























The MASTER data base and a time series/cross section regression procedure
were then used to estimate the model parameters. The regression procedure used
is designed to correct statistical problems typically encountered in time
series/cross section estimation, such as unequal variance of error terms across
cross sections (heteroscedasticity), correlation between the error terms of two
cross sections for a given year (contemporaneous correlation), and correlation
between successive error terms for a given cross section (autocorrelation).

MASTER SIMULATION

The MASTER simulation computer file can be set up for any county,
SMSA/ROSA, or state in the continental U.S. The fully automated simulation
procedure is divided into four steps. In the first, historical data for the
relevant region(s) to be simulated are gathered from the computer files. In
the second step, the intercepts of each stochastic equation are adjusted on an
SMSA-by-SMSA basis to better reflect actual historical trends in each
SMSA/ROSA. In the third step, residuals are calculated for each stochastic
equation for use with the autoregressive parameters in the forecast step. The
net result of the second and third steps is an improvement in the predictive
power of the model. Finally, the modified equations are used to produce an
economic forecast.

MASTER VALIDATION

The forecast capabilities of MASTER were tested in several ways. The
model was subjected to backcast and forecast validation tests to discover how
well the model could track history. In addition, numerous sensitivity tests
were performed on the model.

Several summary statistics of the model's predictive ability were derived
from the backcast validation tests, including a goodness-of-fit measure (R2),
Theil coefficients, and mean square error. These statistics were calculated
from forecasts produced for four selected SMSAs (Albany, New York; Akron, Ohio;
Portland, Oregon; Orlando, Florida) and for each of the nine census divisions
in the U.S. In general, the results from these tests were encouraging.
Typically, the error between historical (1967-1976) actual values and predicted
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values (for both individual SMSAs and the census division totals) was in the 2

to 5 percent range.

Forecast validation tests were carried out for the same four selected
SMSAs. Forecasts for these SMSAs were made for 1977-1980, and the forecasted
values were compared with the actual values. The forecast error was not as
small as in the backcast validation tests; yet, still typically within 5 to 15
percent error.

The sensitivity tests involved "shocking" the model by changing key
exogenous inputs and observing the response. The MASTER response to exogenous
changes was of correct sign and reasonable magnitude.
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1.0 INTRODUCTION

Pacific Northwest Laboratory has developed a unique
multiregional economic model. The Metropolitan and State Economic
'Begions (MASTER) model was designed to forecast regional economic activity
and assess the regional economic impacts caused by national and regional
econmic changes.

The remainder of this report is divided into four sections: capabilities
and applications of the MASTER model, development of the model, model
simulation, and validation testing. This report is intended to provide only an
overview of MASTER. Detailed technical documentation on the model is also
available.
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2.0 MASTER CAPABILITIES

The capabilities of MASTER can be grouped into three areas. First,
historical economic information is available in the MASTER data base. Second,
MASTER will produce regHona] economic forecasts. Third, MASTER can be used to
assess the regional economic impact of national and regional economic changes.
Each of these areas is considered below.

2.1 MASTER DATA BASE

A large set of data was required to develop the MASTER model. This data
file contains regional information on numerous economic and demographic
variables. Table 2.1 lists the regional data in the MASTER data file,
including source, time period, geographic disaggregation, and standard
industrial classification (SIC) disaggregation. The regional data in MASTER
could aid in the evaluation of numerous policy questions that are relevant to
both the private and public sectors.

2.2 MASTER FORECASTING

MASTER can be used.to produce regional economic forecasts for any county,
Standard Metropolitan Statistical Area (SMSA), non-SMSA rest-of-state area
(ROSA), or state in the continental United States. The model was specifically
designed to produce forecasts for SMSAs/ROSAs (see Figure 2.1); however, with
minor modifications the model can also forecast economic activity for county
and state regions. MASTER forecasts can also be produced for groups of states

and the continental U.S. These forecasts are derived by aggregating individual
SMSA/ROSA forecasts. The time required to produce a MASTER forecast, whether

it is for a single SMSA/ROSA or for the continental U.S., is typically less
than a day.

The complete 1ist of variables that MASTER forecasts for each region is
shown in Table 2.2. There is a high level of disaggregation in the
construction sector. The ten types of commercial floorspace shown in Table 2.2
are further subdivided into new and additions/alterations construction. Only
total (new plus additions/alterations) residential construction is forecast.
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TABLE 2.1. Regional Data in MASTER

Industrial Output

Sources: Annual Survey of Manufacturers
Statistical Abstract
Minerals Yearbook

Regional Detail: State

Time: 1965-1976

Disaggregation: 2 and selected 3 and 4 digit SIC

Construction

Source: F.W. Dodge Construction Potentials

Regional Detail: County

Time: 1965-1980

Disaggregation: More than 500 categories for commercial, industrial and
residential construction

Employment

Source: Bureau of Economic Analysis
Regional Detial: County

Time: 1965-1978 )

Disaggregation: 1 and selected 2 digit SIC

Energy Prices

Source: DOE/EIA State Energy Price System

Regional Detail: State

Time: 1960-1980

Disaggregation: Commercial, residential and utility

Births, Deaths, Population

Source: Current Population Reports P-26 Series
Regional Detail: County

Time: 1965-1978

Disaggregation: No breakdown by age or sex

Climate

Source: NOAA

Regional Data: County

Time: 1965-1980

Disaggregation: Heating degree days, cooling degree days, temperature,
precipitation
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TABLE 2.2. MASTER Forecast Variables

Employment and Wage Rates (1972 dollars/year)

Agricultural Production
Agricultural Services, Forestry, Fisheries, etc.
Mining ’
Construction

Durable Manufacturing

Nondurable Manufacturing

Transportation, Communication, Public Utilities
Retail Trade

Wholsale Trade

Finance, Insurance, Real Estate

Services

Government

Changes in Commercial Floorspace (square feet)

Retail and Wholesale Trade
Office

Auto Repair and Garage
Warehouse

Education

Health

Religious

Public

Hotel/Motel

MisceTlaneous Commercial

Changes in Residentia) Units (square feet)

Single Family Detached

Single Family Attached

Three-Four Units

Five or More Units, Three or Less Floors
Five or More Units, More than Three Floors

Demograghics

Births

Deaths

Net Migration
Population

Income (1972 dollars)

Labor and Proprietor Income

Transfer Payments

Dividend, Interest, Rent

Social Insurance and Residence Adjustments
Personal Income

2.4



Employment and wage rates are divided into 12 SIC categories, while income is
divided into 5 categories,

MASTER requires exogenous variables (determined outside the model} to
produce economic forecasts. Some of these are national variables, while most
are region-specific variables. Exogenous variables include construction
prices, energy prices, interest rate, national output by SIC, and national wage
rates by SIC.

2.3 IMPACT ASSESSMENT

MASTER was designed to assess the regional economic impact caused by
various national and regional changes. National changes that can be
investigated include changes in output, wage rates, and the interest rate.
Regional changes that can be investigated include changes in energy prices and
construction prices. MASTER can also assess the regional economic impact
caused by a large construction project or shutting down a major employer in a
region. For example, MASTER can be used to assess the regional economic
changes brought about by the construction and operation of a nuclear waste
facility or the closure of a military base.

When MASTER 1is used for impact assessment, the first step is to select the
region to be investigated (e.g., a group of counties or an SMSA), and then a
base case economic forecast is derived. Modifications in the model imputs are
then made to reflect the national or regional changes, and a second economic
forecast is produced. The difference between economic activity in the base
case and the alternative case reflects the impact of the change on the region,

Determining  the MASTER input modifications that are required is usually a
simple procedure. For example, assessing the impact of a 10% increase in the
price of electricity simply involves increasing the electricity prices by 10%
in the exogenous data set. However, to develop the input modifications
required for assessing a large construction project, additional data is
needed, Information is reguired on direct regional changes brought about by
the project, including labor and capital requirements for building and
operating the facility. This information is typically available from
architectural and engineering plans and other sources. Information is also
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required on the migration patterns of the construction and operation Tlabor
force. Migration patterns include: 1) whether the worker establishes a
residence in the area, 2) the type of housing occupied, and 3) whether the
entire family migrates. Reasonable assumptions regarding labor migration
patterns can be generated from numerous surveys of nuclear power plant '
construction workers and other construction workers. PNL has direct computer
access to the relevant surveys and other data required to develop the MASTER

input modifications.

2.4 MASTER APPLICATIONS

To date, MASTER has been used in several ways. The MASTER data base has
been used as part of the nuclear waste repository siting process. Population
density information by county has been generated and automatically illustrated

on a map.

Forecasts of annual national residential construction have been generated
for input to a residential energy demand model., Also, national commercial
construction forecasts have been generated for input to a commercial energy
demand model. These national forecasts were generated by forecasting for each
SMSA/ROSA and aggregating to a U.S. total.

Finally, the model has been used to assess the regional impact of Pacific
Northwest economic changes, Scenarios that have been assessed include the loss
of significant manufacturing activity in Washington and Oregon.
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3.0 MASTER DEVELOPMENT

The MASTER model was developed by researchers at Battelle, Pacific
Northwest Laboratories during fiscal year 1981 and fiscal year 1982.
Development of the model involved three steps: specification, data collection,
and estimation. Each of these is described below.

3.1 MODEL SPECIFICATION

Developing the specification of the MASTER model involved determining the
types of variables to be forecast (i.e., the variables that would be endogenous
or determined within the model). Five sets of variables were selected: 1)}
employment by SIC, 2} wage rates by SIC, 3) construction by building type, 4}
population, and 5) income. The complete list of endogenous variables in the
model is in Table 2.2,

Next, the explanatory variables {variables used to statistically explain
changes in the endogenous variables) for each of the endogenous variables were
identified. For example, regional wage rates, energy prices, and income were
selected as explanatory variables for regional employment. Endogenous
variabTes are statistically explained by other endogenous variables and
exogenous variables (variables determined outside the model). A complete list
of exogenous variables is provided in Table 3.1.

TABLE 3.1. Exogenous Inputs

Total U.S. Output by SIC

U.S. Wage Rates by SIC

U.S. Unemployment Rate

Prices for Nonltabor Production Inputs (e.g., energy prices)
Consumer Price Index/GNP Deflator

U.S. Interest Rate (90-day Treasury 8i11)

Population Age Distribution

Construction Prices
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Figure 3.1 is a relatively simple schematic of the MASTER model. It
displays the endogenous sectors of the model (shown in rectangles) as well as
the more important excgenous inputs to the model {shown in ovals),

Figure 3.1 illustrates the interactions among the model sectors.! Wage
rates in the MASTER model are determined by the national unemployment rate and
the national wage rate. National wages are used to capture national wage rate
trends. The national unemployment rate is used as a proxy for the "tightness"
af the local labor market.

Employment in the MASTER model is determined by the cost of labor, the
cost of other production inputs (e.g., energy, materials}, income and national
output. Prices for inputs to production are used because as the price of one
input changes relative to labor, the producer will respond by altering the
quantity of labor used in the production process. Income reflects the Tlocal
demand and national output reflects the national demand for products being
produced in the region. Changes in demand for a product will cause
corresponding changes in the quantity of labor used.

MASTER has a highly disaggregated construction sector. As a result, some
detail will be provided on the specification of this particular sector.
Construction in both the residential and commercial sectors is determined using
a stock adjustment approach. That is, the level of construction is some
fraction of the difference between the desired level of building stock in year
t and the actual stock in the previous year {t-1). Construction is always some
fraction of this difference because of the length of time required to plan and
construct new buildings.

In residential construction, the construction level is determined by the
price of housing (value per square foot), population between the ages of 18 and
64, and a proxy for the availability of mortgage money. Commercial
construction is determined by the building price {(value per square foot),
interest rates, and a specific "driver" variable which is different for each
type of commercial construction. (For example, the driver variable for retail
and wholesale construction is retail and wholesale employment.)

1 A1l variables in this discussion are regional unless otherwise indicated.
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Figure 3.1. MASTER Model: Simple model schematic.
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The population sector determines births, deaths, net migration and total
population. Births and deaths are basically determined by population,
Population is a scale variable; the greater the population, the higher the
number of births and deaths.

Net migration is determined by lagged changes in employment. This
specification is based on the theory that people migrate for economic reasons
{real income potential). Total population is derived using an identity.
Population in the previous year plus births, minus deaths, plus net migration
equals population this year.

The income sector determines total wage and salary income, total
proprietors income and personal income. These income measures are determined
by the interest rate, unemployment rate (national), consumer price index, and

employment. Increases in consumer prices, and employment cause nominal income
to increase.

3.2 DATA COLLECTION

Data was required to statistically estimate the parameters of the MASTER
model. Annual data was collected covering, in general, the middle 60s to the
late 70s. Much of the data that were collected are annual county level
totals. Other data are annual SMSA, state, and national totals.

Table 2.1 describes all the regional data used in MASTER. The source,
time period, geographic disaggregation, and standard industrial classification
(SIC)} disaggregation are listed for each regional variable in the model., A1l
the required data was available from secondary sources.

The parameters of an econometric model describe the mathematical
relationship between the explanatory variables and the dependent variable in an
equation. The MASTER parameters were derived using statistical procedures, the
model specification and the annual time series/cross sectional data. A time
series/cross section regression procedure was used,
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A MASTER specification was developed that is generic; i.e., it can be
applied to all regions of the county. A generic specification is feasible
because there are certain economic principles that apply to all regions. For
example, no matter what region an industry is located in, if the cost of labor
goes up, then that industry will use less labor as compared to the same
situation without a labor cost increase.

The initial parameter estimates supported the notion that the same
explanatory variables are important in all regions of the country, but tests of
the mode) parameters showed that the way in which regional economies respond to
changes varies significantly by region. In other words, the model parameters
varied significantly by region. As a result, we estimated all the equations in
the model separately for the four census regions {Northeast, North Central,
West, South),-thereby deriving different model parameters for different census

regions,

To estimate the model parameters, county-Tevel data was aggregated to the
SMSA/non-SMSA state area level. This implies a cross section of 316 regions
for each year of data, given the continental U.S. has 268 SMSAs and 48 ROSAs.

In general, the statistical results were highly significant. Most of the
parameters were significantly different from zero and had the expected sign,
Also, the parameters were determined to be of a reasonable magnitude. Tables
3.2 through 3.5 summarize the empirical results for the construction,
employment and income equations in the model. The estimation procedure did not
produce a goodness-of-fit measure; thus, none is included in these tables.
Goodness-of-fit measures were derived, however, from the backcast validation
tests. These results are discussed in Section 5.

The estimation procedure used is a time series/cross section regression
procedure which is designed to correct statistical problems typically
encountered in time series/cross section estimation, such as unequal variance
of error terms across cross sections (heteroscedasticity), correlation between
the error terms of two cross sections for a given year (contemporaneous
correlation), and correlation between successive error terms for a given cross
section (autocorrelation).

3.5



TABLE 3.2.

New Commerical Construction

Summary of Single Equation Test Results

No. of
No. of Significant t

Type of Building Variables Statistics d.f.
Northeast Region:

1. Retail-Wholesale 7 7 424
2. Office 6 6 425
3. Auto Repair 6 5 425
4, Warehouses 7 6 424
5. Education 6 6 425
6. Health 6 3 425
7. Public 8 4 423
8. Religion 4 2 427
9. Hotel-Motel 6 5 425
10. Miscellaneous 8 6 423
North Central Region:

1. Retail-Wholesale 9 9 694
2. Office 6 b 697
3. Auto Repair 5 5 698
4. MWarehouses 8 7 695
5. Education 6 1 697
6. Health 5 3 698
7. Public 6 2 697
8. Religion 7 4 696
9. Hotel-Motel 7 5 696
10. Miscellaneous 4 4 699

3.6



TABLE 3.2. (contd)
No. of
No. of Significant t

Type of Building Variables Statistics d.f.
Western Region:

1. Retail-Wholesale 7 & 384
2. Office 8 8 383
3. Auto Repair 7 7 384
4, Warehouses 9 8 382
5. Education 5 1 386
6. Health 8 6 383
7. Public 8 6 383
8. Religion 5 4 386
9. Hotel-Motel 7 7 384
10. Miscellaneous 6 6 385
Southern Region:

1. Retail-Wholesale 9 6 950
2. Office 9 9 950
3. Auto Repair ] ] 953
4, Warehouses 7 7 g52
5. Education 5 1 954
6. Health 8 4 951
7. Public 5 5 954
8. Religion 5 4 954
9. Hotel-Motel 8 8 951
10. Miscellaneous 8 8 951

Notes: d.f. = degrees of freedom.
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TABLE 3.3, Summary of Single Equation Test Results
Residential Construction

Region and Type No. of
of Building Variables(2)

Northeast Region:

1. Apts, 5+ units,

1-3 stories 7
2. Apts, 5t units

4+ stories 7
3. Apts, 3-4 units 7
4, Single Family Detached 7
5. Single Family Attached 7

North Central Region:

‘1. Apts, 5+ units,

1-3 stories 7
2. Apts, 5+ units,

4+ stories 5
3. Apts, 3-4 units 5
4, Single Family Detached 7
5. Single Family Attached 7

Western Region:

1. Apts, 5+ units,

1-3 stories 7
2. Apts, 5+ units,

4+ stories 7
3. Apts, 3-4 units 7
4. Single Family Detached 6
5. Single Family Attached b

Southern Region:

1. Apts, 5+ units,
1-3 stories
2. Apts, 5+ units,
4+ stories
Apts, 3-4 units
Single Family Detached
Single Family Attached

o

oL
L

Notes:
(2} Excluding intercept and dummy variables.
(b) 95 percent confidence, two tail test.

(€) 4.f, = degrees of freedom.
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-

Equations
No. of
Region and Number of( ) Significant (b)
e___Sector Variables'™’ t-Statistics d.f.
Northeast Region
1. Agriculture 4 1 453
2. Ag Services,
Forestry, Fisheries 4 4 453
3. Mining 4 4 453
4, Construction 2 1 456
5. Durables Mfg. 3 3 454
6. Nondurables Mfg, 4 3 454
7. Retail 6 6 452
8. Wholesale 5 5 453
9. FIRE 3 2 454
10. Services 4 4 453
North Central Region
1. Agriculture 7 3 783
2. Ag Services,
Forestry, Fisheries 5 5 785
3. Mining 5 3 786
4, Construction 2 1 789
5. Durable Mfg. 5 5 785
6. Nondurables Mfg. 2 2 788
7. Retail 4 4 786
8. Wholesale 4 4 787
9. FIRE 4 4 786
10. Services 2 2 788
Notes:

See end of table.
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TABLE 3.4. (Con't)

No. of
Region and Number of( ) Significant (b) (c)
Sector Variables t-Statistics' " d.f.
Western Region
1. Agriculture 2 2 455
2. Ag Services,
Forestry, Fisheries 3 3 454
3. Mining 3 3 454
4, Construction 2 2 456
5. Durables Mfg. 3 3 454
6. Nondurables Mfg. 4 4 453
7. Retail 5 4 452
8. Wholesale 5 4 453
9. FIRE 6 4 452
10. Services 5 5 452
Southern Region
1. Agriculture 4 3 1019
2. Ag Services,
Forestry, Fisheries 6 5 1019
3. Mining 4 4 1020
4. Construction 2 1 1023
5. Durable Mfg. 4 3 1020
6. Nondurables Mfg. 4 3 1021
7. Retail 4 3 1019
8. Wholesale 4 4 1020
9. FIRE 4 2 1019
10. Services 3 3 1022
Notes:

(a) Excluding intercept and dummy variables.
(b) 95 percent confidence, two-tail test.

(c} g.7. = degrees of freedom



TABLE 3.5. Results aof Static Tests, Income Equations
No. of
Region and Number of Significant (c)
Component Variables t-Statistics d.f.
Northeast Region:
1. Interest, Rent,
Dividends 4 4 454
¢. Transfers 5 4 452
3. Social Insurance 3 2 454
4. Residence
Adjustment 3 3 454
North Central Region:
1. Interest, Rent,
Dividends 5 4 786
Z¢. Transfers 5 5 785
3. Social Insurance 3 3 787
4, Residence
Adjustment 3 3 787
Western Region:
1. Interest, Rent,
Dividends 3 4 455
2. Transfers 4 4 454
3. Social Insurance 3 3 454
4. Residence
Adjustment 3 2 454
Southern Region:
1. Interest, Rent,
Dividends 3 3 1022
2. Transfers 3 2 1020
3, Social Insurance 3 3 1020
4. Residence
Adjustment 3 3 1019

(a) Excluding constant and dummy variables.

(b) Two-tail test, 95 percent confidence.

(c) d.f. = degrees of freeom.






4.0 MASTER SIMULATION

MASTER currently has four simulation computer files corresponding to the
four census regions. These files can be used to simulate economic activity in
a county, group of counties, SMSA, ROSA, or state in the relevant census
region,

The simulation procedure can be divided into four steps (see Figure 4,1).
In the first step, historical data for the relevant region{s) are gathered from
the MASTER data files. The file will contain 1967-1976 annual data.

In the next step, the equations in MASTER are modified to reflect the
characteristics of each simulation region. The intercepts in each stochastic
equation are adjusted separately for each simulation region to capture region-
specific historical trends. This adjustment is equivalent to 1nc1ud{ng a
region-specific dummy variable for each SMSA/ROSA in each of the regression
equations. In the third step, residuals for each stochastic equation are
calculated for each simulation region. These residuals are combined with the
region-specific autoregressive parameters (estimated along with the equation
parameters in the model estimation process) in generating forecast values of
each of the stochastic variabies. Both of these steps are performed in order
to improve the goodness-of-fit properties of the model and to make the model
better reflect actual conditions in each simulation region.

In the final step, the historical data and modified model equations are
used to produce an economic forecast, Table 4.1 shows the results of a
forecast developed for Orlando, Florida. The forecast produces annual results;
however, for brevity only 5-year intervals are shown in Table 4.1. The process
of producing this forecast summary table for a region or for a group of regions
is fully automated in the MASTER simulation program.

HISTORICAL INTERCEPT | RESTDUAL FORECAST
DATA ADJUSTMENT ADJUSTMENT .

FIGURE 4.1 Simulation/Forecasting Procedure
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TABLE 4.1. Orlando, Florida

MASTER FORECAST FOR CRLANDO,

FLORIDA SMSA

193¢ 1335 1990 199% 2e00
EMPLOYMEMT : (PERSONS} -
AGRICULTURAL 5484 .04 4512.381 4223.54 3713.55 3303.66
AGRICULTURAL SERVICES 1466 .92 626.54 709.12 462.59 519.08
MINING JE8.63 l1083.21 1324.53 1524.42 1687.37
CONSTRUCTION Tlol. %% 7552.19 7334.94 7031.78 7025.66
NONDURABLE MANUFACTURING 5370.95 6979.01 5862.02 4B51.76 4133.90
DURABLE MANUFACTURING 14439.74 9993.45 6763.5 44850.73 3ola.5¢
PUBLIC UTILITIES 11996.589 14386.50 17252.37 20637%.15 2431G.55
WHGLESALE TRADE 13332.29 11625.02 9284.47 7872.44% 5463.42
RETAIL TRADE 43366.10 41087 .44 39660.17 37766.33 37479.74
FIMAMCE=INSURANCE-REAL ESTATE 13305.36 11958.36 114991.33 18177.39 981401
SERVICES TI874 .84 B1374.04 #0241.74 100324.10 116640.92
GOVERMMENT 594¢15.95 T2284.58 87950.12 107004¢.76 130187.46
TaTAL 251104.06 2631564.64 2A/1593.95 343933.23  3I43137.45
NE4 COMMERCIAL CONSTRUCTION (354.FT)
RETAIL-WHOLESALE 1134176 1172311 1151154 1104093 1077862
AFFICE BUILDIHGS 550692.43 816062.50 733738.12 673590.87 433675.94
AUTO REPAIR 47216.138 45470.02 27847.16 12849.41 9640.00
WAREHDUSES 7406457 .59 1732822 1718201 1832166 2025352
EDUCATION 220272.75 291087.95 274313.7&8 271616.50 277626 58
HEALTH 73331.63 104316.26 77962.33 94353.16 ?3031.45
PUBLIC 206219.41 261413.09 257441.29 289120.27 331734.2%
RELIGIOUS 130730.29 138410.57 139357.25 143334.54 143996.06
HOTEL-MOTEL 101204%% 1445228 1475096 1513429 1569494
MISCELLANEDUS 460086.03 571104.27 4i3529.04 &570433.70 733253.91
TOTAL 4572386 5628311 6434840 6407211 6922363
COMMERCIAL CONSTRUCTION (%Q.FT)
ADDITIONS AND ALTERATIOMS
RETAIL-WHOLESALE 164120.77 136861.76 141763.85 133008.33 130434.47
OFFICE BUILDINGY 44160.3%4 590482.21 56239.43 3%444.70 54989.57
AUTD REFAIR jz3.00 325.04 325.00 325.00 325.0¢8
WAREHAUSES 53023.85 75773.79 T7154.77 37394.04 99370.47
EDUCATIOH 5110¢8.55 62536.28 7864%.59 37381.71 99150.20
HEALTH 71235%.96 89239.75 86052.55 37851.04 23112,47
PUBLIC 9949.31 15617 .33 14860.89 15304. 96 16056.37
RELIGIGUS 27593.%1 29949.19 JQRCE.24 327586.21 I5532.35
HOTEL-MOTEL 91933.47 94331.85 100%47.57 103174.95 1407195.%2
MISCELLANEDUS %5809 .58 461469,44 52088.20 58047.93 65938.52
TOTAL 569309.45 633407.11 833490.59 46425683.97 497555.75
RESIDENTIAL CONSTRUCTION (3Q.FT):
APARTMENTS
FIVE OR MORE UNITS
1-3 STORIES 4133983 50758340 $177753 3254500 £33%232
4 OR MORE STORIES 1926455.19 258497.02 285456.82 308929.15 333243.37
THREE TO FOUR UNITS 534729.32 537217.11 563797.23 579134.32 594793.95
SINGLE FAMILY DETACHED 5027921 5074547 6578717 T129926 7749695
SUPLEXES 131458.92 139129.53 198311.12 211355.9% 226014.47
TeTAL 10090347 12155444 12806037 13483847 14242999
WAGES: C(ANNUAL oBY 1972 %)
AGRICULTURAL : 1¢.78 19.49 10.38 1933 10.33
AGRICULTURAL SERVICE 3.353 4,47 3.79 3-5%9 3.12
MINING 4.14 27.14 39.¢el 3Z2.84 35.34
CONSTRUCTIDN 10.7¢ le_58 16.39 10.34 10.1%
NOHDURABLE MANUFACTURIHG 2.17 9.97 19.56 10.89 11.14
DURABLE MANUFACTURIKG 19.3% 10.21 16.29 19.29 10.23
PUBLIC UTILITIES 11. 564 12.51 13.35% 14.40 15.31
WHOLESALE TRADE 10.79 11.22 11.49 11.51 11.76
RETAIL TRADE 5.86 5.40 5.27 5.21 5.14
FINANCE=INSURANCE-REAL ESTATE 9.37 10.17 10.7& 11.01 11.3%
SERVICES 7.14 7.54 7.54 5.05 5.23
GOVERNMENT 7.75 3.22 5.73 9.26 ?.83
PERSONAL INCOME (ane 1972 3
WAGE BILL 209144638 2197970 2457549 2737322 I225320
PROPERTY INCOME J28287 .51 382932.10 430822.72 524141.06 624406.7&
TRAMSFER PAYMEHTS 471024.17 543531.89 621558.92 716747.52 530373.87
RESIDENCE ADJUSTMENT 19941 .64 17784.91 19787 .87 2219%. 37 23213.32
SUCIAL IHSURAHCE ADJUSTMENT 187349.23 123874.17 141657.00 163351.03 139247.17
PER GAPITA IHCOME 4,25 4.29 4.45 4,39 4. 58
TOTAL PERSONAL IHCOME 2726542 3018350 3408061 3857079 4514067
DEMOGRAPHICS
POPULATIGH 641672.90 704117.97 745928.05 2401850.51 925369.7%
BIRTHS 9114.73 95858.39 14335.43 10823.31 11467.03
DEATHS 5302.91 52a%.238 3365.00 3857 .32 5170.547
MIGRATION 4363.04 9913.74 7653.37 11344.29 13366.499
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5.0 MASTER VALIDATION
Three types of MASTER validation tests were carried out: backcast tests,
forecast tests, and sensitivity tests. The tests and corresponding results are

described below.

5.1 BACKCAST VALIDATION TESTS

One necessary condition for a forecasting model to be deemed "reliable" or
even "usable" is that it predict historical values reasonably well. If the
model cannot predict year-to-year changes in variables of interest better than
a naive no-change forecast model would during the historical period, then it
cannot be expected to reliably forecast such changes in the future. After all,
the equations in the model reflect the historical experience, or the
"structure" of a region's economy during the historical period. Backcast
statistics measure how well the actual structure is reflected in the model.

Given a set of data with both actual and predicted values of a variable or
number of variables, a variety of statistics can be computed. Each statistic
in some way summarizes the relationship between the actual and predicted
values. The first summary statistic of a model's predictive ability over the
historical period is RZ. This statistic measures the percentage of variation
in the actual values of a stochastic variable that is captured by an equation.
R2 permits validation of individual stochastic equations in a model, but not
the model as a whole or the true variables of interest which are specified by
identities. This statistic is usually calculated within an estimation
program. However, the time-series/cross-section statistical package used to
estimate the MASTER stochastic equations did not report such summary
statistics. Thus, a backcast simulation was used to calculate the R2 for
each stochastic equation in the model for each Census Division.

R measures the predictive capability of individual equations using
actual values for right-hand-side variables. It is not useful, due to
assumptions made in its calculation, for measuring goodness-of-fit in a full,
dynamic simulation. In such a simulation the model is allowed to "forecast”
over the historical period as if the actual values were truly unknown. A set
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of statistics have been developed to measure the accuracy of such simulation
experiments.z The measures, developed by Thei1,3 focus on the year-to-year
actual and predicted changes in a variable, not the actual and predicted values
of the variable. The first statistic is the mean square error, defined as

1 ¢ 2
MSEy = Egi (py = ay)

where Pt = P¢ - Aey

ag = Ap - Ry
= predicted value of variable Y at time t

B O
‘_f.
|

t = actual value of variable Y at time t
number of periods

=
1]

The mean square error is also frequently calculated in terms of relative
changes, with p, = (Pt - At-l)/At-l and a; = (A, - At-l)/At-l'
-The mean square error using these definitions, MSEZ, is smaller than MSE if
Ai_1 on average is larger than 1. Mean square error measures how close, on
average, the predicted change is to the actual change. MSE1=0 implies a
perfect forecast, but it has no upper bound, and no value of MSE other than
Zero has any particular meaning.

The Theil inequality coefficient, Uy, overcomes the interpretation
problem associated with non-zero MSEs. U; is defined as

2 The following discussion is taken primarily from G.S. Maddala,

Econometrics, McGraw~Hill, New York, New York, 1977, pp. 343-347, and R.S.
Pindyck and D.L. Rubinfeld, Econometric Models and Economic Forecasts, McGraw-
Hi1l, New York, New York, 1981, pp. 360-367.

3 h. Theil, Applied Economic Forecasting, North-Holland, Amsterdam, 1971,
Chapter 2.
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where 2 /

ln _1n
MAC, = = Egi(At - Ay ) and MAC, = — 2:(

Ay - At-1)2
t=1

t-1

U1=O for a perfect forecast and equals one if the model performs just as well
as one in which A;-A, , was set equal to a constant. A value of Uj

greater than one indicates that such a "naive” model (A -Ay_1 = constant)

would predict the variable better than the model does. Theil also developed a
decomposition of MSE into bias, regression, and disturbance proportions, called
Uys Ups and Up. They are defined by

2
_ - a

S
(S, -rS )2

Uy, = a

R MSE
(l-rz)Sa2

Up = —ise—

where S, = standard deviation of predicted changes

standard deviation of actual changes
correlation between actual and predicted changes

mean predicted change
mean actual change

L
[ I = B - E = |
]

As UM deviates from zero, the average predicted change deviates from the
average actual change. This situation is obviously undesirable. As Up
deviates from zero, a one-unit change in py is associated with a change in
3y different than oné unit., In this situation, the model over- or under-
reacts. Up=0 in the case where §=1 in the regression, ay = a+Bpg; and
Uy=0 if =0, The Theil coefficient Uy is the part of the MSE due to noise;
its desired value is one, since Uy + Ugp + Up = 1.

The Theil coefficients Uy Uys Ups and Up, as well as MSE, provide
useful summaries of how well a model performs in predicting particular
variables. Uy in particular is useful since it implicitly compares the model
at hand with a "naive" model; Uqs Up, and Up provide information on the
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source of prediction errors and whether anything can be done to reduce them.
These statistics are presented in the following sections to evaluate MASTER's
predictive ability.

In order to evaluate the predictive power of MASTER for individual SMSAs
or ROSAs, one city from each Census Region was selected for in-depth study.
Backcasts were generated and no special adjustments were made to the model to
increase its apparent predictive power. The four SMSAs selected and the Census
Regions in which they are contained are 1) Albany, New York (Northeast); 2}
Akron, Ohio (North Central); 3) Portland, Oregon (West}; and 4} Orlando,
Florida (South}. €Each of these SMSAs is moderately sized and representative in
size of a large number of SMSA/ROSAs within their respective regions. None
experienced abnormally high or low growth during the historical period, which
further makes them representative of typical SMSA/ROSAs in their respective
regions., Table 5.1 shows the test results for the Portland, Oregon SMSA.

These results are typical of the other three cities. Figures 5.1 through 5.6
graphically depict the relationship between historical actual and MASTER
forecast variables for Portland.

Backcasts were also generated for each SMSA/ROSA in each of the nine
Census Divisions. First, st were calculated for each stochastic equation
for each Census Division. Actual values of right-hand-side variables were
used, and intercept adjustments for each SMSA/ROSA in the Division were used.
The RZ statistics are presented in Table 5.2.

Backcasts were also generated for each of the SMSA/ROSAs in each of the
nine Census Divisions. The backcast results for the individual SMSA/ROSAs were
combined into nine divisional data sets. Theil coefficients were then
calculated for each Census Division by summing the prediction errors of all the
SMSA/ROSAs in the Division for the years 1969-1976. Table 5.3 shows the
results for the census division six (California, Oregon, Washington}. These
results are typical of the other eight regions. Figures 5.7 through 5.12
illustrate the difference between the historical actual and MASTER forecast for

the census division six.

The tests presented in this chapter shed a positive light on the MASTER
model. Backcasts for the four typical SMSAs showed that the model performs
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TABLE 5.1. Theil Backcast Statistics of
Portland, Oregon SMSA

5.

8

Re]ativel
Change
M.S.E. U
Emp10yment:(Persons)2
Agricultural .01 A
Agricultural Services 02 A
Mining .01 A
Construction .0l A
Nondurable Manufacturing A A
Durable Manufacturing .01 A
Public Utilities A A
Wholesale Trade .01 A
Retail Trade A A
Finance - Insurance - Real Estate A A
Services ' L01 A
Government A A
New Commercial Construction {Sg.Ft)}
Retail - Wholesale A7 A
Office Buildings 10.98 A
Auto Repair 4,21 A
Warehouses .23 A
Education .74 A
Health .39 A
Public 1.03 A
Religious .12 A
Hotel - Motel 7.27 A
Miscellaneous .13 A
Commercial Construction {Sq.Ft)
Additions and Alterations
Retail - Wholesale 11.94 A
Office Buildings 14,78 A
Auto Repair .41 A
Warehouses 7.79 A
Education .98 A
Health 4,30 A
Public 1.11 A
Religious 1.05 A
Hotel - Motel 4,98 A
Miscellaneous 13.07 A
Residential Construction (Sq.Ft):
Apartments
Five or More Units
1-3 Stories .40 A
4 or More Stories 1.84 A
Three to Four Units .19 A
Single Family Detached .01 A
Duplexes .08 A

.04

.05
.22

.05
.01

17
.05

A1
.01

.06

.07
.04
.10

.42

.08
.99
.45
.34
.67
A7
.55
.48

.79

.47
.29

.91
.90



TABLE 5.1. (cont.)

Wages: {Annual 000 1972 %)

Agricultural
Agricultural Services
Mining

Construction

Nondurable Manufacturing
Durable Manufacturing
Public Utilities
Wholesale Trade

Retail Trade

Finance - Insurance - Real Estate
Services

Government

Personal Income (000 1972 $)

Wage Bil}

Property Income

Transfer Payments

Residence Adjustment

Social Insurance Adjustment
Per Capita Income

Total Personal Income

Demographics

I. Relative Change M.S.E. defined as

2.

Population
Births
Deaths
Migration

n

2
{py-a,)

ey Tt

with p (P -Ap)/Ap, ap=(Ap-A

_1
MSE2 =&

Relative

M.S.E.

"A" denotes a value less than 0.004.

5.6

Change

I L S N T S

Y
I 2w >
=9

= X B

OB EIL

.02
.01

> o
Lak

PP

Uy, Ugs Ug, U
as def1ned in tex us1ng MSE def1n1t1on% M R0

I I I e

Uy

.02
.17
.63

.67
.62

.64
.10

.27
.04
.19
.04
.51

.31

.53
.09
.07
.14
11

.68
.03
.05
.30

.14
.44
.86
.36
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TABLE 5.2, Census Oivision Goodness-of-Fit (Rz) Statistics For Stochastic Equations

Division
One Two Three Four Five Six Seven Eight Nine
Employment: (Persons)
Agricultural .10 .19 .23 .15 .08 .20 .21 .13 .09
Agricultural Services .06 .22 .18 .14 .06 .12 .28 .09 .04
Mining .0l .02 .05 .02 .03 .08 .09 .07 .01
Construction .12 .11 .22 .01 .32 .38 .15 .25 .02
Nondurable Manufacturing .43 .31 .31 .08 .21 .14 .12 .25 .01
Qurable Manufacturing .40 .37 .44 .06 .13 .37 .17 .36 .02
Wholesale Trade .04 11 .34 .39 .31 ) | .15 .26 .15
Retail Trade .42 .62 .38 .21 .30 .36 .19 .53 .01
Finance - Insurance - Real Estate .09 .15 .29 .11 .24 .20 .09 .18 .02
Services .14 .09 .14 .12 .18 .12 .21 .28 .02
New Commercial Construction (Sq.Ft)
Retail - Wholesale .65 .69 .68 .47 .83 .84 .75 .43 72
Office Bujldings 7 .84 .76 .63 .81 .72 .84 .43 .70
Auto Repair .57 .55 .68 .38 .34 .77 g2 .30 .60
Warehouses .68 .64 .85 .41 .75 .89 .90 .61 .76
Education .63 .83 .40 .44 .66 .53 .76 .65 .75
Health .34 .82 .18 .49 .29 .64 .57 .45 .60
Public .46 .36 .14 <27 .40 .22 A2 .24 .55
Religious .47 70 .57 .67 .80 .75 .80 X .78
Hotel - Motel .57 .62 .61 N 1 .30 .60 .27 .36 .42
Miscellaneous .81 .81 .88 .64 .76 .75 .58 .53 .80
Commercial Construction {Sq.Ft)
Additions and Alterations
Retail - Wholesale .71 .48 74 .29 .45 .74 .50 .28 .40
Office Buildings .67 .48 .75 .34 .52 71 .53 .35 .61
Auto Repair .21 .80 .27 .38 .16 .63 .32 .28 .34
Warehouses .60 .35 .78 .45 .44 .82 .72 .34 .6l
Education .57 .63 A6 .53 .53 .20 .76 72 .69
Health .51 .47 .06 .37 .10 .59 .32 .36 .52
Public .25 .39 .09 42 .18 .25 .22 .09 .28
Religious .36 .35 .67 .60 .39 .51 .72 .59 .67
Hotel - Motel .15 .68 .39 .38 .40 .22 .18 19 .28

Miscellaneous .44 .31 .68 .39 .58 43 40 .50 .56
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TABLE 5.2. (cont.)

Residential Construction (Sq.Ft}):
Apartments
Five or More Units
1-3 Stories
4 or More Stories
Three to Four Units
Single Family Detached
Duplexes

Wages: {Annual 000 1972 3}
Agricultural
Agricuitural Services
Mining
Construction
Nondurahle Manufacturing
Durable Manufacturing
Public Utilities
Wholesale Trade
Retail Trade
Finance - Insurance - Real Estate
Seryices

Personal Income (000 1972 %)
Property Income
Transfer Payments
Residence Adjustment
Social Insurance Adjustment

Demographics
Births
Deaths
Migration

Number of Cross-Sections

one

1.00
.98

.0l
20

Two

.24
.85
1
1.00

Division
Three Four Five
.86 .76 .75
.80 .45 .79
72 .62 .65
.95 .95 .90
.67 .79 .54
.08 24 .14
.25 .16 .10
27 .22 .13
.29 .19 .20
.47 .41 .43
.48 .45 .51
59 .49 W1
.36 .40 .21
.51 .29 .25
.80 .70 .67
.45 51 W37
.41 .24 .32
.76 .69 .72
.36 .44 11
1.00 1.00 1.00
1.00 .99 .99
1.00 .99 .99
.19 A .67
59 29 25

.52

.62
.60
.59
1.00
.99
.99
.33

28

Seven

.83
.64

.20

.43
.20

.52
.42
.53
.51
.70
.36

.45
.58
.60
1.00

.99
1.00
.56

44

Eight

Nine

.35
.63
.14
1.00

1.00
.34

53



TABLE 5.3. Theil Backcast Statistics For Census Division Six

vt Uy %Y
Emp]oyment:(Persons)2
Agricultural .72 .03 .02 .96
Agricultural Services .55 .02 .15 .83
Mining .91 A .01 .99
Construction 1.32 .01 .24 .75
Nondurable Manufacturing 1,24 A .21 .79
Durable Manufacturing 1.03 A .04 .96
Wholesale Trade .95 A .18 .82
Retail Trade .50 .03 .31 .67
Finance - Insurance - Real Estate .40 A .01 .99
Services .51 .01 .10 .88
New Commercial Construction (Sg.Ft)

Retail - Wholesale 1.83 .0l .45 .54
Office Buildings 1.27 .01 .23 .76
Auto Repair .88 A A 1.00
Warehouses .75 A 01 .99
Education 1.57 A 51 .49
Health 1.60 A A6 .54
Public 4.18 A .76 .24
Religious 1.25 A .21 .79
Hotel - Motel .93 A 0l .99
Miscellaneous 1.40 A .35 .65

Commercial Construction (Sg.Ft)
Additions and Alterations

Retail - Wholesale .90 A A 1.00
Office Buildings 1.20 A .17 .83
Auto Repair 1.10 .01 A1 .89
Warehouses 1.00 A A 1.00
Education 1.97 A .50 .50
Health 1.05 .01 .05 .94
Public 1.02 A .03 .97
Religious 2.00 A .50 .50
Hotel - Motel .97 A .0l .99
Miscellaneous 1.06 A .10 .90
Residential Construction (Sq.Ft):
Apartments
Five or More Units
1-3 Stories .91 .01 A .98
4 or More Stories .99 .01 A .99
Three to Four Units .90 A A .99
Single Family Detached .68 A .02 .98
Duplexes 1.11 A 11 .89
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TABLE 5.3. (cont.)

Wages: (Annual 000 1972 $)
Agricultural
Agricultural Services
Mining
Construction
Nondurable Manufacturing
Durable Manufacturing
Public Utitities
Wholesale Trade
Retail Trade
Finance - Insurance - Real Estate
Services

Personal Income {000 1972 §)
Property Income -
Transfer Payments
Residence Adjustment
Social Insurance Adjustment

Demographics
Births
Deaths
Migration

Number of Cross-Sections

1. U1 Uy» UR, and UD based on MSEl definition of mean square error:

e = L% " )2
= = P.-a.
SRS S SRR

with pep=P.i-Asy 1, a::=As0-As 4,
denotegttiﬂg. JalltheﬂtisJEefJEeé a

y o MSE

1 m with

MAC =

2. "A" denotes value less than 0,004,

1
N j=1 t=1

G

A

I> 1 = Is

I I s

jt”

.06

.09
.10

.01
.72

J denotes cross-section, t

.94
.00
.91
.90

.99
27
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Flaure 5.9.  Commercid Consiruction 1970—-1976
Additions and Allerations
CENSUS DIVISION SIX

000~

THOUSAND SQUARE FEET

Legend
ACTUAL
BACKCAST
12000 . . . . ’ )
w0 BN 1972 1973 1974 1978 1976

YEAR



0¢-s

THOUSAND SQUARE FEET

fraure 5.10. - Residential Construction 1970-1976

CENSUS DIVISION SIX

400000~

350000+

300000~

250000

Legend

ACTUAL
BACKCAST

200000 ’

B0 Wh w72 w7s 1924 1975 1976
YEAR



[2*S

MILLION 1972 DOLLARS

Faure 5.11. - Personad income 1970-1976
CENSUS DIVISION SIX

185000+
180000~
145000 -
140000~
155000
150000~
28000
Legend

ACTUAL
BACKCASY

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

1200004

15000

w70 wn w12 w13 Wi wrs w7e
YEAR



A

race 5.12. Population 1970—1976
C DIVISION SIX

283001

nN
g
]

THOUSAND PERSONS
3
o
9

26500-

26000- Legend
ACTUAL
BACKCAST

-----------------

25500 -F ; . . . . )
%70 ) w72 »73 1974 1978 1976

YEAR



quite well for SMSA/ROSAs which historically experienced "average" growth.
Statistics and graphs for the Census Division backcasts would tend to support
this view. First, the Census Division predicted totals did not deviate far
from the Division actual totals. This indicates that the model predicts well
for most large and medium-sized SMSAXRbSAs; if it did not, the predicted region
totals would be quite different than the actual totals, Second, most of the
Theil coefficients calculated for all of the SMSA/ROSAs in a Division lie
significantly below 1.1; thus, it would appear that in most SMSA/ROSAs the
model predicts significantly better than a naive model.

5.2 FORECAST VALIDATION TESTS

The forecast validation tests involved simulating the MASTER model for the
years 1976 to 1980, a time period outside of the estimation period for which
actual values of variables forecast by the model are known., A number of
comparisons were done between forecasts and actual values of endogenous
variables for this period. Forecasts were done for Albany, New York; Akron,
Ohio; Portland, Oregon; and Orlando, Florida for the years 1976 to 1980.
Because only five observations were reported for each variabTe in only four
regions, Theil statistics would have been misleading and are not reported. The
MAPE {mean absolute percent error) statistics are reported but must be used
advisedly because of the very short time period involved in the historic
forecast. Table 5.4 illustrates the forecast validation results for Akron,
Ohio. These results are typical of the results for the other 3 SMSAs.

5.3 SENSITIVITY TESTS

Four types of sensitivity tests were carried out on Albany, New York;
Akron, Dhio; Portland, Oregon; and Orlando, Florida. These tests involved
producing a forecast base case for each SMSA and then changing an exogenous
input to produce an alternative forecast. The sign and magnitude of the
differences between the two forecasts were then checked for consistancy. The
four tests were: increased national output, increased regional government
employment, higher energy prices, and lower interest rates.
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TABLE 5.4. Comparison of MASTER Forecasts to Actual Data, 1976-1980
Akron, Ohio

Mean Absolute No. of Correct
Percent Error Actual Turning
of Forecast Turning Points in
Variable and Sector {MAPE ) Points Forecast
Total Employment 3.88 1 0
Wage BiTl 4.51 1 1
Total Personal Income 3.27 1 1
Total Population 1.58 1 0
Canstruction
Residential 25.10 1 1
New Commercial 28.58 1 1
Commercial Additions
and Alterations 15.93 1 0

In general, the sensitivity tests results were of correct sign and
reasonable magnitude. The tests did uncover some weaknesses in the mode]
equations, which were corrected. Table 5.5 shows the results of the government
employment increase sensitivity tests. In all cases, economic activity was
significantly increased. Increased national output generally caused regional
economic activity to increase significantly. Increased energy prices generally
reduced regional economic activity as industries moved to lower production cost
regions, Lower interest rates caused a rapid rise in construction activity.
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TABLE 5.5. Impact of a One-Time Permanent
20% Increase in Government Activity
Starting in }3?3

(Multiplier)
Area and
Variable 1985 1990 19495 2000
1. Albany, New York:
Total Emp]oyTE?t 1.501 1.364 1.345 1.332
Total Income (c) 2.109 1.811 1.740 1.688
Residential Constructio? ) 47.74 2.884 1,476 1,241
Commercial Construction'® 17.82 4,281 4,426  4.622
2. Akron, Ohio:
Total Emp10yTETt 1.416 1.362 1.345 1.336
Total Income (c) 1.736 1.603 1.537 1.482
Residential ConstructioT )c 72.158 25.833 20.057 18,784
Commercial Construction'C 62.990 9.657 9,904 10.195
3. Portland, Oregon:
Total Emp]oyTETt 1.699 1.585 1,551 1.538
Total Income (c) 2.267 2.018 1.918 1.858
Residential Constructio? 139,501 23.476 28.711 25.753
Commercial Construction\C) 64.965 24.834 22.280 23.123
4, Orlando, Florida:
Total EmpToyTETt 2.165 1.953 1,807 1.716
Total Income (c) 2.781 2.438 2.213 2.058
Residential Constructio? )c 35.916 33.488 32,968 31.461
Commercial Construction'® 15,444 27.362 25,343 23.125

(a) For employment, this is an employment impact multiplier in 1981 and
transitory multiplier for other years.

{b)

In both cases, it is computed

th (impact_case) - th (bas%_case)

M., = ———-
jt s _
Lgt impact case) Lgt (base case)
Where
j = sector (g = government)
t = year
L = employment

For income, the definition is similar, but government employment is

multiplied times government wage to estimate an income multiplier.
For construction, the difference between impact and base cases for
construction is measured in square feet, divided by the government

emp loyment change.

5.25
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