Los Angele" County. 

As figure 2 shows, the total residence-adjusted employment effect 
in Los Angeles County is greatest in the first year. The initial increase 
in employment tightens the labor market, which increases both 
nominal and real wages. In turn, increased nominal wages reduce 
the competitiveness of both national and regional industries, which 
causes a loss of exports. The reduced competitiveness also increases 
import substitution, but the positive effect of grO\·\"th in value added 
on self-sufficiency for regional industries dominates the negative 
competitive effect. Migration increases, which mitigates the initial 
increase in wages, and housing prices and sales prices of regional 
goods increase, which further deflates nominal ,\·ages. 

The responses over time are gradual. Wage increases lag behind 
the tightened labor market, and export losses resulting from increased 
productio~ co_sts lag beh!nd ":·age !ncreases. ~he labor force gradually 
increases m size as net m-m1grat1on occurs m response to increases 
in real wages and employment rates. 

The endogenous response by the labor force causes the real 
wage and the employment rate to move dowrn,·ard tov;ard their 
control forecast levels. Concurrently, nominal wages and export losses 
stabilize. The increase in economic migration ceases in 1997 \-,:ith 
the employment rate above its control forecast level and the real 

9 Vectors of disturbances for specialized sectors and components of final demand 
can be calculated from the 466-sector national input-output table. For a detailed 
simulation, an option also is available to conjoin an input-output model with the 
REMI model (Stevens, Treyz, and Kindahl 198 l ). 
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TABLEI 
Polley Variables Used for SlmulaUon 

Block Category Equations Elements directly affected 

Consumer spending 4 
Investment spending 11 - 15 Within-state final demand 
Government spending 16 J 
Industry demand 1 Within-state demand 

I Industry output I Industry output 
Dividends, interest, & rent 5,6 
Residence adjustment 7 JTransfer payments 8,9 D;'Posabl, ;ocom, 

'I Personal taxes & deductions 101.1 

J Factor productivity 21, 33, 50 Factor demands, profits, prices 
2 Industry employment 21 Industry employment

1 

Birth rates 22 Births 
Survival rates 23 .Deaths 
Labor force participation rates 24 Labor force 

3 Retired migrant rates 25 Retired migrants 
Economic migrants 30 
Amenity attractiveness 30 Economic migrants J 
Production costs 33 
Labor costs (other thao wage rates) 34 Production costs 
Wage rates 35 J 
Occupational supply 37 Wage rates 

4 Business taxes & credits 38-46 
Fuel costs 47 Production costs 
Housing prices 48 j
Consumer prices 49 Consumer price deflator 

J Regional purchase coefficient 52,54, 56 Self supply 
5 Export share 53, 55, 57 Ex.ports 

wage below its control forecast level. Because of the Harris-Todaro 
(1970) specification that both the probability of being employed and 
the real wage rate influence migration, the effect of the employment 
rate being above its control level offsets the effect of the real wage 
rate being below its control level. The real wage rate multiplied by 
the relative wage mix is above its control level, however, because 
fabricated metals is a high-wage industry. Because of this and because 
increased production costs and housing costs are partially transmitted 
into nominal wages, the nominal wage rate remains above its control 
level. The ratio of Los Angeles County's tota_l change in output to 

.q l 
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FIGURE 2 

Effects of Demand Shock 
0.35 

.................................... 

r 
0.3 

0.25 

0.2 ., 
"-'l 
C 

.c"' 
u 0.15c., 
u 
I..,., 

0... 

0.1 

0.05 

0 

-0.05 
1990 2000 2010 2020 2030 

--- Real Wage Race ---+-- Res Adj Employmenc ....,.__ Labor Force 

the increase in exports of fabricated metals declined from 2.10 in 
1989 to 1.53 in 1997. For the entire four-county region the ratios 
were 2.26 in 1989 and 1.61 in 1997. The larger ratios for the total 
region reflect the stimulus to the other counties through the multi
area residence-adjusted income flows and trade flows. 

Additional reverberations in the economy continue after 1997 
and become most noticeable by 2020. Large numbers of migrants 
who arrived in the 1990s become retirement age around 2020. As 
figure 3 shows, the population over age 65 increases, which causes 
proportionate increases in dividends, interest, rent, and transfer 
payments due to the significantly greater per capita values of these 
factors for persons over 65 years of age. The region does not suffer 
labor force shortages when these migrants retire because many of 
them brought young children, or had children once they arrived, 
that will have become work force age by 2020. 

To calculate the supply shock, the amenity attractiveness of Los 
Angeles County was increased by an income equivalent of 1 percent. 
Though many attributes of the amenity attractiveness are fixed, 
attributes such as air pollution, traffic congestion, and noise pollution 
can be directly affected by governmental policies. Willingness-to-pay 
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FIGURE 3 

Effects of Demand Shock 
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measures for such amenity features are often available from other 
studies. 

A change in amenity attractiveness directly affects the rate of 
net migration. The income measure can be translated into a change 
in the amenity factor by using equation (30). By summing the 
coefficients for relative employment opportunity (REO) and relati\·e 
wage rate (R WR) and averaging the sums, the direct effect on the 
rate of migration of a I-percent increase in income is found to equal 
0.357. Consequently, the corresponding amenity attractiveness of the 
area is changed to reflect a 0.357-percent direct increase in the rate 
of net migration. 

Figure 4 shows that the increase in amenity attractiveness in
creases the rate of net migration above the control level. The first 
year increase is less than 0.357 because increased net migration 
reduces relative employment opportunity and relative wage rate, 
which mitigates the initial increase in migration. The real wage 
decreases because nominal wages decrease due to the increased labor 
supply and because increased land costs and housing prices outweigh 
reduced labor costs to increase the personal consumption expenditure 
deflater. Reduced production costs increase the production share of 
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FIGURE 4 

Effects of Supply Shock 
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both the export and local market, which stimulates employment 
growth. 

By 2007 the migration response is complete and even becomes 
negative as children of earlier migrants become labor force age. At 
this point the increase in the attractiveness of the region for migrants 
due to improvements in the quality of life has been exactly offset by 
the effects of drops in the probability of being employed and in the 
real wage rate. Alternatively stated, a I-percent income-equivalent 
increase in the amenity attractiveness of the area leads to a I-percent 
decrease in the value of the components of income to net migrants. 
The increased level of amenities become partially capitalized into 
land and housing prices, which increase 0.34 percent. Employment 
also increases by 0.45 percent. Employment growth in the total four
county region in 2007 is 5. 7 percent greater than the growth in Los 
Angeles county alone. 

4. Forecast Evaluation 

To evaluate the forecasting potential of the model, post-sample 
period forecasts for all fifty states plus Washington, D.C., were run. 

4,: 
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Each state was treated as a single region for the purpose of the 
evaluation. To determine the error in the forecast caused by the 
regional model, actual U.S. historical values were used in the post
sample period. Exogenous regional variables were maintained at their 
last sample period values. The mean absolute percentage error 
(MAP£) over all regions for each period is calculated as 

51 

LIA; - P;I/A 
MAPE = _i-_l-----
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where A; and P; denote actual and predicted values for region i. 
Table 2 contains MAPEs for several key variables for post-sample 
periods 1981-89 and 1985-89. Each year's MAP£ represents the 
cumulative error from the beginning of the forecast. 

The MAPEs for first-year forecasts in the two post-sample periods 
are of similar magnitudes, except for the consumer price deflater. 
The prediction error of the consumer price deflator in the first-year 
forecast of the 1985-89 post-sample period arises primarily from 
errors in forecasting the dramatic housing price increases in the I\" ev,: 
England states. Overall, the annual forecast error for employment 
declines with the length of the forecasting period. Therefore, the 
model appears to be comparatively more successful in long-term 
forecasting. 

The absolute percent0:ge errors are not uniform across states. 
The first-year forecasts of total employment in the 1981-89 post
sample period range from .01 percent to 5.38 percent with a standard 
deviation of 1.25 percent. For the ninth year of the forecast, the 
errors range from .11 percent to 18.3 percent with a standard 
deviation of 3.86 percent. First-year forecasts of total employment 
in the second post-sample period, 1985 to 1989, ·range from .003 

TABLE 2 
MAPE StaUsUcs 

1981 - 1989 1985-1989 

SelectedVariables 1981 1982 1989 1985 1986 1989 

Total employment l.57 2.67 5.48 1.36 2.50 4.2: 

Personal income 1.68 2.84 7.21 1.20 2.48 5.30 

Real disposable income 1.51 2.49 6.32 1.54 2.81 5.12 

Consumer price de fla tor 0.55 0.99 6.60 1.28 2.63 5.70 

Gross state product 2.00 3.52 6.71 1.51 2.61 4.8:3 
(1982 dollars) 

Wage rate 0.85 1.44 6.59 0.84 !.85 3.9':" 

Population 0.41 1.04 3.79 0.59 1.14 2.9€ 
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percent to 2.98 percent with a standard deviation of .22 percent. 
For the fifth year of the forecast, the errors range from .70 percent 
to l 0.4 percent with a standard deviation of 3.23 percent. 

5. Conclusion 

The REMI EDFS model possesses an explicit structure, detailed 
in this article, and is a useful tool for both regional forecasting and 
policy simulation. Much of its current structure reflects implemen
tation of research conducted since earlier versions of the model were 
published. Sample policy simulations illustrate the dynamic properties 
of the model, and validation of the model with post-sample forecasts 
for the 1980s shows its usefulness for regional forecasting. 

An advantage of structural models is that they can be updated 
as new theories emerge, new data sources are provided, and inno
vations in specifying and estimating econometric relationships de
velop. Ongoing research and development should continue to improve 
both the regional forecasting and regional policy simulation capabil
ities of the model. 
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difficult for two reasons. First, regional macro data is very limited and of poor quality, and 

second, the resulting set of equations has to fulfill a number of requirements if it is to be used 

in a regional model. 

In this paper we make maximum use of the Consumer Expenditure Survey time series panel 

of regional data to estimate individual consumption equations in a fonn suitable for incorporation 

into a regional macroeconomic model. We then use a minimum Chi-squared technique that 

utilizes these single equation estimates and our a priori restrictions to estimate the parameter 

set for our final set of equations. 

In the following sections, we review past consumption literature, establish the desired 

properties that are necessary for a set of consumption equations within the context of a multi

regional model, define the functional form of the equations to be estimated, discuss the data, 

present the estimated equations, and implement a method to generate the final equation 

parameters that meet our restrictions. Subsequently, we show that the set of equations confon11 

to our requirements and improve on the methodologies that are commonly used for regional 

structural modeling. Finally we demonstrate how these equations perform in a regional policy 

analysis model before concluding. 

2. Literature Review 

Consumption equations in the simplest regional input-output models allocate total household 

income to consumption commodity expenditures using the consumption vector in the natio::11 

input-output table. Tiebout (I 969) developed a methodology for splitting income between old 

and new residents and using a different consumption vector for each. Blackwell (1973) 
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expanded these categories to include a redistributive category for those who were previously 

unemployed. Another approach is to designate different consumption vectors by income class 

(Miyazawa, 1976). However, the link between industry incomes and household income classes 

is empirically difficult to model. Subsequent development extends the use of different 

consumption vectors to incorporate demographic information (Oosterhaven and Dewhurst, 1990). 

A consumption sector equation set that captures shifting national consumption patterns in a 

forecast period and local differences in consumption preferences is specified in Treyz et ;tl .. 

(I 992) as follows: 

C' = K' C" (RYD 'IRYI>"), (1) 
J J J 

where 

~; is a location-specific differential consumption measure for commodity j in area i derived 

from the Bureau of Labor Statistics consumer expenditure survey (CES) in a recent year. 

RYDi and RYDu represents real disposable income in the region and U.S., respectively, and 

Ct is consumption of good j in the United States. 

While these above approaches are able to account for some regional differences, they assume 

linear homogeneous changes in response to income and lack an econometric foundation. 

Funhennore, these methods do not reflect price responsiveness among the components of total 

consumption. 

A direct econometric approach is difficult due to the lack of adequate data. Conway ( 1990; 

circumvented this problem by using national data directly. West (1994) estimated consumption 
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equations for Queensland based on 11 years of data for 8 commodities. First, he estimated an 

equation for total consumption using current and lagged-disposable income, and a lagged

dependent variable with a constraint insuring that the long-run income elasticity was unity. He 

also estimated similar equations for each commodity using total consumption in place of 

disposable income. West used Zellner's (1962) seemingly unrelated regression (SUR) technique 

and reports results that he characterizes as fairly reasonable. In his system, there is no response 

to prices, and nominal consumption shares vary in the short run but remain fixed in the long 

run. 

A Cobb-Douglas form is used by Berick et al. (1996) in a California CGE modei. Here, 

nominal shares are constant and real shares by commodity shift as individual prices change. A 

CES structure might be used but presents particular problems in estimation and in meeting 

desirable modeling criteria. The almost ideal demand system (AIDS) specification, (Deaton and 

Muellbauer, 1980) is a feasible alternative but requires relative price and income elasticities to 

be linked and proved unworkable with our data set. 

An alternative to macro-specification is the use of micro-economic household survey 

inforn1ation. While this approach has a certain appeal, our major interest is in the response of 

a regional set of households that are all exposed to similar regional economic change. This 

response may differ from an aggregation of estimated individual household responses to a change 

in individual household income. See Blundell fil al. (1993) for a discussion of the issues 

involved. 

In this study we have chosen to use a macro-specification directly. We have also expanded 

the set of desirable properties to insure an equation set that conforms to accepted econorni:: 
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theory and produces accurate forecast and policy simulation results. 

3. Desirable Properties for Consumption Equations in a Multi-Regional Forecasting and 
Policy Analysis Model 

When choosing the specification of any set of consumption equations it is desirable to have 

the following standard properties: 

Criterion l Adding up. The conventional expression of the adding-up condition 

is that expenditures by commodity group add up to total 

income. In our framework, we allow for a residual 

category, savings. The share of real disposable income 

saved is assumed to be invariant with respect to prices 

and income. Thus, our modified adding-up condition 

requires that expenditure by commodity group add up to 

a rescaled income variable, where the scalar represents 

the average propensity to consume. 

Criterion 2 Homogeneity. Increasing all prices and incomes by the same proponion 

leaves consumption of each commodity unchanged. 

Criterion 3 Symmetry. Cross-price elasticities of income-compensated demand 

functions are equal, implying consistent choices. 

Criterion 4 Negativity. An increase in the price level reduces incom=-

compensated demand. 

See Deaton and Muellbauer (1980), pp. 43-45 for a fonnal statement of these properties. In 

addition to these standard properties, five other properties are important for multi-regional 
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modeling as follows: 

Criterion 5 

Criterion 6 

Criterion 7 

Criterion 8 

Criterion 9 

Selected explanatory variable set. Since regional consumption data has 

limitations, it is desirable to use a methodology that can 

predict consumption expenditures by incorporating 

available regional variables such as income, prices, and 

age distribution. 

Regional aggregation consistency. This insures that the sum of regional 

consumption in all the areas of a nation in the baseline 

forecast will equal the national forecast for that 

commodity. 

Separate effects for income per capita and population change. Following earlier 

work mentioned in the literature review, a regional model 

simulation should show different consumption effects for 

changes in income due to migration than for changes in 

income per capita. 

Age composition effects. Any age cohort-specific effects on consumption of 

particular commodities should be reflected in simulations 

with an economic/demographic regional model. 

Maximum use of regional data available. Use of all regional data available to 

estimate response parameters and to estimate unexplained 

consumption differences (individual effects) by region and 

by commodity. 
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The above criteria will be used to evaluate the final equations that are developed here. 

4. Functional Fonn 

The functional form that we choose for our consumption equation follows that proposed by 

Stone (1954). 

(2) 

where 

13 
~•-I 

C.1C 

::-1; Q=I -1.: 
r II pw 

P, = • P,-1 t > I (3) 
13 

II pw 
l/·I 

O.r - I 
Q=I 

and 

13

'°"w =L ,.1-1 
/=l 

C-1.,= consumption of commodity j in area k in time period t 

J\/1= the population in area k in time period t 

RYD\ = real disposable income in area k in time period t 

P-1.1 = the price of commodity j in area k in time period t 

Wu= the proportion of commodity f in time t in total nominal U.S. consumption 
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Z'c= a demographic variable specified by Fair (I 99 I) and as follows: 

18z: = I:-\I 
i •I 

where 

S, = the share of the population represented by the five year cohort j 

}; = the number of each cohort starting with I for the first cohort 

We also experimented with a second order z,k term but found that its inclusion was not 

supported by the data_ 

5. Data 

There are thirteen major components of consumption for which time series are available in 

the national income and- product accounts (NIPA). No data exactly match these series for 

regions of the U.S. The data that most closely matches the U.S. NIPA time series come from 

the Consumer Expenditure Survey (CES) and are available from I 987-1993 for 26 metro regio:1s 

in th~ U.S. This metro data is grouped in two-year overlapping groups by CES due to r:ie 

inadequate sample size for single-year cohorts. We used the four groups ('86-'87, '88-'89. '9J

'91, '92-'93) that did not include an overlap in years. We also used similar data which 2~e 

available annually for four major U.S. regions from 1984 to 1993. These two data sets we: 

used to apportion U.S. Consumption by commodity to local areas for 11 out of th~ : 3 
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consumption series. 

The CES data for health services account for only out-of-pocket medical expenses and are 

therefore inadequate for our purposes. However, the medical industry, for which time series 

data is available for all states from 1970-1993, supplies 93 % of the health services consumption 

category (the other 7 % comes from the insurance industry). Since the medical industry also 

delivers most of its output to private final consumption, it is possible to calculate a series that 

serves as a proxy for personal health care consumption by subtracting intermediate industry and 

other final demand from industry output. 

The personal health care consumption series is constructed by subtracting all intermediate 

and other final-demand uses for the medical industry's output from its total output, which gives 

a proxy for the amount of medical output that is supplied to consumers. This proxy includes 

changes in the exports and imports of these services. However if we assume that the exports 

and imports of these services remain a fixed proportion over time, we can then assume that the 

rate-of-change in the industry within a state is a good indication of the rate-of-change of locaJ 

use of the output of that industry. The assumed fixed share that is imported or exported will 

be captured as a fixed or random effect in our panel estimation if this proportion is not 

correlated with one of the explanatory variables. The proxy data across all states is normalized 

using __ NIPA health care expenditures, to insure that it adds up to the appropriate national 

consumption series. It is then used as a measure of state-Jevel health care consumption. 

A housing services consumption proxy for each state was calculated using value added 

estimates by state for the real estate industry, and the same procedure that was used for health 

care. A large proportion of housing services is imputed rent. 

9 

:::i / 



The price series used for this analysis comes from a simultaneous solution for industry 

prices, relative to the U.S., assuming that regional industries (those that typically sell more than 

50 % of their output in state) base their prices on local factor and intennediate input costs (Treyz 

et al. 1992). A bridge matrix which indicates the proportion of each industry in the composition 

of the consumption commodity is applied to the relative industry prices to generate state specific 

relative consumption commodity prices. These prices, once multiplied by the corresponding 

U.S. commodity price, are used as commodity prices in the model. 

The aggregate consumption price index is a chain weighted index as shown above. The U.S. 

nominal weights of the previous year are used in each case to establish the change in the price 

index from year to year. 

Real disposable income (RYD) is calculated by dividing disposable income by the price 

index. Disposable income and total population (N) is reported by the U.S. Department of 

Commerce, Bureau of Economic Analysis (BEA) (1994, I 995) for each area. The population 

by five-year cohorts is from the U.S. Department of Commerce, Bureau of the Census (1992) 

and extended through 1994 using the REMJ demographic model calibrated to BEA totals. 

6. Econometric Estimation and Regression Results 

The equations were estimated using the time series panel data described above. Each 

commodity was specified in a logarithmic fom1 of equation (2) above. All commodities except 

housing and health care had san1ples comprised of the 25 (we omit Anchorage) selective MSA" s 

and 4 major regions that C. E. S. tracks (nt = 140) . Each of these 11 commodities define an 

unbalanced panel. Since the samples for housing and health care expenditures were constructed 
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across 5 I states for the period 1970 through I 992 (23 years), the sample size for each of these 

commodities is 1173. These fonn balanced panels. 

Since. time is specified linearly, there is no need to specify a period-effect. An O.L.S. 

estimation with region-specific dummy variables was performed on each commodity. The 

decision was made to implement the fixed-effects (FE) estimator over the random-effects (RE) 

estimator on the basis of greater consistency while foregoing some efficiency gains in the 

estimates. These 13 one-way fixed-effect models were each compared with the results of their 

respective O.L.S. estimations (without group dummies). F-test statistics indicate the FE model 

is appropriate for each commodity. 

Consideration was given to possible simultaneity bias in the estimates on both [RYDIN]' and [P IPf
1 

since predictions of income, prices and consumer expenditures in the regional model structure 

are fairly simultaneous. Both RHS variables were instrumented using an exogenous variable set 

drawn from the REMI EDFS modeling system. 2 The one-way FE model was re-estimated with 

instruments for the income-per-capita and compensated commodity price concepts. 

Insert Table I here 

A Hausman test statistic was calculated between the non-instrumented and instrumented 

estimations for each commodity. Based on this, statistic, we rejected the use of non

instrumented results. These previous estimates are shown on Table 1. 

2 Available from author 
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6. Restricted Estimation Set For The Consumption Equations 

The individual equation estimates above indicate a preponderance of positive income 

elasticities and of negative own price elasticities. Three commodities have income elasticity 

estimates of less than unity. From budget studies of spending by households in different 

income categories, these three commodities show below average increases in budget share as 

we move from low to higher income families. The income elasticities greater than one fall 

into two groups, those with elasticities between I. 26 and 2. I 6 with negative price elasticities 

and those with income elasticities above 3.00 and with unacceptable positive own price 

elasticities. 

The estimates as given, if put into a model, would not meet many of the criterion that we 

have set forth above. Therefore, we follow Blundell et al. ( 1993) and use a Minimum Chi

Square (MCS) technique. We designate two income-elasticity groups. The first is a low-

income elasticity composed of those commodities with elasticities below one, and secondly, a 

high-income elasticity group, including all of those commodities with single-equation 

estimated income elasticities above one. We also restrict own-price elasticities to a single-

elasticity estimate. More fonnally, the problem can be stated as: 

A1inimi::e 

(-4) 

The resulting price elasticity is -y = -.86 and the resulting low and high-income 

elasticities are f3L = .241 and f3H = l.38 respectively. 
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In an ideal world, one would wish that the restrictions imposed would meet a strict 

pooling test or be included in the 99 % confidence interval of all the single-equation 

estimates. Yet, this is not the case. Nevertheless, more than 80 % of the coefficients would 

meet this later test. Another way to view the choice presented here is to compare the 

closeness of the estimates obtained to the single equation results with the default elasticities 

of zero-price elasticities and unitary income elasticities for all commodities. In this 

comparison, the restricted estimates that we obtain are closer to the single equation estimated 

parameters than zero-price. elasticities for almost 70 percent of the price elasticities and 

unitary-income elasticity for more than 90 percent of the income elasticities. With tlus 

evidence, it would appear to be a gain to incorporate these new estimates instead of zero and 

unitary elasticities until such time when more data is available. 

The next step is to estimate the individual effect for each metropolitan area and each of 

the four major regions of the country using our panel data. This is done for the 11 series 

where appropriate consumption data is available. The individual effects for metro areas are 

attributed to each county in that area and the non-metro area counties are assigned their 

corresponding major region value. 

Finally, to complete the specification of the equation to be used in the model, we di\·ide 

by a ~_imilar national consumption equation. The intercept of th.is equation is chosen in such 

a way that the consumption predictions across all states add up to the total consumption for 

the U.S. by commodity. The final equation is as follows: 
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In this equation the values with a superscript u stand for U.S. values from a 

baseline forecast. They act as fixed parameters within the framework of this model and, 

therefore, they only effect the calibration of the baseline forecast. Thus, equation 2 is 

preserved by setting 8i1 equal to the extracted value of all the variables with u superscripts. 

In the equation represented in (5), the regional aggregation of all areas(k) very closely 

approximates the U.S. consumption of that commodity. 

8. Meeting the Modeling Criteria 

Criterion I Adding up. 

Criterion 2 Homogeneitv. 

Criterion 3 Svmmetry. 

The adding up properties with our consumption equation. 

in combination with the restriction imposed on equation 

(4) which is included in the model structure, are met for 

price changes and approximately met for income changes. 

(A one percent change leads to less than . 01 1c 

discrepancy). 

The homogeneity property is met by construction. 

This property would be met if weights were invariant. 

income elasticity was equal to 1, and price elasticity ,,·as 
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equal to minus one. We only meet these conditions 

approximately. However, given that we are modeling 

aggregate consumption, there is no reason to expect that 

it should have this property in any case. 

Criterion 4 Negativity. Our equation set and parameter estimates meet the 

negativity criterion. 

Criterion 5 Endogenous effects of income, prices, population and age structure. This 

condition is also met. All of the key endogenous 

variables that influence consumption are represented in 

the consumption equation so that simulation results with 

the model will not be under-or-over stated due to 

misspecification of the model. 

Criterion 6 Regional aggregation. Both theoretically and empirically, this equation structure 

yields forecasts by state that very closely approximate 

total consumption in the U.S. In the absence of area

specific individual effects, as represented by the area

specific estimates, shifts of people or income among 

areas would only affect U.S. consumption to the extent 

that it leads to a change in the inequality of income 

distribution. The inclusion of individual effects mea:is 

that the model will also capture shifts in consumption b1 

commodity due to different spending patterns in different 
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parts of the country (e.g. more fuel oil in New England). 

Criterion 7 Different effects for income per capita and population changes. This condition 

is met by our equation. For example, an increase rn 

income per capita will lead to a higher proponionate 

increase in automobile than medical consumption while 

an increase in the size of the population due to migration 

will lead to equal proportionate increases for all income 

categories. 

Criterion 8 Age composition effect. Age composition 1s an important pan of the medical 

expenditure equation. 

Criterion 9 Use of regional data. Is met both for its use in estimating the equations and in 

its use for estimating individual effects for all areas. 

9. Demonstration of Use 

To demonstrate the perfom1ance of these equations in the model, we have introduced a 10 % 

investment tax credit for ten years staning in I995 as one of the components of a hypothetical 

fiscal policy change in Pennsylvania. For simplicity, we do not include any tax increase or 

government spending reduction that would offset the revenue loss from the tax credit. 

In figure I, we show the population and income effects of this policy as a proportion of th-: 

control forecast. Real disposable income increases immediately due to price reductions in 

regional industries, in which lower business costs are passed on to consumers. AdditionaU:,. 

16 



prices m industries benefiting from the tax credit are reduced and are transmitted to the 

commodities using inputs from these industries. 

Population increases as higher real wages and employment demand attracts migrants to the 

state. Employment gains are caused by improved competitive conditions, reflected in lower 

prices or higher profits for firms located in Pennsylvania that lead to increases in local and 

external market shares. The higher self-supply and exports in turn lead to further output 

increases over time. Higher wages mitigate the competitive improvement, and the in-flow of 

migrants erodes the per capita income gains. 

Figure l follows here 

Against this background, figure 2 shows the expenditure effects on three consumption 

commodities. In the initial year, consumption of other non-durables (mainly tobacco products) 

bearly increases despite the income increase. Consumption of this commodity changes little 

since it has a low income elasticity and because its price has a relative increase. The investment 

tax credit affect on relative prices is in proportion to capital intensity. In this case, other non

du rabies is the least capital intensive, furniture is next, and household operations (mainly 

electricity and communications) is the most capital intensive. The increase in both furniture and 

household operations show gains due to their high income elasticity and relative price changes. 

Figure 2 follows here 
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Over the next ten years of the simulation, the increase in these two high income responsive 

industries is very small. This is the net effect of decreases in the per capita income gain and 

increased population due to inward migration. The steady increase in expenditure for other non r 
' 

durables shows that the effect of the population increase dominates the decrease in income per 
,-

capita on this commodity because it has a low-income elasticity. 
l 

r 
< 

IO. Conclusion 

The consumption equation developed, estimated and used here meets six and 

approximately meets the other three out of the nine criteria necessary for a structural model 

that is based ultimately on assumptions of utility maximizing behavior. This equation 

increases the realism and accuracy of policy analysis uses for a regional or multi-regional 

model. Its empirical estimation is based on the regional data set currently available and will 

be enhanced as additional years of data are collected and released. 
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Table 1. Fixed Effects Instrumental Variable Estimates 

p 
(income) 

Standard 
Error 

-y 
(price) 

Standard 
Error 

z 
(age) 

Standard 
Error 

adj R2 

Non-
Durables 

-.07 1.53 -2.7 2.9 .517 

Health Care -.12 .16 -1.3 0.1 .254 .028 .995 

Housing .92 .23 -0.8 0.1 .988 

~ 
1.1 

" 

Food 

Transp. 

1.26 

1.36 

.35 

.44 

-1.0 

-2.0 

0.6 

0.9 

.931 

.901 

f 
:1 
,_ 

J 
7 

Household 
Operation 

Durables 

Services 

1.44 

1.53 

1.62 

.35 

1.01 

.44 

-0.8 

-5.2 

-1.8 

0.4 

2.9 

0.7 

.934. 

.578 

.913 

-
' .i 

Gasoline 

Furniture 

1.85 

2.16 

.56 

.69 

-0.4 

-1.0 

0.1 

. 1.3 

.919 

.865 

Clothing 3.02 .65 2.3 1.5 .856 

Fuel 4.18 1.46 0.4 0.4 .943 

Autos 4.65 .92 1.6 I.I .711 
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Abstract 

We estimate the determinants of regional labor force participation 
rates ,vith panel and cross-sectional data sets. The panel analysis is 
gender-specific and offers estimates of regional unexplained time in
variant effects and time trends. The cross-section analysis is gender-, 
age- and race- specific. In order to correct for the well known weak
ness in cross-section regression we introduce the regional unexplained 
time invariant effects as explanatory variables in the cross-sectional 
analysis. We find that there are differences between the genders, age 
cohorts and races and that the regional unexplained time invariant 
effects are significant. This implies that modeling at aggregate levels 
introduces considerable composition bias. 
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1 Introduction 

The short-run and long-run dynamics of a regional economy's response to an 

exogenous shock depends in part on demographic composition. Different de

mographic groups within a regional economy respond differently to the same 

shock. Labor market behavior varies by race, gender and age. \Ve find that 

the answer to the question H1ho Benefits from Local Job Growth'? (Bartik, 

1992) depends to a significant extent on· the local demographic composition. 

The purpose of this study is to estimate regional dynamic labor force par

ticipati;n rate equations disaggregated by demographic groups. In national 

and regional modeling, demographic composition is often overlooked in labor 

force construction and prediction. Blanchard (1992) and Bartik (1992) in

vestigate the determinants of regional aggregate participation rates without 

considering racial, gender and age composition. Demographic aggregation is 

not an issue if the various groups' participation behavior is homogeneous or 

the demographic composition is static. Since participation rate levels and 

beha\·ior differ by demographic groups, a significant amount of composition 

bias in the estimates is introduced in aggregate participation rate estimation. 

Empirical studies find significant differences in participation rate levels and 

marginal responses to economic and demographic variables. Bartik (19_92) 

offers a brief summary of the empirical research in this area. 

The estimation of regional labor force participation rate equations is prob

lematic since the modeler must choose between panel or cross-section dat2. 

sets. The Current Population Survey (CPS) contains annual state and IvfSA 
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1 
II 

participation rates by race and gender. The 1990 Census contains tISA and 

state participation rates by race1 gender and age. Panel estimation using 

CPS data allows for the estimation of long-run and short-run dynamics, re

gional unexplained time invariant effects and time trends. However, the lack 

of age disaggregation for the race and gender groups introduces composition 

bias in the estimates. Cross-section estimation for the 1990 Census allows 

the specification of participation rate equations by race1 gender and age. 

\Ve specify and estimate dynamic econometric models for the aggregate 

panels ~nd disaggregate cross-sections. \Ve introduce the panel's regional 

unexplained time invariant estimates as explanatory variables in the cross

section regressions. \Vherever appropriate1 the panel and cross-section vari

ables are adjusted in order to diminish compositional bias. The panel esti

mations provide time trend information and a point of comparison with the 

cross-sectional results. 

In the following section we discuss the theoretical background of partici

pation rate behavior. Section 3 describes the regional and temporal changes 

in population and participation rates. Section 4 and Section 5 present the 

econometric issues, variables and results for the panel and cross-sectional 

analysis respectively. Finally, Section 6 offers a conclusion and suggestions 

for further research. 

2 Theoretical Background 

\Ve divide the determinants of participation rates into the following cate

gories: regional labor market conditions, competing non-market activities, 
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demographics, education and dynamics. This categorization is not necessar

ily disjoint. 1 

The regional labor market conditions include factors that contribute to 

the definition of the local economic structure, such as job search cost, em

ployment opportunity, real wages and household income. Job search cost 

is reduced by increases in employment opportunity. (Cogan, 1981). This 

should increase participation rates. A persistent reduction in employment 

opportunity will increase the discouraged worker effect. 

\Va9es can have a negative or positive impact on participation rates. For 

a household, the income effect of an increase in the wage of the highest ,vage 

earner may induce the lower wage earner to exit the labor force. On the 

other hand, a higher real wage can lead to a household member entering the 

labor force in order to substitute away from non-market activities towards 

employment. 2 

Competing non-market activities include having children, raising children 

and attending school. \Vhen parents exit the labor force to have or raise 

children the participation rate of the r~gion decreases. Attending school 

competes with labor force participation for certain age groups. 

The major components of human capital formation are years of schooling 

and ,vork experience. The level of human capital formation is positively 

related to the level of education and work experience. A higher level of human 

1 \\"e depart from the theoretical microeconomics categorization since we observe par
ticipation rates at the regional level and not as a binary choice of individuals. 

2 The term non-market activity can be household production or leisure, see Becker 
(1991). 
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capital formation increases the actual and expected return to employment 

and, therefore, participation rates. (Grounau, 1986, Cogan, 1981). A caveat 

is that past employment and higher educational attainment are associated 

with greater lifetime asset accumulation, which can result in a positive income 

effect. This may lead to an early retirement from the labor force thereby 

reducing participation rates. 

Certain demographic characteristics vary between regions. Ethnic com

position and family structure vary between regions and should be accounted 

for. 

Dynamics are important in modeling short-term and persistent responses 

to key economic conditions. Participation rates are related to present and 

past values of employment opportunity or past participation rates (Blan

chard, 1992 and Bartik, 1992). This is partly based on the premise that past 

employment increases the likelihood of future involvement in the labor force 

(Eckstein and \Volpin, 1989 and Gay and \Vascher, 1989). 

Population and Participation Rates 

In this section, we present and describe the participation rates by race, gen

der, age and region. \Ve divide race into three categories: white, black and 

other. The choice of using the category, other, which does not include whites 

or blacks, is dictated by the availability of adequate data allowing further 

disaggregation. 

The US racial composition by gender for 1967 and 1993 is displayed in 

Table 1. The percentage of blacks and others increased for both genders. 
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The racial composition for two age cohorts, 16 to 17 years of age, and over-

65 for 1967 and 1993 is presented in Table 2. The percentage of blacks and 

others increased for both age cohorts while the percentage of whites declined. 

The changing racial composition in the population is due to different sources 

of immigration into the US and differences in birth and survival rates by 

racial groups. The large differences between the younger cohorts indicate 

that further dramatic changes in the population distribution will occur in 

the future. In addition to shifts in racial composition, substantial changes 

have o<:curred in the regional distribution of the population between 1967 

and 1993. 

Male and female participation rates for various age cohorts are plotted 

for the years 1967 through 1993 in Figure l. It is apparent that female 

participation rates have increased, and male rates declined over time. The 

general decline in male participation rates is more dramatic for the older age 

cohorts. The female participation rate trends are not uniform and exhibit 

a larger variation than those of their male counterparts for most of the age 

cohorts. The changing social structure and attitude of female enrollment in 

higher education, family life and employment is evident in the observation 

that until the mid-1980s, the female participation rate of the 20 - 24 age 

cohort is higher than the 35 - 39 age cohort. Younger male and female age 

cohorts exhibit a significant cyclical component around a trend, indicating a 

relatively greater labor supply sensitivity to the business cycle. 

The participation rates by race and gender are plotted across age cohorts 

for 1967 and 199:J in Figure 2. The hump shape (inverted U) is not surprising 

6 

78 



and indicates the importance of age disaggregation. 'White males exhibit 

a shift showing the largest participation rate decreases in the 55 - 70 age 

groups. Black and other males exhibit a different temporal shift across age 

cohorts. The younger black male participation rate decline is larger relative 

to their white counterparts. Barring a couple of exceptions, the participation 

rates of \vhite males are higher than those of non-white males in 1993. The 

plot for white female participation rates in 1967 across age cohorts shows 

(approximately) a bimodal ( double hump) shape. Black female, other female 

and 19~3 white female participation rates form a single .hump shape. The 

largest increases in female participation rates are for the 20 to 54 years of age 

whites. vVith a few exceptions, black female participation rates. are higher 

than white female rates for 1967. The reverse is observed for 1993. The older 

age cohorts of black and other females exhibit a decline in participation rates. 

Hispanic ethnicity crosses racial lines, Figure 3 illustrates that there are 

considerable differences in participation rates between white female non

Hispanics and white female Hispanics across age cohorts in 1990. 

It is apparent from this brief description that participation rate trends 

and patterns vary by race, gender and age. The aggregate participation 

rates for the US by age cohort are a reflection of the white rate since whites 

constitute over 84 percent of the population. Since regions exhibit different 

racial compositions, the disaggregation of participation rates by race, gender 

and age is important in understanding regional labor force behavior. 

In order to remove the influence of race and age, an adjustment is applied 

to the regional CPS male and female participation rates. The adjustment 
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variable is generated by weighting the US race and age participation rate by 

the regional populatiQn of each demographic group. This value is divided 

by the US race and age participation rate weighted by the liS population of 

each demographic group. 3 

This adjustment variable is divided into the gender specific CPS par

ticipation rate. The 1993 adjusted and unadjusted participation rates are 

plotted in Figure 4. Note that the states exhibit large variation by either 

measure. Those states that are below the 45-degree line have an above aver

age rep_!'esentation in cohorts with high US participation rates. For example, 

Alaska's (AK) female unadjusted rate is 67 percent and adjusted rate is 58 

percent. This indicates a high representation in those race and age cohorts 

that have high participation rates at the national level. On the other hand, 

Florida's (FL) female unadjusted rate is 54 percent arid adjusted rate is 58, 

reflecting a high representation of age and race cohorts \vith low participation 

rates. 

Using gender-specific regional adjusted participation rates, we examine 

the changes for two points in time. The 1977 and I993 adjusted state male 

and female participation rates are plotted in Figure 5. The regional female 

participation rates are above the 45 degree line indicating a universal increase. 

The difference in the increase varies widely between states. For example, 

Nebraska (NE) and Iowa (IA) show dramatic increases while California (CA) 

does not. The adjusted state male participation rates generally declined, with 

_ _ 
3 A; = (L.i=I PuJNi,i/L'J N;J)f(LJ=I Pu,jl'.;u.ifLJ=I A'u,j), wh<:re A is the compo

s1t1onal adjustment for region i, Pu.i is the participation rate for the j age-race cohort in 
the US and Ni,j is the population in the j race and age cohort in region i. 
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a few exceptions. Both figures display the existence of regional variation 

and changes. It is evident that the US labor force and participation rates 

necessitate a bottom-up approach from a modeling perspective. 

if,I 4 Panel Estimation 

1 
,I 

\Ve esti~ate gender-specific adjusted labor force participation rate equations 

in a panel framework. The cross-sectional observations are the 50 states and 

'Washington DC. The time span is 1977 -1993. A restriction on the slope C?

effi.cients across regions is imposed and we allow for regional unexplai~ed time 

invariant effects and time dummies. The regional unexplained time invariant 

effects will serve as explanatory variables in the cross-section participation 

rate equations, which follow in Section 5. 

4.1 Econometric Model 

A formal econometric representation of the gender-specific labor force par

ticipation rate equation is 

i= 1,2, ... ,51 

t = 1977,1978, ... ,1993 

t:i, ~ iid(O, a;) 
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(2) 

r 
,\ E (0 1 1] 

The time variant variables P Ri,, RWRi, and EAii are in logs. The 

gender-specific labor force participation rate of region i at time t is denoted 

r 
i 

by P R,11 RvV R is the regional real wage rate1 E is the regional employment 

divided by the population 16 years of age and older, Z, is 2. column vec~or 

of regional sp_ecific time invariant variables, µi is the regional unexplained 

time invariant effect4 
1 01 is a time dummy coefficient and ei1 is a general dis

turbance term.5 The time variant variables 2.nd most of the time invariant 

variables are adjusted where appropriate to eliminate race and 2.ge bias. This 

is an important consideration since the regional unexplained time invariant 

effects need to be purged as much a~. possible of any inherent composition 

bias. The appendix discusses in detail the data sources and construction of 

each variable. 

The effect of R~V R on labor force participation is theoretically undeter

mined. A positive sign indicates that the substitution effect dominates the 

negative income effect. In a model with a. traditional family structure, RWR 

could result in a. positive coefficient for male participation rates c.nd negati\·e 

for females. 
4 This is generally termed 2. fixed or random effect. 
5 The modeling of spatial 2.utocorrelation is not \':arranted in (;, ?.nd/o;: PR;: since the 

regional level is states and there are no apparent theoretical re2.3ons to expect significar,:. 
spill over efiects between most states. 
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the negative income effect. In a _model with a traditional family structure, 

R~VR could result in a positive coefficient for male participation rates and a 

negative coefficient for a females. 

The variable EA(A) captures the dynamic effects of general employment 

conditions on labor force participation rates. The short-run and long-run 

effects of EA(.-\.) are determined by the numerical value of the speed of ad

justment, .-\.. A higher value of ). indicates that general employment condi

tions have a more rapid impact on labor force participation rates. There are 

four compelling reason.s for a positive coefficient on EA(>.) : (i) the discour

aged worker effect is stronger than the extra worker effect, (ii) an increase in 
ff 

!, 

employment opportunity reduces the cost of job search, (iii) human-capital 

formation with respect to past employment for ,\ E (0, 1) and (iv) farnrable 

individual and community habit formation with respect to employment. 

\-Ve considered other variables to capture dynamic effects of labor mar

ket conditions on labor force participation rates. \Ve rejected the use of the 

regional unemployment rates due to measurement error, (Bartik, 1991). If la

bor force measurement error exists then it would appear in the participation 

rate and the unemployment rate, leading to bias in the estimates. Bartik 

( 1991) suggests using different data sources for the participation rate and 

the regressors. We use establishment based BEA employment data in -con

structing our regressor \-ariable, EA(.\). A considerable amount of rele...-2.nt 

regional educational and demographic data are not available on an annual 

basis. \Ve use the 1990 \"alues for the time invariant variables. 

The time invariant variables are not identical for each gender, although 
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there is a considerable overlap. Common to both genders is the proportion of 

the regional population in rural counties RURAL, the proportion in a family 

with two parents and at least one child Cl-VG, the proportion of college degree 

holders COL, the proportion of the population that did not complete high 

school NOH, and HISP the percent Hispanic. The natality rate, N R, is an 

explanatory variable in the female participation rate equation. The variables 

CWG, COL, NOH, HISP and NR are adjusted to remove composition 

bias. 

\Ve ?-5Surne a priori that the time invariant variables are exogenous and 

asymptotically uncorrelated with /Li and €it• Theoretical reasons exist for the 

asymptotic correlation between the time varying variables and €it• 

4.1.1 Econometric Methodology 

\Ve follow a t\vo step strategy to estimate equation 1. The first step involves 

estimating .,\ and the coefficients of the time variant variables. The second 

step involves estimating the coefficients of the time invariant variables. 

The parameters to be estimated in the first step are 1 , {3, o and .,\ . De

meaning (1) by region removes the time invariant variables and coefficients 

where the subscript i- denotes the mean value of a variable with respect to 

region t. 

The above equation is estimated by Least Squares (LS) and Two-Stage 

Least Squares (TSLS). The instrumental variable list includes a collection of 
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regional variables that are considered pre-determined in a larger simultane

ous equation model of Treyz (1993), of which this equation is considered a 

member. These estimates· are generally called with-in group or least squares 

fixed effects estimates. The optimal >. is estimated by a grid search with the 

TSLS procedure that minimizes the sum of the squared residuals. This is 

done to insure consistent estimates due to the possible asymptotic correlation 

between t:i1 and the time variant variables. Notice that the asymptotic corre

lation of the time variant variables and µi is not an issue since it is removed 

in the demeaning process. The grid search is conducted on the following 

sequence: {0.1, 0.2, ... , 0.9, 1.0}. A Hausman test is performed between the 

LS and TSLS estimates. 

The second step involves generating the following variable: 

and performing the between group estimation of the time im·ariant variables 

Jti ~ iid(0, o-!) 

The above procedure provides estimates that are consistent. 6 

6 Based on a Hausman test for the time variant regression the Random Effects estimator 
was rejected. In light of this, ,,·e decided not to pursue a GLS Random Effects estimator 
that can simultaneously estimate the time variant and invariant variable coefficients. 
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4.1.2 Results 

The estimation from the time variant regressions are 1isplayed in Table 3 

and Figure 6. The results from the time invariant regression are displayed in 

Table 4 and Figure 7. 

The time variant regressions exhibit a high adjusted R2 
• The LS estimates 

are the preferred estimates for males and TSLS for females. The time vary

ing variable coefficients are significant for each gender. The sign on RWR is 

positive for males and negative for females, thus implying that an increase in 

the real- wage increases male and decreases female participation rates. The 

optimal,\ values indicate that female participation rates exhibit an immedi

ate response to the general employment conditions ·while male participation 

rate respond with delay. 

The time dummies are graphed separately by gender and verify the trends 

mentioned in Section 3. An F - test performed for each gender rejects the 

hypothesis that the time dummies are all equal. The unexplained drop in 

the participation rate for males is approximately six percentage points while 

the female participation rates increase approximately seventeen percentage 

points, approximately one percentage point a year on average. 

An F - test performed for each gender rejects the hypothesis that the d; 

are all equal. This implies that there are time invariant differences among 

regions. The question that the time invariant regression answers is to what 

extent these are unexplained. 

The time invar·iant estimates are presented in Table 4 and Figure 7. The 
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adjusted R2 for males is 0.093 and the F is 0.927, indicating that the sig

nificance of the regression is low. However, NOH is significant at the 15 

percent level of significance. The coefficient is negative indicating that not 

completing high school reduces male participation in the labor force. This 

fits the view that with less human capital the return from participating in 

the labor force is lower. The results of the female time invariant regressions 

are more promising. The variables that are significant at the 15 percent level 

are C~VC, NOH and HISP. The sign of NOH is negative and smaller than 

the m~le coefficient. The variable civc exhibits a negative sign on female 

participation ,vhile it is not significant for males. A similar result is found 

,vith respect to HISP. The results ,vith respect to Give and HISP imply 

that traditional family structu;e behavior is present in the overall population 

and in particular among Hispanics. 

The male and female regional unexplained time invariant effects µi are 

displayed in Figure 7. There is approximately 3.2 higher variation between 

the female µi than between the male, implying a larger unexplained regional 
.. 

variation between female participation rates than between male participation 

rates. The correlation between the male and female µi is 0.62. The µi 

estimates correspond to so-called first nature properties, (Krugman, 1993). 

Cross-Section Esthnation 

Since we have adjusted most of the variables in the gender-specific panel 

estimation with respect to age and race composition and included the percent 

Hispanic as an explanatory variable, the demographic composition bias rn 
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the µi coefficients is minimal. The cross-section regressions irn·olve a more 

detailed level of race-age aggregation, due to availability of data that is not 

available at the regional level across time. However, a fundamental drawback 

to cross-sectional analysis is that regional unexplained time im·ariant effects 

are not identified. This can produce inconsistent estimates. 

f 
i 

f 
I 

5.1 Econometric Model 

The cross-section analysis involves estimating labor force participation rate 

equatiops for 20 age cohorts by gender and race categories. This amounts to 

a total of 120 regression results presented in Table 5 through 11. Each table 

displays the results for a particular gender-race group for all age cohorts. 

The age cohort aggregations are displayed along the columns of each table. 

The explanatory variables are displayed along the rows. 

The age groups are single year cohorts for the population that is 16 

through 24 years of age since heterogeneous educational and labor mar

ket responses exist. The population that is 25 through 74 years of age 

is represented by ten disjoint and consecutive five year age cohorts, 1.e. 

25 - 29,30 - 34, ... , 70 - 74. The population 75 years of age and older 

is aggregated into one cohort. The aggregation into five year age cohorts 

reduces the data and regression work needed without introducing severe age 

aggregation bias. 

Since the cross-sectional observations are the 50 states and DC and the 

other race category is approximately 3.7 percent of the US population, fur

ther breakdown of this category would introduce a· large amount of mea-
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surement error due to the small sample size of these populations in many 

states. Omitting states that do not have a sufficient sample size for certain 

race representation would in many cases dramatically reduce the degrees of 

freedom. 

For each race, gender and age group the following econometric model is 

specified: 

i= 1,2, ... ,51 

!i ~ iid(O, a;) 

,\ E (0, l] 

The variables EA(,\), RW' R and RURAL are discussed in the previous 

section. The variable Pi is gender specific and is the regional unexplained 

time invariant effect estimated from the panel econometric model. To the 

best of our knowledge· this is the first article that attempts to correct the 

inherent weakness of cross-section regressions in this manner. 

The column vector, X.-, consists of variables included in a race-, gender

and age cohort-specific regression. The variables represented are race

specific, gender-specific, or race- and gender- and age cohort-specific. De

pending on the gender and age cohort, certain variables are included or 

excluded as regressors, since specific variables are relevant only to certain 

gender and age cohort groups. 
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The Couple with Children variable, CWC, is race-specific and is included 
r 

as an explanatory variable in the 16 though 60-64 age cohort regressions for ! 

each gender. The percent of a specific race-gender-age cohort-specific group 

that did not complete high school is denoted by NOH and is an explanatory 

variable for the 18 years of age and older cohort regressions. NOH is not 

included as an explanatory for the 16 and 17 years of age cohorts since 

NOH includes high school attendees. The variable NOHIS24 is the race

and gender-specific proportion of the 18 through 24 years of age popula_tion 

that diq not complete high school. The value of NOH1824 is a drop out rate 

proxy for the 16 and 17 years of age population. A high value of NOH1824 is 

associated with a high dropout rate. A high dropout rate implies an increase 

in the labor supply for the 16 and 17 years of age population. The variable 

COL is the proportion of a race-, gender- and age cohort-specific group that 

completed college. COL is an explanatory variable for the 25 and older age 

cohorts and COL2534 is used for the 18 through 24 age cohorts. 

The variable HISP is the race-specific proportion that is ethnically His

panic. A few states have large Hispanic populations, i.e. California., Texas, 

New York and Florida, and this may influence the participation rate levels. 

5.1.1 Econometric Methodology 

The econometric strategy is similar to that of the panel estimation ,vith 

respect to ..\. While EA(>.) and RWR are endogenous to a large system of 

equations , Treyz(l99:3), the contribution of a race-, gender- and age cohort

specific participation rate to the explanation of either endogenous variable 
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is sufficiently small. Therefore, OLS estimation of equation 3 is acceptable 

and TSLS is unnecessary. 

5.1.2 Results 

For brevity, we use the term significant in this section to meaq statistically -

significant at the IO percent level (hvo tailed test) unless stated otherwise. 

None of the significant µi coefficients are negative. The µi coefficients con

tributed more in explaining white participation rates than those for the ~lack 

or other races. There appears to be an approximate U shape if the µi coeffi

cients are plotted across age cohorts for a particular race and gender. This is 
ff 
i 

11 due to the observation noted in Section 3 that participation rates are higher 

for the middle aged cohorts than for the younger and older age cohorts. The 

white male µi coefficients tend to be smaller than their female counterparts 

except for the 19 to 24 years of age cohorts. The /Li variable is not significant 

for the black male age cohorts. For comparative purposes Table 11 displays 

the results of the white males \vith µi omitted as an explanatory ,·ariable. It 

is evident that /Li contributes significantly to the explanation of white male 

participation rates and is correlated with some of the regressors. This is 

typical of omitted variables that are not orthogonal to the other regressors. 

The regional unexplained time invariant effects are significant in 19, 5 and 8 

of the cases for white, black and other females, respectively. 

The explanatory variables that fall under the category of competing non

market activities are .NOHI824, COL2534, CWC and NR. The NOHI824 

variable is significant with a negative sign for the 17 years of age cohort among 
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other males, black females and other females. The NOH 182-! coefficients 

that have at-ratio greater than 1 are negative. The prior on this coefficient 

is positive since a high dropout rate would lead to an increase in the labor 

force. However, a sociological factor may be present. The variable COL2-:i34 

is significant for 18 of the 42 cases. It is significantly negative for white males 

and females. 

Ci-VG is significant in 12 of the male and 20 of the female cases. 'Within 

the significant male cases, it is positive for whites and others. The co.effi

cient is_negative for younger black males. A pqsitive coefficient for males 

is explained by the need for income to provide for a household. The white 

female Ci-VG coefficients are significant in 10 of the 20 age cohorts and have 

a constant negative sign for cohorts of 18 years of age. For blacks and others 

the significant variables do not have consistent signs. 

The natality rate, N R, coefficient is negative in all of the significant cases 

except for the 17 years of age black females. It is significant in 15 of the 39 

cases. 

The predominance of the significant and negative RURAL coefficients 

indicates the presence of non-market productive work and the high job search 

cost in the rural areas. 

The employment opportunity coefficient is significantly positive in 95 of 

the 120 regressions. These long-run elasticities of the participation rate to 

employment opportunity indicate the percentage change in participation to 

a percentage change in the general employment to population ratio. They 

are shown in Figure 8. These figures show that the largest proportional 
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responses tend to be in the younger and older age cohorts. The youngest 

and oldest cohorts responses are above unity. The results indicate that black 

males exhibit a higher response elasticity than white males. The other males 

are more responsive than whites in the 20 through 45 years of age cohorts. 

Clark and Summers (1981) sought to estimate the mean lag of the past 

employment effect. However, they found that the>. value often fell outside the 

unit interval and set it to 0.10 on a priori grounds in most cases. The speed 

of adjustment, >., is a key parameter estimated by this study. The overall 

respon~e in the long-run as well as the response after the indicated numbers of 

years are shown in Figure 9. These responses indicate that for females, where 

the .,\ values are less than one, a difference exists with the estimate value for 

the panel. However, the >.'s for the male cohorts average out to be fairly close 

to the panel regression value. Since the purpose of the panel is to estimate 

regional unexplained time invariant effects for the cross-section regressions, 

we performed a sensitivity test by generating µi values for a range of,\ values 

in the panel and found that the cross-section estimates are not sensiti\·e 

to the >. used in the panel. The long-run effects of increased employment 

on participation rates are indirectly related to concepts estimated in other 

studies. Bartik (1991) estimates that a one percent increase in employment 

leads to a permanent increase in participation rates of 0.157 percent using his 

formulation and data and a 0.109 percent change using Blancahrd and Katz 

( 1992) data. The Blanchard and I<atz estimate is 0.003 but when modified 

by Bartik (1991) to include lags it is 0.254. In these cases, the explanatory 

variable is employment whereas in our case, it is an employment to population 
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- ratio. Since some inward migration will occur if employment increases, our 

measure of employment to population will increase less than the employment 

measure of Bartik (1992) or Blanchard and Katz (1992). Our estimates of 

the elasticity of response of participation rates to employment opportunity 

change are apparently somewhat higher on average than Clark and Summers 

(1982). For females 25 to 55 years of age, our range is 0.21 to 0.47, 0.24 to 

0.92, and 0.40 to 0.60 for whites, blacks and others, respectively. Our male 

counterparts are 0.08 to 0.19, 0.21 to 0.48 and 0.18 to 0.37. 

The _speed of response for Blanchard and Katz peaked in the third year 

while Bartik's estimated response remained constant after the first year. 

Again focusing on the 25 to 54 years of age groups, the percent effect in 

the first year for whites, blacks and others respectively are from 30 to 40 

percent, 10 to 40 percent, 60 to 100 percent for females and 30 to 40 percent, 

10 to 70 percent, 40 to 70 percent for males. 

r 
1 

r 

r 
i 

6 Conclusion 

There is significant \·ariation in participation rate beha\·ior by race, gender, 

age and region. However, almost all age cohort participation rates exhibit a 

positive response to increased employment opportunity. \Vhite males tend to 

increase participation rates in response to an increase in the real wage, while 

white women decrease their participation rate. Increased education tends to 

increase participation rates, except for the ages where education competes 

with work. Family structure, natality and rural versus urban location influ

ence participation rates. Given the variation in response to changes in the 
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determinants of labor force participation and the shifting demographic com

position of the US and states it would appear that any analysis of the effects 

of policies would have to be analyzed within the framework of a model that 

included heterogeneous demographic groupings. 
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7 Data Appendix 

In order to save space we present two tables that describe our adjustments 

and data sources for the variables in the text. The sources are Current 

Population Survey (CPS), Employment and Earnings (EAE), Vital Statistics 

(Vital) and Census. Table Al describes the age cohort detail code. Table A:2 

presents the adjustment and variables used in the panel and cross-section. 

Table A3 presents the data sources for the variables in Table A2 and the text. 

Since, the cross-section adjustments are similar to the panel adjustments we 
-

present only the panel adjustments. The detail code lvl is male, F female, 

1-V white, B black, 0 other. In Tables A2 and A3 we suppress the time 

subscripts for clarity. The subscript i pertains to region and u indicates the 

aggregate US. 

The instrument list is available from the authors. 

7.1 Table Al 
Code Age Cohort Groups 
12AC 
?AC 
9AC 
IFAC 
7FAC 
20AC 

16 - 19, 20 - 24, •. • l 70+ 
16 -19,20 - 24,25 - 34, ... , 65+ 
16 - 17, 18 - 24, 2-5 - 34, ... , 70+ 
15 -49 
15-19,20 -24, ... ,4-5- 49 
16, 17, ... , 24, 25 - 29, ... , 75+ 
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7.2 Table A2 

IVariable I Formulation Time Span IDetail I 
PRi A/PRADJi 1977 - 1993 M/F 

() ~iP,.jN;.;/ 2....,i N,j)
PRADJ; 1977-1993 J\,f/F

(L,; P,.JN...;/ L,; N,.j) 

E; EN;/EADJ; 1967 - 1993 
EN; (1 + RA;/YLPi)(EBdPOPI6;} 1967 - 1993 

(2,.;i EN,.jNiJ/ >-~i N;j)
EADJ; 1967 - 1993(L,; EN,.,;N,..;/ L,; N,.,;) 

RH'Ri H'R;/RivRADJ; 1977 - 1993 
iVR; l-VS;(RYD;/ }'P;) 1977 - 1993 
l-VS; }'LA/EB; 1977 - 1993 
RYDi. YLD;/PCE; 1977 - 1993 

(2....,i W,.,;ER,.,;N;,;/ 2.__,i ER,.,;N;,;)
Rl-VRADJ; 1977 - 1993(L,; ~ll,..;ER,..;N,..;/ L,; ER,..;Nuj) 

NR; NNRi/NRADJ; 1990 F 
(Li l\"NR...;NRP,,;/ Li NRP,,;)

NRADJ; 1990 F
(L,; Ni\iR...;NRP,.,;/ L; NRP,.,;) 

NOH; NOHH-/NOHADJ·I · l,J 1990 M/F 
(2,.;i NNOH,.,;POP;.;/ Lj POP;,;)

NOHADJ; 1990 1\1/F(L,-NNOH,.jPOP,.,;/'£.POP,.,;) 

COL; COLL;/COLADJ; 1990 1\f/F 
() i COLL,.,;POP;,;/ Li POP;,;)

COLADJ; 1990 i'vl/F(2_::: COLL,.,;POP.,,,;/ '£;POP,.,;) 

Cl·VC; CCWC;/CH1 CADJ; 1990 1\1/F 
(2_ iCC~'VC,.,;HHLD;,;/ 2~t HHLD;,;)

CH1 CADJ; 1990
(L,-CCWC,.,;HHLD,.,;/L,. HHLD .. ,;) I 
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7.3 Table A3 

I Variable I Description ISource ITime Span IDetail 

Panel 
-

pi participation rate CPS 1977-1993 M/F r 
Pu,i participation rate EAE 1977-1993 M/F, l,V/B/0, 1 

-

Nu,;,Ni,i population Census 1977-1993 M/ F, iV/B/0, 1 ,:. 

RA; residence adjustment BEA 1967-1993 ! 
YLPi labor & proprietors income BEA 1967-1993 

-
EB; employment BEA 1967-1993 

; 

POPl6 population 16 and over Census 1967-1993 j 

ENu.; civilian employment rate EAE 1967-1993 M/ F, T,V/ B/0, 1: 1 
-YA mcome BEA 1977-1993 . 

Wu,i .- median weekly earnings CPS 1977-1993 M/F, vV/B, ?AC i 
ER,;· employment rate EAE 1977-1993 M/F, vV/B, 7AC 

-
,J 

PCE; see Treyz ( 1993) < 

YLD; see Treyz ( 1993) ' 

NNR; natality rate Vital 1990 F, iv/B/0, IFA( 
NNRu,i natality rate Vital 1990 F, T,,V/ B/0, 7FAG 
N RPi,i, N RPu,i female population Census 1990 F, iv/B/0, 7FAC 
NOHH; % no high school diploma Census 1990 M/F 
NOHHu,i % no high school diploma Census 1990 M/F, iV/B/0, 9A\ 
COLL; % with college degree Census 1990 M/F 
COLLu,i % with college degree Census 1990 M/F, l¥/B/O,9A 
POP;,; population Census 1990 AI/F, lV/B/0, 9A~ 
CCWC; % couples with children Census 1990 

CC~VCu.i % couples with children Census 1990 W/B/0 
HHLD··1,J households Census 1990 vV/B/0 
HISP; % Hispanic Census 1990 W/B/0 
RURAL; % rural Census 1990 : 

Cross-Section 

CensusPR; participation rate 1990 M/F, H'/B/O,20; 
VitalNR; natality rate 1990 F, W / B / 0, 7 FA C 
CensusNOH; % no high school diploma 1990 M/ F, i-v/ B / 0, 9A: -
CensusCOL; % with college degree 1990 M/ F, i-V/ B/0, 9A( 
CensusHISP; % Hispanic 1990 W/B/O 

C~VC; Census% couples with children 1990 W/B/O 
:Lb 
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Table 1. U.S. Population Distribution by Race and Gecder 

1967 1993 
M;ilc FemJ.!:: Mal:.:: Fc::-::J!:: 

% Vlb.itc 89.6 89.2 S5.4 8~.I 
%Bbck 9.2 9.7 10.9 12.1 
%Other 1.1 I.I 3.7 3.8 

Table 2. U.S. Population Distribution by Race for Two Age Cohorts. 

1967 1993 
Age 16-17 65 + 16-17 65 + 

% '1r"b.it:: 85A 92.0 79.7 89.3 
%Black 12.4 7.4 16.0 8.6 
%Other l.'2 0.6 4.3 2.1 
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Table 3. Time Variant Panel Estimates 

. M:ile F.:e:Jl: 
LS• TSLS LS TSLS"' 

,r l.atcrcept 3.309 3.430 3.494 3.736 
(32.1) (25.0) (21.2) (16.2) 

RWR 0.052 0.0-44 -0.116 -0.273 
(2.99) (1.56) (-3.72) (-5.87) 

~I ,, EA(},.) 0.203 0.185 0.200 0.253 

I (9.65) (5.84) (6.42) (5.29) 
Adjusted R-: 0.85 0.84 0.94 0.9.; 
Optim:u).. 0.4 1.0 

.., Prcfercd e.sti=tcs 

Table 4. Time-Invariant Panel Estimates 

Male Fe:nale 

l.atcrcept 0.05787 0.30504 

I ( 1.02) (2.00) 
I NR -0.C006S 

(·0.49) 
NOH -0.00136 · -O.C055J 

(-1.55) (·3.01) 
COL -0.00114 0.00227 

(-1.20) (0.98) 
Rural -0.00015 -0.00044 

(-0.45) (-0.75) 
ewe 0.00029 -0.00448 

(0.23) ( · l.66) 
HJSP -0.000~3 ·0.00196 

(·0.82) (-1.77) 
F-test 0.93 S.63 
Adjusted R~ 0.09 0.4S 
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Figure I. U.S. Labor Force Participation Rate 
(1967-1993) 
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Figure 2. U.S. Labor Force Participation Rate by Race and Gender 
(1967 and 1993) 
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Figure 3. U.S. Labor Force Participation Rate by Gender f 

and Ethnic Breakdown of \Vhites (1990) 
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Fi~urc -1:i. P:irticlp:ition R:itc vs. P:irticlp:ition R:itc Adju,tcd for A-;.< :i.nc.1 R:i,c 
(Rates for Popul:ltion o\·cr Age 16 for 199.'.l) 
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Figure 5;1.. Adjusted State Participation Rate 
(1977 and 1993) l 
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Figure Sb. Adjusted State Participation Rate 
(1977 :in,! 1993) 
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Figure 6. Period Effects in Labor Force Participation Estimation 
Using Panel Data 
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Figure 7. State Specific Effects from the Panel Regression 
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Figure 8. Long Term Percentage Change in Participation Rate for I¾ Chancre 
C' 

in Employment Opportunity (EA) 

{A) 1\1:th: 

-:: 
r..:.: 

.. 
r: 
c::: 
r:: 
•.§ 

c::: 
c..:~ 
r: 

c.. / 

-0.5 

...... -~ -:- .. -:- ...... -:,...·"'....... ")<:!" 

A<;.~ 

-:,"'... 
")" 

...... 
.._<::" 

...... 
v.... .,<:!'· <;· 1,<:!' ¢ 

....... 
<:!' . 

"' 
........ 

(B) Female 

l -------- - . - ·---·--·- ·- -- --·····. - ---· - ·- --· - ·-

0 

...... c."I ..,... ..,....... 

J 

l 

., 
r. 

i2 ... 
C: 

c::: 
.£ 
C: t 

--------····-···-· .. ---···-- -- -- -· - --·--··-·-·-·-··-·--- -·-·------

0 

\ 
·.: 
r. 
C. 

-1 --------·-----------·-·----------- - ---- -- -- - \\ 
r. 

c.. 

+.White +Black ·Y·Other 
109 

1 



figure 9. Percentage Change in Participation Rate for 1% Change rn 
Employment Opportunity (EA) 
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CHAPTER XII 

DEMOGRAPIDC/MIGRATION MODULE 

A. INTRODUCTION 

· The REMI Demographic/Migration module divides regional population changes into two distinct 

but interactive processes. First, a region's population may change as the net result of narural causes such 

as births and deaths within the population. Second, a region may gain or lose net population because of 

inter-regional movement of the U.S. population (herein referred to as "net migrants"). Moreover, the 

migrants become part of the receiving region's population to which the narural population processes apply. 

The first section of the chapter will describe the calculation of the natural changes in 

population. The components of net migrants and how they are predicted comprise the second 

section. A rmal section is added to explain the appended population tables. 

NOTE: The tables have been omitted from this Supplemental Reference Materials Guide. For 
information omitted, please refer to the Tables in your Policy Insight software. 
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B. NATURAL POPULATION CHANGES 

Natural population changes are predicted for one-year age cohorts for both males and females by 

r 
race (white, black, and other). To obtain the natural population changes, a cohon algorithm is employed. 

The cohon algorithm consists of applying fertility and survival rates to the appropriate cohorts and adding r 
the births while subtracting the deaths. 

The cohort algorithm begins in 1970 with the 1970 Bureau of Census Survey providing the 

benchmark data for each region. Starting with 1970 and continuing through hisrory, the census popularion r 
data are normalized to that from the Bureau of Economic Analysis for consistency with the economic 

model. Furthermore, beginning in 1970, military personnel and their dependents are subtracted from the r 
population and predicted separately. The cohort algorithm is then applied to the remaining co hons which f 

i 
we now refer to as the "civilian population." 

Natality rates for five-year age cohorts by race for each state are drawn from the 1990 Census 

data. Single-year rates are calculated based on variations of 1990 U.S. single-year natality rates within 

corresponding five-year cohort rates as reponed by Vital Statistics. The single-year rates are calculated 

forward and backward from 1990 based on single-year historical U.S. trends in Vital Statistics and 

projected U.S. trends from Current Population Reports P25-1130 (Census). County-based models use their 

stare-specific natality rates. 

Survival rates for single-year age cohorts by race for each stare are obtained from 1980 Vital 

Sraristics data. For most states, this means using the survival rares of the state for whites and blacks and . 
the U.S. rares for others. Further, we normalize the rates ro the known number of deaths in the area by t 

i 

race in 1980. These single-year rates are calculated forward and backward from 1980 based on the 

projected trends in the U.S. Census reports. Once again. county-based models use the state-specific 

survival rares. 

Starting with 1971, predicted civilian births and deaths by cohort and race are ad justed to obtain 
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total birth and death rates by race calculated from Vital Statistics data. The adjusonent co births and deaths 

in the last year of history is carried forward into the forecast period. In addition t.o predicting the civilian 

population, the number of military personnel and their dependents are also calculated. BEA Local Area 

Personal Income data provides regional military employment estimates. The number of military personnel 

is adjusted co account for the fact chat the BEA concept for military employment includes the reserves and 

national guard. Consequently, we alter the military concept by multiplying by an active to total state ratio 

to truly capture active military personnel. The proportion of military personnel that is male and female, 

and the number of male and female dependents, were obtained from the Census. The age distribution by 

race of the military personnel and dependents was estimated using single-year and five-year cohort data 

also from the Census, based on 1995. 

C. MIGRANTS· 

The components of net migrants are: international migrants; retired migrants; special populations 

including college students and prisoners; change in military personnel and their dependents; and economic 

migrants. The motivation for each group's migration decision and method of calculation are presented in 

the following paragraphs. 

lntemarional migration is assumed exogenous co the region and is based on each region's share of 

U.S. international immigrants by race. Net international immigration, by race, for the U.S. is obtained 

from the Census Current Population Reports for recent history (beginning in 1981). The Statistical 

Abstract provides an early history (1971-1980). Racial detail is obtained by assigning a racial category to 

each country of origin available in Immigration and Naturalization Service (INS) data, and then reconciling 

to the total from the Statistical Abstract data. The INS provides information on immigrants admitted by 

selected country of birth and state of intended residence. We used this series for the years 1971, 1982, 

1983, 1986, 1987, 1988, 1990, and 1994 and assigned a racial category to each country of origin. We 
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migrants are defined as persons under 65 years of age who move in response to differential changes in 

inter-regional economic opportunities. The exact equation and explanation is given in Chapter 3, Section 

1. The two variables for the equation that the population model produces are the dependent variable. net 

economic migrants, and the natural labor force for the independent variable REO. 

Net economic migrants are calculated as a residual between observed civilian population under 65 

and the predicted population by the cohort algorithm and other components of migration. An additional 

adjusnnem is required though, due to more complete coverage of the population by the 1980 census 

relative to the 1970 census. The Bureau of Census distributes the 1970 undercount over the intercensal 

years with the largest intercensal adjustment occurring in 1971 and gradually declining to zero in 1980. 

Total undercount adjusnnents over all years by state are obtained directly from the Bureau of 

Census. The economic migrant series is adjusted by fir~t breaking the undercount for each state into those 

over and those under 65 according to "Coverage of the National Population in the 1980 Census by Age, 

Gender. and Race: Preliminary Estimates by Demographic Analysis." The proportion of the under-65 

undercount by state is allocated across the years by taking the proportion of predicted positive net 

economic migrants in each year summed across all states to the total over all intercensal years. The total 

residually predicted undercount is within ten percent of the middle census projected undercount for the 

U.S. The ten percent discrepancy is distributed across states in proportion to their population. For regions 

within states, undercount and residual adjusnnems are based on the region's share of the corresponding 

population. Therefore. the resultant sum of net economic migrants, summed across all states. equals zero. 

A region's labor force is calculated as the sum of individual age/gender/race cohorts multiplied by 

the corresponding labor force participation rates. The participation rates are calculated by age, gender. and 

race endogenously. The participation rate equations were derived econometrically and are largely based 

on wage rates. employment opportunity. demographic characteristics, state differences, and the U.S. 

participation rate. The paper, "Regional Labor Force Participation Rates". which describes this work in 
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delail. is available from REMI. The panicipation rales are "actual" rales which try to reflect the economic 

condilions of an area. For example. in general when economic condilions improve. people will shift back 

lO the labor force to capture employment. The panicipation rates follow the trends in hiswry from the 

U.S. Bureau of Labor Statistics (BLS) and the projected U.S. trends also from BLS. As a final noce. the 

labor force cohons are adjusted to reflect the undercount adjustments applied to the residual economic 

migrant series. 

With the above two variables produced by the population model, equation 2-19 in Chapter 2 

produces predicted nee economic migrants. The migrants are distributed according to the state-specific 

migrant distributions given by 1975-1980 migration repons by the Census. Moreover, the cohort 

algorithm is also applied to economic migrants in the current year, consistent with that for the other 

migration components. 

The final step is to multiplicatively adjust the civilian population. For I 970-1992. total predicted 

single-year cohort levels are multiplicatively adjusted to obtain corresponding. normalized five-year cohon 

levels by race reponed in "Intercensal Estimates of the Population of Counties by Age. Gender and Race: 

I 970-1980," and similar data based upon the 1990 Census. and their most current five-year cohon 

estimates by county. For all periods of history. the cohorts are multiplicatively adjusted co obtain the 

normalized total population from BEA to be consistent with the economic model 
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DATA SOURCES AND ESTIMATION/CALIBRATION PROCEDURES 

A. PRIMARY HISTORICAL DATA 

The basic national, state and county data source for the REMI EDFS Model is the Bureau of 
Economic Analysis (BEA) employment, wage, and personal income series. It is an internally consistent 
data set covering the years from 1969 to the present (usually updated in the fall/winter for states, 
spring/summer for counties). The BEA data is available for states at the two-digit level (53+ industries), 
and available for counties at the one-digit level (14+ industries). 

The second major source of data available is the Bureau of Labor Statistics (BLS) ES-202 annual 
average employment and total annual wages. This data is collected on a monthly basis in conjunction with 
the unemployment insurance program, and forms the basic data upon which the wage and salary 
employment components of the BEA total employment data is based. It is available at the two-digit 
Standard Industrial Classifications (SIC) level for all counties and states. Since this data series is based on 
unemployment insurance reports, it does not include private households, membership organizations, 
railroads, or the military. 

The final source of employment and wage data available is County Business Patterns (CBP) data, 
which is collected in conjunction with the Social Security program in March of each year. This data is 
available at the four- and five-digit levels, and while it has many suppressions due to confidentiality 

· requirements, its advantage is that when the data is suppressed, ranges for the firms are supplied. For 
example, for a given suppressed industry, there may be two establishments in an area with between 
50,000-99,999 employees, and one establishment with 100,000 or more. This provides some basis from 
which to make a rough estimate of employees in that industry in the absence of any other information. 

i. BEA DATA 

REMI receives four data series from the Bureau of Economic Analysis (BEA): Total Employment, 
Wage and Salary Employment, Wage and Salary Disbursements, and Personal Income. Total Employment 
is considered any activity that is compensated in the monetary economy, including people who work for 
wages and salaries or are self-employed. Wage and Salary Employment is the same as Total Employment 
but does not contain those people who are self employed (proprietors). Wage and Salary Disbursements 
are defined as the monetary remuneration of employees and includes the compensation of corporate 
officers in the form of commissions, tips, or bonuses as well as the receipts-in-kind that represent income 
to the recipient. 

The Personal Income data series is comprised of many types of income. It includes the following: 
wage and salary disbursements, other labor income, proprietors' income, rental income, personal dividend 

income, personal interest income, transfer payments, and personal contributions for social insurance. 
Other labor income consists of employer contributions to private pensions, private welfare funds and 
private workers' compensations funds. The proprietors' income is that income or income-in-kind which is 
received by sole proprietorships, partnerships, or tax-exempt cooperatives. Rental income is made up of 
the income received from the rental of real property, and the royalties received from patents, copyrights, 
and rights to natural resources. Also included in rental income is an imputed net rental income of owner
occupants of non-farm dwellings. Dividends are payments by for-profit corporations to non-corporate 
stockholders residing in the United States in the form of cash or other assets. The interest component of 
Personal Income is determined in part by the income received from such items as savings accounts. The 
BEA also calculates an "imputed" interest which reflects the value of financial services. Transfer 
payments are income payments to persons for which a service is not provided. Personal contributions for 
social insurance are the contributions made by individuals under the various federal social insurance 
programs. They are calculated into personal income as a deduction. 

127 



The components of personal income are measured in two manners: by place-of-residence or by 
place-of-work. Place-of-residence refers to the location where the income is received. The components of 
personal income which are calculated in this manner include transfer payments, personal dividend income, 
personal interest income, rent income and proprietors' income. The remaining components of personal 
income; wage and salary disbursements, other labor income and personal contributions to social insurance 
are measured by place-of-work. 

In order to calculate the flow of dollars within a multi-region model, REM! has in the past used the 
net Residence Adjustment figure from the Bureau ofEconomic Analysis (BEA). The net Residence 
Adjustment value is the product of subtracting the inward flow of dollars (income of those people who live 
in one region and work in another) from the outward flow of dollars (those people who work in the region 
and live in another). This methodology could not provide specific information such as how many dollars 
moved from region to region and to which region the dollars moved. 

REMI has been able to improve its multi-regional models with the addition of Journey to Wark 
(JTW) data from the Regional Economic Measurement Division. This data shows the movement of dollars 
from a specific county to all other counties which take monies away from it as well as the amount of 
dollars brought into the county from all other counties. This data set is internally consistent in that dollars 
moving from county A to county B equals those dollars moving to B from A. Using a simple RAS 
procedure to normalize the data so. that the new movement of dollars equal those that the BEA indicates in 
its net Residence Adjustment value, REMI is able to obtain a matrix of intraregional flows. With this 
matrix, REMI can better allocate the flow ofintraregional dollars. 

Each of the data series contains two natural classifications; regional and industrial. Regional 
information is provided for the United States, for each individual state, and for the eight Major Regions. 
Industries are identified using SIC (Standard Industrial Classification) codes which are divided at the one
digit, two-digit and three-digit levels. For the regions, BEA begins by adding up county data to get state 
level observations for each data series. State observations are then summed to obtain a Major Region data 
series. Combining the Major Regions gives a complete set of observations for the United States. 

Table I: Major Regions and their state components. 

New England Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, and Vermont 

Mideast Delaware, District of Columbia, Maryland, New Jersey, New York, and Pennsylvania 

Great Lakes Illinois, Indiana, Michigan, Ohio and Wisconsin 

Plains Iowa, Kansas, Minnesota, Missouri, Nebraska, North Dakota, and South Dakota 

Southeast Alabama, Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippi, North 
Carolina, South Carolina, Tennessee, Virginia, and West Virginia 

Southwest Arizona, New Mexico, Oklahoma, and Texas 

Rocky Mountains Colorado, Idaho, Montana, Utah, and Wyoming 

Far West Alaska, California, Hawaii, Nevada, Oregon, and Washington 
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Table 2: Industry Detail 

Fann 
Nonfann 

Private 
Agricultural Services, Forestry, Fisheries, and Other 

Agricultural Services 
Forestry, Fisheries, and Other 

Forestry 
Fisheries 
Other 

Mining 
Coal Mining 
Oil and Gas Extraction 
Metal Mining 
Nonmetallic Minerals, Except Fuels 

Construction 
General Building Contractors 
Heavy Construction Contractors 
Special Trade Contractors 

Manufacturing 
Nondurable goods 

Food and Kindred Products 
Textile Mill Products 
Apparel and Other Textile Products 
Paper and Allied Products 
Printing and Publishing 
Chemicals and Allied Products 
Petroleum and Coal Products 
Tobacco Products 
Rubber and Miscellaneous Plastics Products 
Leather and Leather Products 

Durable Goods 
Lumber and Wood Products 
Furniture and Fixtures 
Primary Metal Industries 
Fabricated Metal Products 
Machinery and Computer Equipment 
Electronic Equipment, Except Computer Equipment 
Transportation Equipment Exel. Motor Vehicles 
Motor Vehicles and Equipment 
Ordnance 
Stone, Clay, and Glass Products 
Instruments and Related Products 
Miscellaneous Manufacturing Industries 

Transportation and Public Utilities 
Railroad Transportation 
Trucking and Warehousing 
Water Transportation 
Other Transportation 

Local and Interurban Passenger Transit 
Transportation by Air 
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Pipelines, Except Natural Gas 
Transportation Services 

Communications 
Electric, Gas, and Sanitary Services 

Wholesale Trade 
Retail Trade 

Building Materials and Garden Equipment 
General Merchandise Stores 
Food Stores 
Automotive Dealers and Service Stations 
Apparel and Accessory Stores 
Home Furniture and Furnishings Stores 
Eating and Drinking Places 
Miscellaneous Retail 

Finance, Insurance, and Real Estate 
Depository and Nondepository Credit Institutions 
Other Finance, Insurance, and Real Estate 

Security & Commodity Brokers and Services 
Insurance Carriers 
Insurance Agents, Brokers, and Services 
Real Estate 
Combined Real Estate, Insurance, Etc. 
Holding and Other Investment Companies 

Services · 

Hotels and Other Lodging Places 
Personal Services 
Private Households 
Business Services 
Auto Repair, Services, and Parking 
Miscellaneous Repair Services 
Amusement and Recreation Services 
Motion Pictures 
Health Services 
Legal Services 
Educational Services 
Social Services 
Museums, Botanical, Zoological Gardens 
Membership Organizations 
Engineering & Management Services 
Miscellaneous Services 

Government and Government Enterprises 
Federal, Civilian 
Military 
State and Local 

In some instances throughout the data series, the BEA has suppressed a value for a particular 
observation. This could be due to the fact that a small estimate was constructed or that the BEA wishes to 
protect the confidentiality of a firm within that industry. Suppressions are made in the data after the 
aggregation process is completed at the U.S. level. This allows for an internally consistent data set even 
though certain data have been withheld. 
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a. Estimation of Data Suppressions in Major Regions and States 

The current solving methodology is to minimize a constrained quadratic loss function. In order to 
begin this process, we obtain estimates and variances from regressions which will be used in our loss 
function. The loss function looks like: 

L( ) = L 
n 

(xf - x~L Equation (1) 

i= I 

where x/ is the actual value of the suppression and xt is the estimated value. This function would be 
minimized when x/ = xt for all i. It is good to have smaller variances as this means you are closer to the 
actual value. This function can also be expressed as a matrix function in the following manner: 

min ( x' - x" f Q-1 
( x' - x") Equation (2) 

This hierarchal scheme of regions and industries is where REMI obtains the necessary constraints. 
Within the system provided by the BEA, there exists three regional and industrial constraints. The first 
one is inherent in the SIC classification. Within each one-digit industry, there exist two-digit industries, 
and within that two-digit, industries are broken down further into three-digit. The remaining constraints 
exist through the regional configuration of the data series. First, states are grouped into Major Regions. 
Hence, the sum of a particular industry over all the states in a Major Region will give the value for the 
Major Region. Secondly, summing all the Major Regions will equal the United States value for that 
industry. Let A, B, and D equal our three types of constraints and let C equal the constraint value. 

A 

Equation (3) 

D 

Equation (4). C= Cs 

Co 
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Finally, combine the loss function described above with the known constraint structure within each 
of the data series and obtain the following normalized Lagrangian equation: 

Equation (5) 

Calculate the first derivatives. 

The system begins with Total Employment. Initial estimates and variances are calculated using 
regressions, share and shift measures, and interpolation. Data is used for the regressions in the following 
order: Wage and Salary Employment, Wage and Salary Disbursements, and Gross State Product data. 
The share and shift measures are used when a regression is not possible. A ratio of the region to the 
United States is calculated and then is applied to the available U.S. values (as suppressions do not exist at 
the U.S. level). If there exists a string of suppressions either in the beginning or ending years of an 
industry, interpolation is used. The rate of change between the last two data points is calculated and then 
used to interpolate the missing points. 

Once there exists estimates and variances for all data points, each year is processed separately. 
Within each year, it is possible to break up the suppressions into their respective states. If there exists a 
Major Region suppression, all states associated with that region must be processed at the same time in 
order to maintain the regional system. If there exists two Major Regions with suppressions in the same 
group of industries, it is necessary to process all states that make up both of the Major Regions. If there is 
an overwhelming amount of suppressions as a result of this, it is possible to break out some the industries. 
Each one digit industry is considered its own system. Therefore, it is possible to solve each system of 
industries independently within a region. 

Suppressions in the Personal Income series are solved next in the REMI methodology. The 
procedure is basically the same as Total Employment. The regressions are run using only the final Total 
Employment data set (all suppressions filled in). If a share and shift measure is used, the ratio is first 
calculated using the Major Region. However, if a suppression exists at the Major Region level, then the 
ratio is determined using the United States values. Interpolation is not used in calculating estimates for 
Personal Income. The data series also differ slightly in their final stage. The goal during Total 
Employment is to obtain all positive values during the final optimization. However, in the Personal 
Income data series, it is possible to have negative values as losses are calculated as negative income. 
therefore, the protocol is to accept a negative income value if the initial estimated value is a negative. 

Wage and Salary Employment suppressions are solved next. The regression for this data series are 
run also using the final Total Employment data set. The share and shift measure follows the same 
procedure as the Personal Income. An additional consideration is added in the processing of this data. If 
there exists a zero in the Total Employment data set in a particular region, in a particular industry, and 
there exists a suppression in the same locale in the Wage and Salary Employment data set, then the fitted 
(or final) value for employment must be zero. Redundancies (systems that contain the fitted value) are 
solved and the system moves along as with Total Employment. 

Finally, Wage and Salary Disbursements suppressions are solved in generally the same manner. 
The final Wage and Salary Employment data series (all suppressions filled in) is used in the regressions for 
this data series. The share and shift measures follow the same procedure as Personal Income. In this 
series, zeros are also placed in the Disbursements data set when there exists a zero in the Employment data 
set. Redundancies are solved and the process continues. 
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Once all the suppressions have been estimated, the constraints are checked and resumed to the 
United States levels. 

b. SIC Code Changes 

The BEA one- and two-digit industries are defined within the 1987 Standard Industrial Classifica
tions (SIC) code system for 1988-present. Because REl\fl also had 1988 data in 1972 SIC codes, we were 
able to calculate state-specific employment ratios of the 1987 SIC to 1972 SIC for 1988. These ratios were 
applied to the BEA 1969-1987 data series for both employment and income to convert the entire series to 
1987 SIC codes. 

In the BEA data, the industry Ordnance (under Durable Goods) was defined as a unique two-digit 
industry within the 1967 SIC codes for 1969-1974. After 1974 when the 1972 SIC codes are used, 
Ordnance is dropped and reallocated. The employment in Ordnance is allocated back to fabricated metal 
and rest of transportation equipment for 1969-1974 based on an algorithm that uses: (a) the U.S. 
fabricated metal and transportation equipment shares of Ordnance from the BEA Table (Survey ofCurrent 
Business, April 1974), and (b) the 1974-1975 employment data for the three industries. Wages are 
allocated by applying the Ordnance wage rate to the additional employment in fabricated metal and trans
portation equipment. 

, Social Services (under Services) was new under the 1972 standard industrial classification, 
therefore estimates prior to 1975 do not exist REl\fl subtracts 23% from education and distributes it to 
non-profit organizations for the 1969-1974 social services series. 

c. Industry Combinations 

Some of the detailed BEA industries are combined into the REM] EDFS sectors: 

EDFS BEA 
Other transportation and Water transportation; 
transportation services Pipelines, except natural gas; 

Transportation services 

Brokers, credit, and other Security and commodity brokers and services; 
investment Holding and other investment companies 

Insurance Insurance carriers; 
Insurance agents, brokers, and services 

Real Estate Real estate; 
Combined real estate, ins., etc. 

Rest of Retail Building materials and garden equipment; 
General merchandise stores; 
Food stores; 
Automotive dealers and service stations; 
Apparel and accessories stores; 
Home furniture and furnishings stores; 
Miscellaneous retail stores 

Personal & Repair Services Personal services; 
Miscellaneous repair services 
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Lega,l & Misc. Services Legal services; 
Engineering and management services; 
Miscellaneous services 

Non-Profit Member Organizations Social services; 
Membership organizations; 
Museums, botanical, zoological gardens 

ii. BLS ES-202 Data 

The BLS ES-202 data begins in 1975. The first step in processing this data is to convert data for 
the years 1975-1987 (available only in 1977 SIC codes) to 1987 SIC code form. There is no overlap year 
of data available to us as there was for BEA data. The only available coefficients showing the relationship 
between 1987 SIC codes and 1977 SIC codes are at the national level. These coefficients were used to 

make preliminary adjustments to the 1975-1987 data. From 1988 forward data is received in 1987 SIC 
codes and does not require any conversion. 

Next the two-digit employment data are aggregated to the 49 private non-farm industries in the 
REMI EDFS model. This is done at both the state and county levels. With the employment data, the 
comparable wage and salary disbursements are used to calculate the 49 private non-farm sector wage rates 
for each county. The next step in processing this data is to take the ratio of the BEA state employment data 
in relation to the ES-202 state employment data for all of these industries, and then to multiply this ratio by 
the ES-202 county employment data. Through this process an adjustment is made from a wage and salary 
employment base to a total employment base (includes proprietors) which is used by the BEA. Underlying 
this process is the assumption that the ratio of total employment, that is, employment including the self
employed, to the wage and salary employment as reported by ES-202, is the same in the state as it would 
be in each of the counties. 

The ES-202 adjusted data will be used in combination with similarly adjusted CBP data to make 
initial estimates of employment for the county database that will actually be used in the EDFS-53 model. 
The ES-202 data series is not used in county EDFS-14 models, because 2-digit data is not needed. 
Likewise, ES-202 data is not needed for state models as the 2-digit data is available from BEA. Therefore, 
only EDFS-53 county models contain the ES-202 data. 

iii. CBP DATA 

A single (most recent) year of CBP data that is defined within the 1987 SIC codes is used in the 
estimation/calibration system. This data is suppressed where the confidentiality of a firm would be 
violated, but these suppressions can be estimated using information as to the number of firms in em
ployment size classes by industry. 

The data is organized within the 1987 SIC code system as: ( 1) the state total; (2) within the total 
the one-digit industries; (3) within each one-digit, the two-digit industries; ( 4) within each two-digit, the 
three-digit industries; and (5) within each three-digit, the four-digit industries. Each one-digit industry has 
an administrative/auxiliary sector that is treated as a two-digit industry. Further, the employment and wage 
values for any level sum up to their higher-level value. For example, the one-digit SIC 50 (wholesale 
trade) equals the sum of two-digit SIC 5000 (wholesale trade & durable goods) and SIC 5100 (wholesale 
trade & non-durable goods). Likewise, the three-digit SIC categories 5010 (motor vehicles and motor 
vehicle parts and supplies), 5020 (furniture and home furnishings), 5030 (lumber and other construction 
materials), 5040 (professional and commercial equipment and supplies), 5050 (metals and minerals, excepr 
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petroleum), 5060 (electrical goods), 5070 (hardware, and plumbing and heating equipment and supplies), 
5080 (machinery. equipment, and supplies), and 5090 (miscellaneous durable goods) all add up to the two
digit SIC 5000. Finally, the four-digit SIC categories 5012 (automobiles and other motor vehicles), 5013 
(motor vehicle supplies and new parts), 5014 (tires and tubes), and 5015 (motor vehicle parts, used), all 
sum up to the three-digit SIC 5010. 

In both state and county systems the current year of CBP data is used to generate Regional 
Purchase Coefficients (RPC) estimates for the detailed 526 industries. In the county system, CBP data is 
used to fill in suppressions in BEAIBLS employment and wage data. 

a. Estimation of Data Suppressions in Counties 

Initial estimates for all CBP employment suppressions are calculated by multiplying the number of 
firms in each of nine (9) size classes by that class' midpoint value, and summing the resulting values. 
Wages are estimated by using the wage rate from the next higher-level SIC industry. The initial estimates 
are made in a top-down order to ensure that the higher-level SIC industry's wage rate is available. At the 
same time, the separate sums of the data and estimates for each set of lower-level industries within a higher 
level are calculated. The initial estimates within a higher-level industry are adjusted by the amount that 
distributes higher-level industry available for allocation to suppressions relative to the sum of the estimates. 

Basic CBP data is provided for over 1,000 industries. The employment data, including estimated 
data aggregated to this level, is not directly comparable either conceptually or in the way it is measured to 
the BEA data, making it necessary to adjust the data in a manner similar to the adjustment used for the 
BLS 202 data. This is done by taking the ratio of the state BEA employment data to the total CBP 
employment for all of the counties making up the state. This ratio is then applied to the county CBP data. 
There are now two sets of data for employment, both of which are estimates of the final data that will be 
used for completing the two-digit count historical series. The next step is to merge these two data sets as 
follows: 

A. When both ES-202 employment and wage rates are available, these are used (with wage 
rates being converted back to wage bills). 

B. When ES-202 employment is available, but the ES-202 wages are suppressed, the 
employment is used as is, and the wages are calculated by multiplying the employment by the 
state wage rates calculated from state BEA data (after it has been processed by the RE:rvll 
model). 

C. When ES-202 employment is not available, CBP employment is used (where possible) and the 
wages are then calculated by multiplying this employment by the BEA-based state wage rates. 

D. When neither ES-202 employment or CBP employment is available remaining suppressions in 
employment and wages are filled in by an estimating. program, EST202. 

ES-202 estimates the suppressions for wage bill and total employment data series one county (ie., 
file) at a time. The FORTRAN code which performs the estimations is divided into 5 program routines. 
The first routine creates a 1-to-l correspondence between the wage and employment series with respect to 

zero-valued observations. The second and third routines calculate estimates of suppressed observations 
using different algorithms, including two forms of interpolation, depending on the available data. 
Suppressed employment is determined in the second routine and suppressed wages in the third. The most 
used type of interpolation takes the form of: 
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where E represents employment, i the industry, to & t1 the year endpoints of suppressed employment 
series, T the year of estimated employment, and Cnty & State the county and state of the series being 
estimated. The year T takes values t0 <T <11 in the formula. 

The remaining two routines of code are auxiliary to the second and third sections and are used to 
account for potential math errors, to set logical conditions, and to prevent calculation of a wage bill with an 
implicit wage rate outside a fixed tolerance interval. The tolerance interval is defined to be 

( f }wRs < WRc < 3xWRs 

where WRc is the county specific implicit wage rate and WRs is the corresponding state wage rate. 

The above procedures create one file for each county that contains the merged data. The final 
processing step (a program called SMUTH) checks those industries in the years 1975-1987 known to be 
affected by the change from 1977 SIC codes to 1987 SIC codes. First the industries are grouped according 
to SIC code changes. For instance, Miscellaneous Business Services, Motion Pictures and Miscellaneous 
Professional Services form a group because employees moved between them. We take the sum of the 
number of employees in the group in 1987 and divide by the sum of the number of employees in the group 
in 1988. This ratio is compared to the ratio of 1987 employees to 1988 employees in each of the three 
industries. The absolute value of the difference between the ratio of the group and the individual ratios is 
calculated. If the absolute value is more than .03 then the group ratio is applied to the 1988 individual 
values to give an adjusted 1987 value. In order to maintain the integrity of the industry totals by year a 
normalizing process is performed. The total number of employees in a related group of affected industries 
is calculated from the pre-SMUTH file (OLDS UM) and also from the data after the first adjustment in 
SMUTH (PRELSUM). The ratio of OLDSUM/PRELSUM is then applied to the individual component 
industries of PRELSUM. The resulting files are then aggregated according to client-specific region 
definitions. 

The individual county data files created are used as initial estimates for the county employment and 
wages. These initial estimates are used in the same sort of reconciliation process that was explained 
earlier, using higher- and lower-order industries in higher- and lower-order regions. In the case of 
counties, the higher-order region is the state. This process is undertaken in such a way that the 
employment and wage totals for all of the counties in the state will add up to the state total employment 
and wages for each of the industries. On the other hand, the BEA major industry data has been developed 
for all of the counties within the state based again on the same process of reconciliation of the county
major industries with the state-major industries and, thus, the major industry data for each county within 
the state have to be reconciled with the total of the two-digit industries within the major industry in 
question. This is done using the same iterative process explained in the first section. The only 
modification of this procedure is for durables and non-durables, where we are not given the BEA major 
industry data. Instead, the data is apportioned between durable and non-durables based on initial estimates 
that we get from the combined CBP/202 data file. This is done prior to the final reconciliation so that all 
of the two-digit industries add up to the state two-digit industries, and all of the two-digit industries in a 
county add up to the one-digit total within that county. The end result of this process is employment data 
by area and wage data by area. 
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B. SUPPLEMENTARY HISTORICAL DA TA 
i. Fuel Cost Data 

State-specific relative fuel costs for-three types of fuel (electricity, natural gas, residual fuel) are 
calculated for the industrial (all manufacturing) and commercial (all non-manufacturing) sectors of the 
model based on unit cost data obtained from the Energy Information Administration/State Price and 
Expenditure Report. 

ii. Fuel Weight Data 

Purchased fuel weights represent the proportion of an industry's fuel expenditures that are for 
electricity, natural gas, or residual fuels. 

Purchased fuels and electric energy consumed by manufacturing industries are obtained from the 
1982 Census of Manufactures-Subject Series; Table 3. These numbers are available for twenty 
manufacturing industries (SIC codes 20-39) for each state. All suppressed numbers are estimated using 
state proportions, and states that do not report a specific SIC code are assigned zero for that entire industry. 

Purchased fuels and electric energy consumed by mineral industries are obtained from the 1982 
Census of Mineral Industries-Subject Series; Table 3. The average state proportions are used for REMI's 
mining industry 22. Disclosures are treated the same way as above. 

Purchased fuels and electric energy consumed by construction industries are obtained from the 
1982 Census of Construction Industries-Industry Series; Table 4. This information is available only for the 
United States, so these numbers have been used for all states for the REMI construction industry 23. 

Fuels and electric energy expenditures by transportation and electric utility sectors are obtained 
from the 1982 State Energy Price and Expenditure Report-Energy Information Administration. U.S. 
weights are used for all states for the REMI transportation and public utility industries 24-30. 

Fuels and electric energy expenditures by service industries are obtained from the 1982 Census of 
Service Industries-Industry Series; Table 4. Again, U.S. numbers are used for all states for REMI service 
industries 31-34 and 38-48. Since natural gas is not reported, previous proportions found in the model are 
used for breaking out natural gas from residual fuels. 

Fuels and electric energy expenditures by retail industries are obtained from the 1982 Census of 
Retail Trade-Industry Series; Table 4. U.S. proportions are used for all states for the REMI retail trade 
industries 35-36. The natural gas weight is determined using the same method as above. 

Fuels and electric energy expenditures by wholesale industries are obtained from the 1982 Census 
of Wholesale Trade-Industry Series; Table 4. U.S. proportions are used for all states for the REMI 
wholesale industry 37. The natural gas weight is determined the same way as for the other service 
industries. 

Purchased fuels and electric energy consumed by the agriculture, food, and fisheries service 
industry are obtained from the 1982 Census of Agriculture-United States Data; Table 7. U.S. proportions 
are used for this industry, which is the 49th REMI industry. 
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iii. Tax Data 

To calculate the cost of capital variable, the EDFS model requires both state-specific and national
average corporate profit and property tax rates. In the absence of a consistent and complete data source, 
the tax rates are estimated as follows. 

State and U.S. corporate profit tax rates are defined as the amount of tax collections divided by 
the amount of corporate profits. The tax collections are found in the Government Finances (Revenue) 
publication and are converted from fiscal year to calendar year. Profits for states are constructed by: 1) 
converting the industry BEA wage data into output by dividing by the technological (~,j) matrix's labor per 
dollar output coefficient; 2) calculating profits as the product of the technologica.I matrix's capital per 
dollar output coefficient times output for the industry in question; 3) smoothing the profit time series; and 
4) normalizing to reproduce the reported average state and local corporate profit tax rate. Corporate profits 
for the U.S. are taken from the Survey ofCurrent Business. 

State and U.S. property tar rates are defined as the amount of tax collections divided by the level 
of residential and non_;residential capital stock. Again, tax collections are taken from the Government 
Finances (Revenue) publication, and converted from fiscal to calendar year. Non-residential capital stock 
is calculated by estimating the state's share of national non-residential capital stock based on implicit 
profits. Residential capital is estimated similarly, but a permanent disposable income concept is used as 
weight. U.S: investment and capital stock data for residential and non-residential structures are also found 
in the Survey ofCurrent Business. 

iv. Cost of Capital Data 

In addition to the tax rates described above, exogenous variables for the cost of capital equation 
include Moody's AAA bond rates, investment tax credit rates, and the proportion of business capital 
financed by bonds and loans. The latter is estimated from the Quarterly Financial Report for 
Manufacturing, while all of the other variables are taken from the Survey ofCurrent Business. 

v. Gross State Product Data 

For a state, gross state product originating (GSPO) by industry is the contribution of each industry. 
including government, to GSP. An industry's GSPO, often referred to as its "value added," is equal to its 
gross output (sales or receipts and other operating income, plus inventory change) minus its intermediate 
inputs (consumption of goods and services purchased from other industries or imported). GSP measured 
as the sum of GSPO in all industries is the state counterpart of the Nation's gross domestic product (GDP) 
by industry from the national income and product accounts (NJPA's). 

BEA prepared GSPO estimates in 61-industry detail (which REMI aggregates to its 53 industries). 
For each industry, estimates of gross product is composed of four components: ( I) compensation of 
employees; (2) proprietor's income with inventory valuation adjustment (IV A) and capital consumption 
allowances; (3) indirect business tax and non-tax liability (IBT); and (4) other, mainly capital related 
charges. Most of the compensation and proprietor's income components of GSP are primarily based on 
BEA'S estimates of earnings by place of work, an aggregate in the state personal income series. The IBT 
component of GSP reflects liabilities charged to business expense, most of which are sales and property 
taxes levied by state and local governments. The capital charges component of GSP comprises corporate 
profits with IV A, corporate capital consumption allowances, business transfer payments, net interest, rental 
income of persons, and subsidies less current surplus of government enterprises. 

The Gross State Product data is made available by the BEA for all states. The 1987-present series 
is based on 1987 SIC codes, while the 1969-86 series uses 1972n7 SIC codes. Also, the 1977-present 
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series is available in 1987 dollars. while the 1969-1976 series is in 1982 dollars. REMI has converted this 
data to 1987 SIC codes and 1987 dollars. To make the· model internally consistent. the GSP data is 
renormalized for all states to match the value-added data from the BLS U.S. input-output table. BEA 
reports the GSP data in local (state) real dollars (local nominal dollars deflated by U.S. prices). The REMI 
model requires U.S. real dollars, so we further adjust the data for the local price of value added. Therefore, 
a relatively large GSP value may be due to higher prices, not higher production levels. This data 
represents value-added for each industry and is used in the model for the computation of the relative 
productivity measure and other variables as explained in Chapters 2 and 3. For sub-state regions, the 
relative productivity measures estimated for the state are used. 

The other side of gross state product is the demand side. which in the REMI model is divided into 
components of consumption, investment and government spending. The thirteen consumption categories 
in the model are adjusted to be region specific for a base year using cross-section consumer/expenditure 
survey data. Using this consumer survey data, we are able to estimate the special consumption patterns at 
the 13-component level· for the region relative to the rest of the United-States. These consumption patterns 
are then used to adjust the time-series data estimates based on changes in disposable income within the 
sub-state areas in questiof! relative to the United States. Residential and non-residential investment is 
estimated by apportioning the U.S. series by the region's share of Gross Construction Product. State and 
local government spending is apportioned by state and local government employment in the area. 

U.S. Gross Domestic Product data for the 25 final demand categories are updated from the Survey 
ofCurrent Business for history years. 

vt Housing Price Data 

State-specific median values of owner-occupied housing units are obtained from the Census of 
Housing for the years 1970, 1980 and 1990. The National Association of Realtors' regional and 
metropolitan growth rates for median sales price of existing single-family homes are then used to 
interpolate between these three census benchmark years and to estimate state housing prices after 1990. 
To determine the national housing price figure, from which selling price for real estate relative to the U.S. 
is calculated, a weighted average of all the states is determined using real disposable income as the weight. 
County specific median values of owner-occupied housing units are also obtained from the Census of 

Housing for 1970, 1980 and 1990. State and metropolitan housing price values are used to interpolate 
between these three census benchmark years, and to extend the series beyond 1990. 

C. NATIONAL FORECAST DATA 
i. BLS Forecast Data 

The REMI EDFS model's baseline forecast is primarily based on the BLS Employment Outlook: 
1997-2008 projections, published in the November 1997 issue of the Monthly Labor Review. 

Between 1997 and 2008, REMI uses a labor-force-trended forecast. The output measures follow 
the definitions and conventions used by the BEA in their input-output tables. These input-output measures 
are based on producer's value and include both primary and secondary products and services. The main 
data sources for compiling the output times series for manufacturing industries are the Census and the 
Annual Survey of Manufacturers. Data sources for non-manufacturing industries are more varied. They 
include the Service Annual Survey, National Income and Products Accounts data on new construction and 
personal consumption expenditures, IRS Business Income Tax Receipts, Depart.Qlent of Transportation 
data, and many other sources. The employment data are from the BLS surveys of establishments and of 
households. They also include unemployment insurance data. 
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After 2008, the BLS moderate-growth labor force participation rates and the Census Bureau's 
middle population projections for the U.S. are used to forecast the labor force. An initial estimate of final 
demand is made, and then adjusted until the resulting industry employment comes in line with the labor 
force. Once the BLS trended forecast is in place, and then extended to 2035, the U.S. interface procedure 
is run using the latest short-tenn national forecast from the University of Michigan's Research Seminar in 
Quantitative Economics (RSQE). This updates the U.S. forecast with current national business cycles. 

The technical coefficients matrix and PCE bridge matrix are estimated and obtained in the 
following manner. The industry-by-industry national input-output models under industry-based technology 
are first built for the benchmark years of 1983-1997 and 2008. These benchmark input-output accounts 
are provided by Bureau ofLabor Statistics (BLS) and expressed in tenns of 1992 dollars and 1987 SIC 
codes. For the non-benchmark years between 1997 and 2008, a linear interpolation method is used to 
estimate the coefficients. The 1983 coefficients are held fixed back to 1969, and the 2008 coefficients are 
held fixed forward to 2035. Holding the coefficients constant for the years prior to 1983 does not guarantee 
that the input-output matrix will produce the same industry outputs that BLS reported when given the 
historical data of final demand. 1 To ensure that total final demand will equal total value-added from input
output models, we use generated industrial output instead of BLS outputs. 

The BLS includes as "special industries" noncomparable imports, scrap, and used and secondhand 
goods. For non.comparable imports and used and secondhand goods, there is no production in the United 
States, and thus, no domestic commodity or industry output. For scrap, there is domestic production, · 
although that production is not by a "scrap" industry, but by other industries as a part of the production of 
their output. For REMI purposes, we need to account for these values in our industry-by-industry matrix. 
For scrap and used and secondhand goods, the great majority of which automobiles, we made the 
assumption that most of these goods would at some point pass through the wholesale industry, so we 
simply aggregated them with wholesale. For noncomparable imports, we added the values (which are 
negative) to the industry that "used" these imported goods (the commodity by industry diagonal in the USE 
table), and then balanced the table by subtracting them from the commodity by imports column in the 
demand table. 

ii. Occupation Data 

The REM! model system uses a fixed-proportion occupation-by-industry matrix in calculating the 
occupational demands used in the model's wage equation. The matrix is also used in estimating the 
parameters in the wage equation (see Treyz, George I. and B.H. Stevens, "The TFS Regional Modeling 
Methodology," Regional Studies, Vol. 19.6, 1985, pp. 547-562). 

The occupation matrix used in the REMI model is based on the BLS 1997 and projected 2008 
National OES Matrices which contain employment for over 600 detail and summary occupations and over 
300 detail and summary industries. The detailed industries are aggregated to 53 or 14 industries for the 
EDFS-53 model or the EDFS-14 model, respectively. The detailed occupational employment data within 
each of the industries is aggregated to 94 or 17 occupations for EDFS-53 or EDFS-14 models, 
respectively. The fixed proportion of occupational employment is calculated by summing the employment 
across an industry, and then dividing each occupation by the industry total. The rates of occupational 
change between 1997-2008 are calculated by linear interpolation, are then extended back historically at the 
same rate of change, and extended forward at one-half the rate of change. 

For more detail on how REMI creates the U.S. model, see REM! "Building U.S. National and 
Regional Forecasting and Simulation Models", Economic Systems Research, Vol.5, No.I, 1993. 
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