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The purpose of this thesis is to present an 

econometric model for the region of Palm Beach County. This 

type of economic analysis was chosen because it captures the 

influence of the service and trade industries as well as the 

simultaneous nature of other industries which dominate the 

local economy. 

The estimation results identified the construction 

industry as a leading indicator of economic activity in 

transportation, communications, utilities, finance, 

insurance and real estate. This simultaneous structure of 

the model led to the application of various multipler 

analyses. It was found that local construction output 

affected gross regional product, local personal income and 

local total employment. National personal income was found 

to influence local trade which in turn affects levels of 

local output, employment and income. 
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CHAPTER I 

lN~RODUC~lON 

Regional economic analysis has been used 

extensively to analyze local economic variables such as 

employment, output and income. Researchers have available 

to them a variety of modeling techniques which can be 

applied as part of such analyses. 

Economic base models, input-output models and 

econometric models are the three leading classes of regional 

economic surveys. Economic base models, introduced by Homer 

Hoyt in the 1930's, apply simple urban growth theory to 

dichotomyze the regional economy into leading industries 

(the economic base) and service industries, whose growth is 

dependent on the growth of the base. Hansen and Tiebout 

developed such a model for the Los Angeles region. Because 

of their simple structure and data requirements, economic 

base models can be implemented at a low cost. However, the 

information provided by economic base studies is reflective 

of the technique's simple structure, providing the 

researcher very general information about conditions in the 

basic and non-basic sectors. On the other end of the 
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spectrum are input-output models. This class of model 

requires very detailed information about the interaction of 

the industries which make up the local economy. Quite often 

these data are unavailable at the regional level and must be 

obtained through extensive survey work. This proves to be 

costly and is usually beyond the budget constraints of the 

researcher. Econometric models have emerged as a compromise 

between economic base and input-output models. A regional 

econometric model uses secondary data, usually an annual 

time series, to provide detailed economic information. 

The purpose of this thesis is to construct an 

econometric model for a local economy, and to demonstrate 

the use of this model for analyzing economic conditions and 

problems. The local economy is the economy of Palm Beach 

County in Florida. This region was chosen for econometric 

analysis for various reasons. First of all, Palm Beach 

County is a large local economy, and because it is a 

standard metropolitan statistical area data are made 

available to conduct such an analysis. The region's rapid 

growth over the last decade also promotes dynamic analyses 

which are associated with a regional econometric model. 

Finally, the strong influence of the service and 

construction industries on the local economy can best be 

captured by the simultaneous nature of a regional 

econometric model. 
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This thesis contains three major chapters, the 

first major chapter, Chapter two, contains an overview of 

regional econometric models. The first section describes 

the general structure of an econometric model. The second 

section describes forecasting techniques and methods used to 

evaluate the forecasting performance of a regional 

econometric model. In the final section it is shown how an 

econometric model can be used for impact analyses. 

Chapter three present~ the estimation results of 

an econometric model for Palm Beach County. The first 

section is a general review of the economic structure of 

Palm Beach County. Highlighted is the importance of the 

retiree population and the dominance of the service and 

construction industries. The second section identifies the 

data sources and presents the estimation results from 

ordinary least squares analysis. The chapter concludes with 

an evaluation of the stability of the model. 

Chapter four demonstrates some applications of the 

econometric model developed for Palm Beach County. In the 

first section the impact of national construction activity 

is evaluated. The second section presents two additional 

impact analyses. The first examines the impact of national 

durable manufacturing on the local economy. The second 

analysis evaluates the impact of national personal income on 

the local trade industries. In the final section the 

forecasting performance of the model is evaluated. 
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The thesis concludes with a chapter summarizing 

the results. Also in the final chapter is a section 

containing suggestions for further econometric analysis of 

the Palm Beach County region. 



CHAPTER II 

REGIONAL ECONOMETRIC MODELS 

This chapter contains an overview of regional 

econometric models including their general structure, their 

use in forecasting and selected applications of economic 

impact analyses. A regional econometric model consists of 

a set of simultaneous equations that depict the behavior of 

key regional variables such as personal income, employment, 

wage rates, tax revenues and government expenditures. 

The first section of the chapter reviews the 

general structure of a regional econometric model. This 

is followed by an explanation of how the model is used to 

forecast local economic variables. Also included, is a 

discussion of techniques for evaluating the forecasting 

performance of such models. The final section of the 

chapter discusses the use of regional econometric models 

for economic impact analyses. 

Model Structure 

Prior to the 1970s the majority of econometric 

modeling was done at the state and national levels. 

During the 1970s, this technique was applied to smaller 

regions, such as standard metropolitan statistical areas. 

Many of these models are structured in a similar fashion, 
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using the work of Glickman (1977) as a prototype for 

regional econometric modeling. Glickman's model of the 

Philadelphia region, which he first introduced in 1969, 

has been used by others (Hall and Licari, 1974), and has 

proven to be applicable to sub-state regions. For a 

detailed description of Glickman's model see Hilton (1984, 

pp. 27-33) • 

Generally, an econometric model can be viewed as 

a set of simultaneous equations relating a collection of 

endogenous variables (the vector Yt) to a set of current 

and lagged exogenous variables (Xt .) and a set of lagged 
-J 

endogenous variables (Yt . , i = 1, 2, .... m) . This can be 
-J. 

represented as, 

( 2. 1) 
m 
L A.Yt . = . 0 l. -). 

l.= 

where A. and B. are coefficient matrices, and Ut is 
l. l. 

a vector of random disturbances. Within this system there 

are groups of equations which comprise a number of blocks 

that identify different sectors in the local economy. 

Most regional models possess blocks for output, employment, 

wages, income, and the government sector. Within each 

block simultaneity is possible, as it is between blocks. 

Figure 2.1 is useful in depicting the general 

model structure. The exogenous variables affect the 

output and income blocks. The output block affects the 
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Figure 2.1. General Structure. 
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employment block which in turn affects the wage block. 

Given employment and wage rates, wage income is determined 

and, ultimately, regional personal income. The latter 

feeds back into regional output. 

The general structure depicted in Figure 2.1 

implies that the coefficient matrix A
0 

in equation (2.1) 

is almost block recursive. The matrix will usually take 

the form 

AQQ 0 0 AQY 0 

~Q ~N 0 0 0 

0 ~ '1m 0 0 

0 AYN AYW Ayy 0 

0 0 0 kRY ARR 

where A . . is the matrix of coefficents showing how 
~J 

variables in block i depend on variables in block j, 

with i = Q (output), N (employment), W (Wages), 

Y (income), and R (government revenues). 

The interactions among the blocks are one of the 

most useful features of a regional econometric model. 

This interaction is shown by A . . 
~J 

with i # j. By 

capturing this simultaneous interaction in the economy, one 

is able to identify both direct and indirect effects among 

the estimated variables. 
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Many models are of this structure for a number of 

reasons. First of all, this model structure has proved to 

be a useful forecasting tool (Glickman, 1977, pp. 147-148). 

Second, this type of model requires data which are obtain-

able from established secondary sources. Data restrictions 

greatly limit the regional researcher and this model 

structure minimizes the problem. Finally, this general 

format lends itself quite conveniently to the application 

of impact analysis. 

Regional econometric modeling has evolved through 

the 1970s as a powerful tool for economic analysis. Aided 

by the advancements in computer technology, econometric 

models have provided local governments, planning agencies, 

and ingustrial organizations with detailed information 

about key economic variables. The remainder of the 

chapter is concerned with presenting more specific applica-

tions of a regional econometric model. 

Forecasting with a Regional 
Econometric Model 

One application of a regional econometric model 

is in the area of forecasting. The first step in fore-

casting with a regional econometric model consists of 

obtaining the reduced form by inverting matrix 

(2.1). The result is 

( 2. 2) 
m -1 I A A.Yt . + . 1 0 1. -1. 

1.= 

A 
0 

in 



10 

where the disturbances have been set to their expected 

values of zero, and the coefficients matrices have been 

estimated using some form of multiple regression analysis. 

Forecasts are used in two different ways. First 

of all, ex post forecasts are calculated in order to 

evaluate the performance of the model. Ex post forecasts 

are obtained from (2.2) by calculating each Yt during 

the estimating period using the known values of yt . -1 

Xt .. The forecasts are compared to the known actual 
-J. 

and 

values so that the accuracy of the estimated model can be 

evaluated. 

Ex post forecasts can be evaluated a number of 

different ways. Two of the more commonly used methods 

are calculating the mean absolute percentage error (MAPE) 

and Theil's "U" coefficient for equation systems. The 

formulas of these are (2.3) and (2.4). 

(2.3) MAPE = 
T 

• 100 

where is the forecasted value of endogenous variable 

i for period t; a 
Yit is the actual value of endogenous 

variable 1 for period t; and T is the number of 

periods being forecasted. 

( 2. 4) 

r--------------------, 
T f a 2 
I <t.y.t - t.yit) 

t=i 1 

T 2 
I (ll YC:\ 

t=i 1 
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where the variables are the same as in (2.3), except we 

are interested in looking at the change in predicted 

compared to the change in actual. 

Analyzing the results of (2.3) and (2 . 4) provides 

information about the forecasting performance of an 

econometric model. At what level these statistics are 

considered acceptable is not necessarily fixed. For 

instance, with the MAPE statistic, different outside 

factors influence its value. If the input data being used 

is inexact, then one should not expect as good a forecast 

as one which is generated with more correct data. On 

the regional level this problem arises often. Income data 

is often revised from year to year. For example, when 

the data for 1982 was released, new figures for the period 

1977-1981 were also included. Past figures can be seen to 

be changed by as much as 20 percent. Given this type of 

data problem, the researcher can only be expected to stay 

within the range determined by the revision percentage 

over time. Similar problems exist in the unemployment 

data at the regional level, thus making it difficult to 

forecast these variables. 

Theil's "U" coefficient is helpful in comparing 

the results of the complex econometric model with those of 

a naive model. Naive models can take many different forms, 

but their general structure is 

Y = f(Yt .) 
-l 
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Basically, a naive model is saying that the best forecast 

for tomorrow is today. From this type of logic, Theil's 

"U" would be equal to one because the f 
6yit would be zero. 

Given this, if a more advanced technique of modeling has a 

"U" greater than one it is not doing as good a job as a 

simple naive model could do. A "U" equal to zero would 

mean the model contained no ex post forecasting error. If 

the "U" is between zero and one, the researcher can then 

use (2.3) to further evaluate the forecasting accuracy. 

There are some conceptual problems in using these 

statistics to evaluate forecasting performance. First of 

all, since the coefficients are estimated using sample 

period data, one would expect the equations to reflect 

those data. And, if indeed this is true, one is still not 

ensured that future data can be estimated using the same 

coefficients. Thus, even if one has an acceptable level 

of ex post error, caution should be used when generating 

forecasts beyond the sample period. 

Another ex post aid in evaluating a model's 

forecasting performance is to graph the pattern of certain 

key variables which reflect the business cycle. They 

include the unemployment rate, personal income and total 

employment (Chang, 1979, pp. 443-445). Measuring the 

cyclical changes in the economy is essential because an 

econometric model is a tool used to perform dynamic 

analysis, and in order to accomplish such a difficult task, 
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the model must reflect the growth/decline periods of the 

economy. It is this cyclical nature of economic variables 

which challenges the regional researcher to the fullest 

extent. 

The second type of forecasting is called ex ante 

forecasting and refers to the calculating of predictions 

beyond the estimating period. This is accomplished by 

using the reduced form system (2.2) in the same way as 

ex post forecasting but with two important exceptions. 

First, the exogenous variables xt . -J 
must be forecasted 

beyond the sample period, and the lagged endogenous 

variables must be estimated using previous forecasts from 

the model itself. 

Thus, ex ante forecasts are subject to two types 

of forecasting errors (Glickman, 1970, p. 70). "Model" 

errors arise from the possibility that the estimated 

coefficients could be biased, or the future random 

disturbances could be nonzero. Model errors can be 

corrected over time as one evaluates the ex ante perform-

ance of the model. The second type of error, referred to 

as "information" error, is much more difficult to correct. 

This type of error is introduced by using inaccurate 

forecasts for the exogenous variables. Because these 

exogenous forecasts are obtained from sources outside the 

model, the researcher has no control over their accuracy. 

Thus, the researcher should focus on adjusting the model 
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subject to minimizing "model" errors that exist, therefore 

leaving only "information" error as a source of bias in 

calculating forecasts. 

Forecasts generated by an econometric model are 

useful to a number of different agencies. Planners can 

use forecasts to guide their decisions so that they better 

meet future needs of a region. Local governments can use 

revenue forecasts to adjust their fiscal policies in order 

to avoid future deficit problems. Regional industrial 

boards can use the information when making decisions about 

what type of businesses a region should allow to develop. 

With no explicit measure of forecasting accuracy, a 

model's projections should be used with caution. Even 

though there does exist some forecasting error, regional 

econometric models can provide very useful information 

about future economic conditions. 

Impact Analysis with a Regional 
Econometric Model 

A second area of analysis in which a regional 

econometric model is useful is economic impact. This 

capability is enhanced by the multipliers which can be 

derived from the system of equations. Three different 

types of multipliers can be calculated. They are: impact 

multipliers, delayed multipliers, and long run multi-

pliers. These multipliers can be derived from the 

reduced form (2.2) of a regional econometric model. First, 
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(2.5) shows how the system can be written as a first 

order system. 

m 
( 2. 5) yzt = CYZt-l + 1: D. xt . 

j=O J -J 

where YZt is the vector which contains Yt' zlt' 

z2t' ... zmt· With 

z = z mt m-l,t-1 

C is the matrix of coefficients of the lagged endogenous 

variables. It is 

0 A-lA A-lA . . . A-lA 
0 1 0 2 0 m 

I 0 0 . . . 0 

0 I 0 . . . 0 

0 0 I . . . 0 

0 0 0 . . . I 

D. is the matrix of coefficients of the present and lagged 
J 

exogenous variables. 

From (2.5) the impact multipliers can be directly 

calculated as (2.6). 
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(2.6) 

This is because Yt-l and lagged X's can be held 

constant. Delayed multipliers are derived next using the 

following procedure. Lagging (2.5) one period results 

in ( 2. 7) • 

( 2. 7) 
m 

= cyzt_2 + I DJ. xt_J·-l 
j=O 

Multiplying (2.7) by C results in (2.8) 

( 2. 8) 
2 m 

= c yzt-2 + I CD . xt_J·-1 
j=O J 

Substituting (2.8) into (2.5) gives (2.9) 

( 2. 9) 2 
m m 

= c yzt_ 2 + I CD. xt_J._1 + I D. xt_J. 
j=O J j=O J 

Extracting the X t-o and xt-l terms from (2.9) yields 

(2.10) 
2 m 

= c yzt_ 2 + cD 0 xt-l + I CD . xt_ . _1 j=l J J 

From (2.10) ayztj axt-l is 

( 2. 11) 
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Lagging (2.5) two periods, premultiplying by C and 

substituting will show that 

(2.12) 

Following from the above derivations one can write in 

general terms 

(2.13) 

(2.14) 

(2.15) 

ayzt 
= c a + o. 

xt-(j+1) J 

ayzt 
= c 

axt-(j+1) 

= D. 
J 

if 0 < j < m 

if j > m 

if j = 0 

Adding together the impact multiplier (2.15) and the 

delayed multipliers (2.13) and (2.14) results in the 

cumulative multipliers. 

Cumulative multipliers can be used to determine 

long run multipliers. With a lag T , where T > m 

ayzt m-1 
= ~ + I 

t j=O 

ayzt + I ayzt 

axt-(j+1) k=1 axt-(m+k+1) 

The long run multiplier is obtained by taking the limit of 

this expression as T tends to infinity. Provided the 

system's stable, the long run multipliers can be obtained 

directly from the reduced form system by imposing the 

equilibrium conditions 
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for all i 

for all j 

to obtain 

m n 
1 = - I A A.Yt + I A- B.Xt 

i=l o 1 j=O o J 

Solving for Yt yields 

m -1 
=(I+ I A- 1A.) 

. 1 0 1 1= 

and the long run multiplier is found by differentiating 

as 

m · n 
(I+ I A- 1A.) I A- 1B. 

i=l o 1 j=O o J 

Cumulative multipliers can also be used for 

analyzing the stability of the system. Consider (2.13) 

for j = 3 < m. 

(2.16) 

and for J = 2 we have 

(2.17) 

Substituting (2.17) into (2.16) 
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(2.18) 

Extending this further 

(2.19) 

Using (2.19)in (2.18) yields 

(2.20) 

C3 ayzt c2o o 
= axt + 1 + co2 + c o3 

and 8YZt/ 8Xt = o0 . In general terms (2.20) can be 

written 

(2.21) = 
k 

I 
j=O 

C
k-j 

D. 
J 

To evaluate the stability of the system (2.21) is examined 

letting k tend to infinity. From (2.21) it is clear 

that 

£. im 
k+oo 

will be dependent upon lim Ck. C can be decomposed 
k+oo 

given its matrix of eigenvectors P and its eigenvalues 



20 

A . Given this, one can diagonalize C as follows: s 

(2.22) C = PGP- 1 

where G is the matrix with g .. = A and g .. = 0 for 
11 s 1J 

i i: j. 

(2.22) 

The matrix 

c2 

c2 

c2 

c2 

-1 p is the inverse of 

= PGP- 1 . PGP- 1 

= PG . p-1p . GP- 1 

= PG . I . GP- 1 

= PG 2P- 1 

P. Given 

therefore, in general, one can write 

(2.23) 

hence, the £im ck is dependent £im A k for all on 
k-+oo k=oo s 

The system is considered stable if (2.21) 

approaches zero as k tends to infinity. This would 

that the exogenous shock to the system is eventually 

dissipated. 

The eigenvalues of the system (As) take the 

general form 

A = a + B i s s s where i = !=T 

in that case 

where M = Ia 2+B 2 
s s s 

s. 

mean 
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From De Moi vre' s thereom 

i8t 
e = coset + isin8t 

involves periodic functions that can never explode so 

that the stability is determined by the modulus 

Therefore, 

,Q,im A t 
0 iff = 

t+oo s 

,Q,im M t 
0 = 

t+oo s 

Given this, stability requires that the moduli of the 

characteristic roots must be less than unity, lying within 

the unit circle on the complex plane. Given a stable 

system, one can proceed with impact analysis. 

The applications of impact analyses which are 

available to the regional researcher provide a variety of 

useful information. By examining the effects of national 

exogenous variables, one is able to measure the strength 

of the links between the local and national economies. 

Commonly, GNP is seen to effect the endogenous variables 

of a model, thus, the impact of a unit change in GNP can 

be traced through the system. Hall and Licari (1974) 

applied this type of analysis to their model of Los Angeles. 

They found that an increase in GNP of one billion dollars 

would lead to an increase of 26.9 million dollars in the 

Gross Regional Product. This increase in GRP can then be 
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seen to affect employment, wages, and other endogenous 

sectors. Here, the true quality of an econometric model 

is demonstrated. It not only allows the analyst to 

examine direct effects of an exogenous "shock," but it 

also identifies the indirect effects. Thus, unlike other 

modeling techniques, the econometric model evaluates the 

dynamic interactions of a system, giving the researcher 

a wide range of scenarios which can be put forth and 

examined. 

Local exogenous variables also enhance the 

attractiveness of econometric analysis. Evaluating fiscal 

policy proposals is especially of interest. In a similar 

fashion as described above, one is able to examine the 

effects of a unit increase in local tax rates, thus making 

it possible to evaluate the political and economical 

"sense" of such a change. Duobinis (1981, p. 315) conducts 

this type of impact analysis for the Chicago SMSA. 

Duobinis compares his results with the Los Angeles model 

mentioned above. In order to eliminate the effect of the 

units of measure, Duobinis compared impact elasticities as 

opposed to simply impact multipliers. Duobinis (1981, 

p. 315) found that a one percent increase in the local tax 

rate would increase total employment by 19,187. Also, 

government revenues and expenditures would increase by 

$176.5 million. 
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Thus far, the discussion has been limited to 

exogenous shocks. A third and final viewpoint can also 

prove to be quite useful. By introducing shocks from the 

endogenous side, as opposed to the previous exogenous 

disturbances, one tru~y expands the policy analysis capa-

bilities of an econometric model. From this analysis, 

employment and income multipliers can be determined. With 

this information, groups such as the local industrial board 

can more accur,ately evaluate the feasibility of proposed 

economic activity. Chang (1979, pp. 445-446) describes 

how an increase in manufacturing employment of one would 

lead to an increase in total employment of 1.5275. From 

this, one can calculate the basic multiplier measured in 

employment, 

1 = 2.1164 1-.5275 

With this information, the impact of a particular industry 

entering a local economy can be estimated. 

Impact analysis has been somewhat limited in past 

research. However, with its obvious benefits, such 

analysis is being introduced at the regional level. 

Exogenous impacts, as well as endogenous impacts, can be 

evaluated and used for policy analysis. Reporting 

multiplier results extends the use of a regional econometric 

model as a tool for dynamic analysis. 



CHAPTER III 

AN ECONOMETRIC MODEL OF PALM BEACH COUNTY 

Regional econometric models have proven to be 

useful tools for analyzing important local economic 

variables. This chapter presents such a model estimated for 

Palm Beach County. The chapter begins with an overview of 

the economic structure of Palm Beach County. In the second 

section the estimation results are presented. In the final 

section the stability of the model is analyzed. 

The Economic Structure of Palm Beach County 

Palm Beach county is located on the southeast 

coast of Florida bordered by Martin County (north), Hendry 

County (west) and Broward County (south). With its 

attractive climate and economic opportunity Palm Beach 

County has experienced considerable growth over the last 

decade. Population was estimated at 637,940 as of April, 

1982 which represents a 82.79 percent growth since 1970 

(Florida Statistical Abstract). This growth in population 

has been accompanied by a 192.9 percent growth in per 

capita personal income (Hilton, 1982, p. 8). 

24 
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The distribution and growth of personal income for 

Palm Beach County is shown in Table 3.1. It is of interest 

to note the importance of nonlabor earnings and transfer 

payments as part of total personal income. This reflects 

the presence of the large retiree population in Palm Beach 

County. 

Given its location in the Sunbelt, Palm Beach 

County experiences considerable tourist activity. The 

impact of tourism and retirees on the economy can be seen in 

the employment structure shown in Table 3.2. The leading 

industries in terms of employment are services and trade, 

both industries that cater to tourists and retirees. 

Construction is also a leading industry, reflecting the 

inmigration which Palm Beach Co~nty has experienced the past 

decade. 

The manufacturing section of Palm Beach is also of 

interest when reviewing the economic structure of the 

county. In Table 3.3 the characteristics of Palm Beach's 

manufacturing sector are compared to the state of Florida, 

and the adjacent counties of Dade and Broward. There are 

considerably fewer establishments in Palm Beach compared to 

the neighboring counties but, on average, the establishments 

in Palm Beach are larger in terms of employment and pay a 

higher average salary. 

when developing a regional econometric model it is 

important to have an understanding of the structure of the 
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TABLE 3. 1 

PERSONAL INCOME DISTRIBUTION AND GROWTH 
PALM BEACH COUNTY AND THE UNITED STAThS 

1970 AND 1981 (percent)a 

Palm Beach Co. United 
Distri- Distri-

States 

Source bution Growth bution Growth 

Labor Earnings 48.1 305.2 68.3 168.6 
(Residence) 

Nonlabor Earnings 37.0 529.2 17.7 282.0 

Total Earnings 85.2 378.6 86.0 186.0 

Transfer Payments 14.8 620.0 14.0 319.6 

Personal Income 100.0 403.6 100.0 199.3 

asource: Hilton, 1982, p. 11 
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TABLE 3.2 

EMPLOYMENT BY INDUSTRY 
PALM BEACH COUNTY 1981 

(number of persons and percent)a 

No. of 
Industry Persons 

Ag. Service, Forestry, Fishing 6470 

Mining 65 

Construction 22178 

Nondurable Manufacturing 6181 

Durable Manufacturing 23080 

Transportation, Comm, & Public Utilities 9273 

Wholesale Trade 7894 

Retail Trade 50285 

Finance, Insurance, & Real Estate 20088 

Services 59913 

Federal Civilian 2162 

Federal Military 1573 

State and Local 28341 

Farm 12652 

Total Wage and Salary 250155 

Farm Proprietors 457 

Nonfarm Proprietors 21258 

Total Employment 271870 

asource: Hilton, 1982, p. 15 

Percent 

2.4 

o.o 

8.2 

2.3 

8.5 

3.4 

2.9 

18. 5 

7.4 

22.0 

0.8 

0.6 

10.4 

4.7 

92.0 

• 2 

7.8 

100.0 
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TABLE 3.3 

CHARACTERISTICS OF MANUFACTURING INDUSTRIES 
IN PALM BEACH, DADE, BROWARD AND FLORIDA 1982a 

PALM 
BEACH BROWARD DADE 

Establishments 568 1353 2988 

Employees 29553 40833 102047 

Employees per Establishment 52 30 34 

Average Salary $21,500 $15,990 $13,280 

asource: County Business Patterns 

FLORIDA 

11462 

461669 

40 

$16,110 
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economy being modeled. In developing such a model for Palm 

Beach one should keep in mind the importance of the service 

and trade industries as well as construction and 

manufacturing. It is through these industries that one can 

estimate the impact of tourism, retirees and inmigration on 

the local economy. 

The Model 

In this section the estimation results for an 

econometric model of Palm Beach County are presented. 

Before describing these results it is necessary to discuss 

the data used in estimating the model. Included in this 

subsection is a general discussion of the model. The 

section concludes with the specific results of estimation. 

Data Sources and the General Model Structure 

The main source of data used in this model is 

provided by the u.s. Department of Commerce. From this 

source, data on Palm Beach employment and income variables 

are available on a consistent annual basis for the years 

1967-1981 defining 11 industrial sectors. 

From these data, average earnings by industry and 

output by industry can be generated. To obtain average 

earnings by industry one divides total earnings by industry 

by total employment by industry. The result is similar to 
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an average wage rate, but total earnings includes those of 

the self employed, whereas the employment data include only 

wage and salary workers. Local output by industry is 

constructed by using the ratio of national output by 

industry {Survey of Current Business) to national total 

earnings by industry {U.S. Department of Commerce) and 

applying this ratio to local total earnings by industry. 

The model contair.s four distinct blocks. The 

first block, the output block, is composed of 11 stochastic 

equations and one identity. Within the output block an 

attempt was made to identify subgroups. One such subgroup 

represents the "development" sector of the economy. The 

industries which define this subgroup are: construction, 

transportation, communications, utjlities, finance, 

insurance and real estate. A second subgroup consists of 

the retail and wholesale industries. This is of particular 

interest in Palm Beach County because it captures some of 

the tourism impact on the local economy. Retiree impact is 

captured in both subgroups with the development sector 

depicting capital expenditures (i.e., new construction) and 

the trade industries reflecting current expenditures. 

Services are also affected by both retirees and tourists. 

The remaining stochastic equations are expressed as 

functions of national and local demand and will be further 

described below. 
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The second block, the employment block, consists 

of 12 stochastic equations and one identity. Similar to 

the output block, subgroups are defined in order to capture 

the simultaneity of particular industries in the local 

economy. The remaining stochastic equations represent 

demand equations relating local employment to local output 

and local average earnings. The theory underlying the 

demand for labor is supported by the negative relationship 

between employment and average earnings. 

The third block, the average earnings block, 

consists of 11 stochastic equations. Four of the equations 

are estimated as supply equations relating average earnings 

with local employment and national average earnings. 

According to supply theory there should be a positive 

relationship between average earnings and employment. Those 

industries which supported this were represented in this 

fashion. The remainder of the equations were estimated as a 

function of national average earnings and the Florida 

unemployment rate. Generally speaking there should be a 

negative relationship between average earnings and the 

unemployment rate. 

The fourth block, the income block, consists of 14 

stochastic equations and 2 identities. Eleven of the 

stochastic equations are simply linearized approximations of 

total earnings by industry. The remaining 3 stochastic 

equations estimate social security payments, transfer 
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payments and income generated from dividends, rent and 

interest (often referred to as property income). 

Before presenting the estimation results some 

further objectives should be mentioned. Throughout the 

model a lag structure was introduced in order to enhance the 

impact applications of the model. Identifying the 

"development" sector also provides interesting impact 

analyses. Finally, by using personal income in the output 

block one gets a "circular" flow , which will be further 

described in the following chapter. 

Estimations Results 

The estimation results from ·ordinary least squares 

are shown in Tables 3.5 - 3.8. Table 3.4 defines the 

variables used in this estimation process. Figure 3.1 

illustrates the interactive structure of the model. 

Table 3.5 shows the estimation results for the 

output block. Within the output block a development sector 

is defined which includes the following industries: 

construction, transportation, communications, utilities, 

finance, insurance and real estate. Construction output was 

found to be a leading indicator in regards to output in the 

other industries. United States construction output was 

found to drive local construction output. This subgroup is 

of particular interest because it captures the effects of 

inmigration which increases the demand for construction and 



National Output 
and Income 

Local Population 

33 

OUTPUT 
BLOCK 

NATIONAL 
Avera e Earnin s 

EMPLOYMEN!~-----------

Average 
Earnings 

BLOCK BLOCK 

TOTAL 
EARNINGS 

INCOME 

NATIONAL BLOCK 
TRANSFER PAYMENTS 

FIGURE 3.1 

GENERAL MODEL STRUCTURE 
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TABLE 3.4 

VARIABLE DEFINITIONS 

DEFINITIONS 

Gross Regional Product 
Farming Product 
Ag. Services Product 
Construction Product 
Nondurable Manufacturing Product 
Durable Manufacturing Product 
Trans, Comm. and Utilities Product 
Wholesale Trade Product 
Retail Trade Product 
Finance, Insurance and Real Estate Product 
Services Product 
Government Product 
Total Employment 
Farming Employment 
Ag. Services Employment 
Construction Employment 
Nondurable Manufacturing Employment 
Durable Manufacturing Employment 
Trans., Comm. and Utilities Employment 
Wholesale Trade Employment 
Retail Trade Employment 
Finance, Insurance & Real Estate Employment 
Servicing Employment 
Government Employment 
Proprietors Employment 
Average Earnings in Farming 
Average Earnings in Age. Services 
Average Earnings in Construction 
Average Earnings in Nondurable Manufacturing 
Average Earnings in Durable Manufacturing 
Average Earnings in Trans., Comm., & Utilities 
Average Earnings in Wholesale Trade 
Average Earnings in Retail Trade 
Average Earnings in Finance, Insurance and 

Real Estate 
Average Earnings in Services 
Average Earnings in Government 



SYMBOL 

y 
TEF 
TEAG 
TEe 
TEND 
TEo 
TETCU 
TEw 
TER 
TEFIRE 

TEs 
TEG 
PROPY 
T 
R 
ss 
UN 
GNP 
POP 

35 

TABLE 3.4 - continued 

DEFINITIONS 

Personal Income 
Total Earnings in Farming 
Total Earnings in Ag. Services 
Total Earnings in Construction 
Total Earnings in Nondurable Manufacturing 
Total Earnings in Durable Manufacturing 
Total Earnings in Trans., Comm., & Utilities 
Total Earnings in wholesale Trade 
Total Earnings in Retail Trade 
Total Earnings in Finance, Insurance, & 

Real Estate 
Total Earnings in Services 
Total Earnings in Government 
Dividends, Interest and Rent 
Transfer Payments 
Residence Adjustment 
Social Security Payments 
Florida Unemployment Rate 
United States Gross ~ational Product 
Population - Palm Beach County 

All monetary variables are in constant dollars (1972). 
National variables will be written using a superscript U. 
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TABLE 3.5 

OLS ESTIMATION OF OUTPUT BLOCK 

0 = °F + 0 AG + 0 c + 0 No + 0 o + 0 Tcu + 0w + 0 R + °FIRE 
+ Os + OG 

VARIABLE 

0 = 15.15 + .250 + .027Y 
F (20.26) (.24)Ft-1 (.0085) 

= .95 + .560AG 
(6.53) (.25) t-1 

+ .0048Y 
(.0043) 

= -157.62 + .480 + 4.470u 
( 7 0 . 9 ] 8 ) ( . ] 6 ) Ct- 1 ( ] . 3 7 ) C 

u 
-70.294 + .870ND + .018Y 
(.00048) (.48) (.0055) 

= 

0
0 

= -93.46 + 1.380U + .051Y 
( 9 4 . 9 4) ( . 71) 0 t -1 ( . 017) 

OTCU 
u + .190 = -171.77 + 2.380TCU 

(15.841) (.17) (. 04 9 ft-1 

Ow = -88.86 + .190 + .ooo14Yu 
( 3 9 . 8 4 ) ( . 1 3 ) Rt- 1 (.000074) 

OR = -155.15 + .390 + .00035Yu 
(.0007) (. 2 3) Rt-1 (.00014) 

OF IRE 
u 

+ .50c = -416.08 + 4.260FIRE 
(31.85) (.21) (.12) t-1 

Os = -135.42 + .400 + .085POP 
( 8 5 . 53) ( . 31) 8 t -1 (.042) 

OG = -47.0 + .056POP 
(13.44) ( .003) 

* b' our 1ns H statistic 

R2 

.70 

.80 

.75 

.87 

.87 

.97 

.93 

.95 

.98 

.94 

.97 

dw 

-1.86* 

-1. 17* 

2.39* 

.68 

1. 13 

1. 48 

1. 29 

-.084* 

1. 81 

1.1 5* 

1. 84 
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which, in turn, will lead to an increase in the demand for 

transportation, communications, utilities, finance, 

insurance and real · estate. The retail industry is also 

important because it provides a proxy for evaluating tourist 

activity in Palm Beach County which is positively related to 

the level of personal income in the United States. The 

wholesale industry is affected by the retail industry 

lagged. The service and government industries are driven by 

population thus reflecting the impact of retirees as well as 

inmigration. Generally the goodness of fit is high. 

However, the presence of some autocorrelation may make this 

statistic misleading. There is also some indication of 

multicollinearity but expected signs and magnitudes of the 

coefficients support the results from using ordinary least 

squares regression. 

Table 3.6 shows the results of estimation for the 

employment block. Generally the equations represent the 

demand for labor and this is supported by the negative 

relationship between average earnings and employment. The 

higher is average earnings, the less employment is demanded. 

The growth sector described in the output block was also 

developed for employment with lagged construction employment 

being highly significant in relationship to employment in 

transportation, communications, utilities, finance, 

insurance and real estate. The retail sector was estimated 

using lagged retail output highlighting the possibility that 
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TABLE 3.6 

OLS ESTIMATION OF EMPLOYMENT BLOCK 

N = N + NA + Nc + NND + ND + NTCU + NW + NR + NFIRE + Ns 
+ NF + Np G 

VARIABLE R2 dw 

NF = 3675.5 + .82N
1 

- .2435WF .95 .47* 
(1472.6) (.081 t- 1 ( .12) 

NA = 4 3.83 + 169.88QA - .1935WA .98 2.4 
(177.5) (7.0005) (.038) 

Nc = 10676 + 71.862Qc- .9278wc .99 1. 64 
(1539.8) (1.70) (.13) 

NND = 3556.3 + 48.205QND - .2509WND .96 2.33 
(1582.9) (9.80) ( • 2 4) 

ND = 14791 + 51.48Q
0 - 1.0513W0 .96 2. 18 

(2411.9) (3.12) ( • 2 3) 

NTCU = 1578.1 + 29.384QTCU + .051Nc .98 2.95 
(202.94) (1. 83) (.022) t- 1 

Nw = -495.80 + 17.032Qw + • 12NR .99 1.5 
(202.50) (1.83) (.21) t-1 

NR = 32440 + 91.186QR - 4. 0398WR .98 1. 33 
(12808) (7.55) t- 1 (1.83) 

NFIRE = -464.70 + 23.704QFIRE + .085Nc .95 1.7 
(886.55) (2.31) (.093) t- 1 

Ns = -4821.0 + 10.159POP .97 .58 
(2473.5) ( • 53) 

NG = -1663.1 + 5.89POP .97 .66 
(1315.7) (.28) 

Np = 3631.8 + . 5.1905Q .93 1. 06 
(962.36) ( • 39) 

*nurbin's H Statistic 
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retailers, more than other employers, react to past demand 

instead of present demand. Employment in the services and 

government sectors was found to be driven by population, 

again capturing the impact of increased demand created by 

retirees and inmigration. By using population as an 

explanatory variable one will be able to evaluate the impact 

of future growth on the service industries, and thus will 

provide useful information to local planning agencies. The 

goodness of fit is high throughout the employment block with 

the level of autocorrelation generally lower than it was in 

the output block. The presence of multicollinearity must 

again be considered but as with the output block the 

expected signs and magnitudes of the coefficients support 

the use of ordinary least squares. 

The results of estimation for the average earnings 

block are shown in Table 3.7. In an attempt to capture the 

simultaneous nature of the labor market average earnings 

were found to be a function of employment. Being supply 

side equations the relationship between average earnings and 

employment is positive with a larger supply of labor being 

associated with a higher level of average earnings. 

National average earnings were also found to be an influence 

on local average earnings. Four of the equations include 

the Florida unemployment rate as an explanatory variable. 

Generally, the higher is the unemployment rate, the lower 

the level of average earnings that is needed to attract 
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TABLE 3.7 

OLS ESTIMATION OF AVERAGE EARNINGS BLOCK 

VARIABLE R2 dw 

WF = 5678.8 + • 31WF - 255.43UN .65 -1.52* 
(1447.5) (.16) t-1 (97.087) 

WAG -39618 
. .U 

+ 2.0405NAG .75 1. 32 = + 4.7134WAG 
(8053) ( . 8 9) ( . 3 2) 

we = 1267.9 + .95wc - 123.95UN .82 1. 6 4 * 
(1278.4) (.12) t-1 (42. 724) 

WND 232.30 u 
+ .65129NND .90 1. 05 = + .66789WND 

(3311.1) (. 4 8) ( . 2 6) 

WD = -3405 
u .87 .92 + 1.4053W0 (1713 . 3) (. 15) 

= 242.23 + u 
+ .2oNrcu .96 1. 27 WTCU .75637WTCU 

(1114.4) (.118) (. 0 72 

ww = 4182.3 + .51692Ww + .14355wc .79 -1.84* 
(1108.5) (.10) t-1 (.06) 

WR = -3389.3 + 1.4285w0 
+ • 02532 7NR .90 1. 18 

(1404.5) (.31) R (.014) 

WFIRE 4713.9 u 257.67UN .98 1. 81 = + .62921WFIRE-
(3896.7) ( . 3 7) (68.45) 

ws = 11 7 0. 1 + • 8 9W 38.668UN .89 .079* 
(681.77) (.098?t-1 (24.85) 

WG 992.24 + u .94 1. 78 = .77345WG 

*ourbins H Statistic 
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suppliers of labor. This is supported by the negative sign 

shown for the coefficients of the Florida unemployment rate. 

The goodness of fit is slightly lower than for the previous 

two blocks but the labor market which is depicted by the 

employment block and the average earnings block provides 

useful impact analyses which will be further developed in 

the next chapter. 

Table 3.8 shows the estimation results for the 

income block. The majority of these equations are simply 

linearizations estimating total earnings by industry. The 

remaining equations are the other components of personal 

income. Property income is found to be a function of gross 

regional product. Transfer payments are estimated as a 

function of population and national transfer payments. 

Social Security payments are estimated as a function of 

total earnings. 

The Stability of the Model 

In this section the stability of the econometric 

model developed for Palm Beach County is examined. 

Stability analysis is necessary given the autoregressive 

nature of the simultaneous system. Before presenting the 

stability results it is helpful to review the effects of 

having such a structure. 

Throughout the model there are equations which 

have lagged dependent variables as explanatory variables. 
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TABLE 3.8 

OLS ESTIMATION OF INCOME BLOCK 

Y = TE + PROPY + T + R - SS 

TE = TEF + TEAG + TEC + TEND + TED + TETCU + TEW + TER 

+ TEFIRE + TES + TEG 

VARIABLE 

= -63506 + 10.008WF 
(6617.2) (.51) 

= -59.121 
(503.24) 

+ 1.4193WAG 
( • 0 9) 

= -157010 
(14802) 

+ 1480.5wc 
( 1. 25 J 

= -43930 + 4.111WND 
(2361.8) (.47) 

= -199960 + 14.861W0 (6419) (.57) 

-45944 + 3.3228WTCU 
(6191.4) (.83") 

= -47092 + 4.027Ww 
(3432.4) (.30) 

= -241370 + 37.825WR 
(32885) (4.34) 

+ 6.225NF 
(.358) 

+ 3. 911NAG 
(.115) 

+ 10.544Nc 
( • 2 1 ) 

+ 10.68NND 
( • 4 9) 

+ 13.459ND 
( • 1 8) 

+ 12.758NTCU 
( • 55) 

+ 11.761Nw 
( .062) 

+ 6.312Nw 
( • 1 7) 

-74153 + 8.2922WFIRE + 
( 1 3618) ( 1. 20) 

8.87NFIRE 
(.239) 

= -238370 + 27.087w8 (34670) (5.87) 

= -135960 + 19.284WG 
(6989.2) ( 1.10) 

+ 

+ 

8.554N8 (.301) 

7.079NG 
( • 0 5) 

PROPY = -90265 + .81PROPYt_ 1 + 135.69Q 
(52815) · (.14) (64.432) 

.97 

.99 

.99 

.99 

.99 

.99 

.99 

.99 

.99 

.99 

.99 

.99 

dw 

1. 21 

1. 30 

1. 18 

1. 23 

1. 29 

.75 

1.5 

.62 

.86 

1.07 

1.43 

1.75* 
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TABLE 3.8 (continued) 

VARIABLE R2 dw 

T = -372420 + .0012Tu + 12.17POP .99 .80 
(24472) (.0005) (18.59) 

ss = -30662 + .0708TE .98 1. 35 
(3486.2) ( .0023) 

*ourbins H. Statistic 
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An attractive quality of this type of structure is that an 

endogenous dynamic element is introduced into the model. 

Given this, the effect of an exogenous shock to the system 

can be evaluated over time as opposed to a static analysis. 

Autoregressive equations of the model can actually 

be viewed as distributed-lag equations, and through the 

Koyck transformation take the form of autoregressive 

equations. Equation 3.1 shows the general form of a 

distributed-lag function. 

( 3. 1 ) 

where n = 0, 1, •••• 

A is defined to be the rate of decline and is assumed to be 

between 0 and 1. Assuming all ai are of the same sign, 

the size of the coefficient becomes smaller as the lag 

increases. 3.1 can now be written as 

( 3. 2) + ••• + ut 

Lagging 3.2 one period and multiplying by A results in 3.3 



45 

Substracting 3.3 from 3.2 and rearranging terms gives 

{ 3. 4) 

where 

Thus the Koyck transformation demonstrates how the 

distributed-lag function shown by 3.1 can be viewed as the 

autoregressive function shown by 3.4. 

Using autoregressive equations introduces some 

statistical problems. First of all, given the form of the 

error term Vt' the problem of autocorrelation often 

arises. Also, by using Yt_ 1 as an explanatory variable 

there exists correlation between the error term and Yt_ 1 , 

which violates an assumption of Gauss-Markov. From this, 

coefficients estimated using ordinary least squares are no 

longer unbiased. Correcting for these problems is beyond 

most software capabilities. Also, the corrective methods 

which have been developed are for larger samples and their 

validity has not been proven for small samples such as that 

used for the model developed for Palm Beach County. Thus, 

ordinary least squares was used for estimation, keeping in 

mind the possibility of these statistical problems. 
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The stability of the model is evaluated by 

calculating the eigenvalues of the system. These 

eigenvalues also provide insight into the behavioral 

characteristics of model. The eigenvalues for the Palm 

Beach County model are shown in Table 3.9. The stability of 

the system is supported by the fact that each modulus is 

less than unity (see Chapter II). The modulus can also be 

used to identify those variables which have the most 

sustained impact on the local economy. Given some exogenous 

shock to the system, it would be those variables with moduli 

greater than .8 that would have the strongest long run 

impact on the local economy. For Palm Beach County such 

variables include total and average earnings in 

construction, total· earnings in services and property 

income. These results exemplify the type of economy which 

exists in Palm Beach county, that they are dominated by 

service industries and construction. 

A second characteristic of the model is revealed 

by the fact that none of the eigenvalues have imaginary 

roots. A system of this type is said to be monotonic in 

nature. Given this, an exogenous shock to the system would 

cause the variables of the system to approach some new level 

and then remain constant. And as stated before, those 

variables which have the larger moduli will be those which 

have the strongest influence on the level of the system in 

the long run. 
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Table 3.9 

EIGENVALUES OF THE SYSTEM 

VARIABLE REAL IMAGINARY MODULUS 

Average Earnings in Agriculture .25 0.0 .25 

Average Earnings in Construction .83 0.0 .83 

Average Earnings in Nondurable 
Manufacturing .56 0.0 .56 

Average Earnings in Fin., Ins., 
and Real Estate .48 0.0 .48 

Average Earnings in Government .39 0.0 • 39 

Total Earnings in Farming .40 0.0 .40 

Total Earnings in Construction .82 0.0 .82 

Total Earnings in Retail • 3 1 0.0 • 31 

Total Earnings . in Tran., Comm., 
and Utilities .52 0.0 .52 

Total Earnings in Services .95 0.0 .95 

Property Income .82 0.0 .82 
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In summary, the autoregressive nature of the model 

developed for Palm Beach County makes stability analysis an 

important consideration. By calculating the eigenvalues of 

the system it was found that this model was indeed stable. 

The eigenvalues also identified construction earnings, 

service earnings, and property income as those valuables 

which have the most sustained impact on the local economy, 

thus highlighting the structure of the economy of Palm Beach 

County. 



CHAPTER IV 

APPLICATIONS OF THE PALM BEACH COUNTY MODEL 

In this chapter the regional econometric model 

developed for Palm Beach county in chapter III is used for 

impact analyses and evaluated for forecasting performance. 

The first section traces the impacts of the national 

construction industry via the local construction industry on 

the local economy. The second section looks at two 

additional impact analyses. First, the impact of high-tech 

manufacturing is looked at. Second, the impact of national 

personal income on the trade industries is examined. The 

next section compares the income multipliers from these 

three impact analyses. The final section is an evaluation 

of the model's forecasting performance. 

The Impact of the National 
Construction Industry 

Impact analysis is conducted through the use of 

the different multipliers which were discussed in chapter 

II. A sample of these multipliers for United States 

construction output are shown in Table A.1 of the appendix. 

49 
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The following analysis traces the impact of a one billion 

dollar increase in national construction output. 

The effect of a one billion dollar increase in 

national construction output can be seen to have an 

immediate effect on the local economy as well as two delayed 

effects. Initially the one billion dollar increase in 

national construction output causes local construction 

output to increase by 4.47 million dollars. This increase 

in local construction output generates 321 new construction 

jobs which in turn causes total earnings in local 

construction to increase by 3.38 million dollars. Thus, 

each new construction worker has an average earnings of 

$10,529.00 (all figures are in 1972 dollars). This increase 

in personal income leads to an additional increase in gross 

regional product of .4 million dollars. Forty-one 

additional jobs are also created through this increase in 

gross regional product. Property income is affected by the 

increase · in gross regional product, increasing by .66 

million dollars. Total earnings is seen to increase by 3.58 

million dollars which causes social security payments to 

increase by .25 million dollars. With this, personal income 

increases by 3.99 million dollars. Figure 4.1 illustrates 

the immediate effect of this one billion dollar increase in 

national construction output. 
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$1 billion t $4.47 million t 
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The first delayed effect takes place through the 

development sector described in Chapter III. The increqse 

in local construction output has a lagged effect on local 

output in transportation, communications, and utilities of 

.85 million dollars and on local output in finance, 

insurance and real estate of 2.23 million dollars. These 

increases in local output generate 41 jobs in 

transportation, communications, and utilities, and 80 jobs 

in finance, insurance and real estate. These employment 

increases cause total earnings in transportation, 

communications, and utilities to increase by .55 million 

dollars and total earnings in finance, insurance, and real 

estate to increase by .71 million dollars. This increase· in 

total earnings affects personal income, gross regional 

product, property income and social security similar to that 

illustrated in Figure 4.1. 

The second delayed effect is again traced through 

the local construction industry. The initial one billion 

dollar increase in national construction output is seen to 

have a lagged effect on local construction output of 2.14 

million dollars. This in turn generates 154 new 

construction jobs which increases total earnings in 

construction by 1.62 million dollars which represents an 

average earnings of $10,519.00 for each new construction 

employee. This delayed effect, combined with the delayed 

effect described above, causes total employment to increase 
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by 323 and total earnings to increase by 3.1 million 

dollars. Gross regional product increases by 5.68 million 

doliars causing property income to increase by 1.31 million 

dollars. Social security payments increase by .22 million 

dollars and personal income increases by 4.19 million 

dollars. 

This analysis can be extended again by having this 

second delayed effect causing a third delayed effect through 

the development sector and so on. By extending time 

infinitely into the future the long run effect of a one 

billion dollar increase in national construction output can 

be seen. This is illustrated in Figure 4.2. In the long 

run, gross regional output increases by 17.02 million 

dollars, employment increases by 1041 and personal income 

increases by 21.62 million dollars. 

Other Impact Analyses 
for Palm Beach County 

In Chapter III it was pointed out that the salary 

range in Palm Beach's durable manufacturing industry was 

considerably higher than the other counties in the region. 

This would suggest that the production in Palm Beach is in 

the area of high technology which is an area that is 

experiencing nationwide growth. Given the importance of 

high technology in today's world it is interesting to trace 

the impact of national durable manufacturing on local 
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durable manufacturing, thus capturing some of the impact of 

high technology on Palm Beach county. The multipliers 

generated through national durable manufacturing output are 

shown in Table A.2 of the appendix. 

Palm Beach County's durable manufacturing output 

was found to lag national durable manufacturing output. 

From this, a one billion dollar increase in national durable 

manufacturing output leads to a 1.44 million dollar increase 

in local durable manufacturing output. This increase in 

output creates 74 new jobs which leads to an increase in 

total earnings in durable manufacturing of one million 

dollars. This increase in total earnings causes personal 

income to increase which in turn increases gross regional 

product, property income and total earnings. Similar to the 

previous impact analysis, this process can be extended in 

order to capture the long run result of a one billion dollar 

increase in national durable manufacturing. This is 

illustrated in Figure 4.3. 

The impact of tourism on Palm Beach County can be 

measured by examining the multipliers for United States 

personal income. These are shown in Table A.3 of the 

appendix. Table A.3 shows that the majority of the 

influence of National personal income is in the trade 

industries. 

In this example assume National personal income 

has decreased by one billion dollars. Thus, the impact of a 
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slight recession can be examined in regards to the Palm 

Beach County trade sector. Given this decrease in National 

personal income, local retail trade would experience an 

immediate decrease in output of 350 thousand dollars. Local 

wholesale output would also decrease by 140 thousand 

dollars. This decrease in output leads to a small immediate 

decrease in local trade employment. The full effect of this 

decrease in output is not experienced until the following 

year when local trade employment is seen to decrease by 30 

people. This is because retailers were found to react to a 

decrease in demand with a lag. Given this decrease in local 

employment, local earnings decreases by 28 thousand dollars 

in the wholesale industry, and decreases by 210 thousand 

dollars the following year in the retail industry. This 

decrease in total earnings decreases local personal income 

and gross regional product. An initial decrease in National 

personal income has thus affected local output, income and 

employment. The long run effect of this decrease in 

National personal income is illustrated in Figure 4.4. 

Tourism would also affect the service industry but 

due to the structure of this model for Palm Beach County 

this impact is not shown. Because of estimation problems 

National personal income could not be included for local 

services. It was felt that local population had more of an 

impact on the service industry and was chosen as the 

explanatory variable. This point exemplifies the trade-
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offs that need to be made when developing a regional 

econometric model. Not all activity can be captured with 

one model, thus priorities must be established when 

developing a regional econometric model. 

A Comparison of Income Multipliers 

Multiplier analysis is a useful tool when 

evaluating the degree to which different impacts affect a 

key local economic variable, such as personal income. This 

section examines the income multipliers generated by a 

change in output in local construction, durable 

manufacturing and trade. 

An income multiplier is calculated by dividing the 

change in income by the change in output, given some shock 

to the system. This income multiplier is shown in Table 4.4 

for each of the industries mentioned. Given these 

multipliers one can evaluate the impact a particular type of 

industry has on the local economy. 

Table 4.1 shows that local construction has an 

income multiplier of 2.52. Durable manufacturing has an 

income multiplier of 1.47 and the trades sector has an 

income multiplier of 1.46. From this one can conclude that 

the local construction industry has a greater effect on the 

local economy by generatins more activity which leads to a 

larger increase in local personal income. A one million 

dollar increase in local construction leads to a 2.5 million 
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TABLE 4.1 

INCOME MULTIPLIERS 

Change in Change in Multiplier 
Output Income 

Construction 8.59 21.62 2.52 

Durable Manufacturing 1.49 2.17 1. 47 

Trade .as 1.2 1.46 
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dollar increase in personal income. Whereas a one million 

dollar increase in manufacturing or trade leads only to a 

1.5 million dollar increase in personal income. This result 

is consistent with the structure of the model because the 

construction industry was found to influence the other 

development industries which in turn have an impact on 

personal income as well. 

This type of multiplier analysis is useful to 

local planning agencies and economic development boards 

because it provides information about the potential economic 

impact a certain industry may have on the local economy. 

Given this information one can evaluate different 

alternatives as to their effects on the economy. Multiplier 

analysis provides information about the economic composition 

of a particular region thus aiding those who are concerned 

with maintaining economic stability and growth. 

Forcasting Performance 

A second application of a regional econometric 

model is in the area of forecasting. The following section 

is an evaluation of the forecasting performance of the 

regional econometric model developed for Palm Beach County. 

A common technique used to measure the forecasting 

accuracy of an econometric model involves caluclating ex 

post forecasts. Ex post forecasts for Palm Beach County 

were obtained by using a technique usually used for ex ante 
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forecasts (see Chapter II). With this, the only information 

assumed known were the values of the exogenous variables. 

The values of the lagged endogenous variables were 

determined by the model itself. This method of forecasting 

was used because there are numerous equations which have 

lagged endogenous variables as explanatory variables and the 

forecasting ability of the model can be more realistically 

evaluated by allowing the model to determine the values of 

these lagged endogenous varibles. 

Given these ex post forecasts one is able to 

calculate mean absolute percentage errors (MAPEs). The MAPE 

statistics for the econometric model of Palm Beach County 

are shown in Table 4.2. The researcher can use these 

statistics to identify equations which may ~equire further 

estimation analysis. For example, the MAPE statistic for 

construction output is 24%. An examination of the estimated 

equation for construction output reveals a somewhat lower 
~2 

adjusted coefficient or correlation ( R = .75). With this 

particular variable further analysis did not lead to a 

better equation therefore the forecasting error was 

accepted. 

The simultaneous nature of the model also needs to 

be considered when evaluating these MAPE statistics. For 

example, the equation for construction employment has a MAPE 

of 33%. This error does not necessarily reflect problems 

with the employment equation itself. Since construction 
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Table 4.2 

MEAN ABSOLUTE PERCENTAGE ERRORS 
(Sample Period 1973-1977) 

VARIABLE 

Farming Product 
Age. Servies Product 
construction Product 
Nondurable Manufacturing Product 
ourable Manufacturing Product 
Trans., Comm., and Utilities Product 
Wholesale Trade Product 
Retail Trade Product 
Fin., Ins., and Real Estate Product 
Services Product 
Government Product 
Gross Regional product 
Farming Employment 
Age. Services Employment 
construction Employment 
Nondurable Manufacturing Employment 
ourable Manufacturing Employment 
Trans., Comm:, and Utilities Employment 
wholesale Trade Employment 
Retail Trade Employment 
Fin., Ins., and Real Estate Employment 
Services Employment 
Government Employment 
Proprietors Employment 
Total Employment 
Average Earnings in Farming 
Average Earnings in Age. Services 
Average Earnings in Construction 
Average Earnings in Nondurable Manufacturing 
Average Earnings in Durable Manufacturing 
Average Earnings in Trans., Comm., and Utilities 
Average Earnings in Wholesale Trade 
Average Earnings in Retail Trade 
Average Earnings in Fin., Ins., and Real Estate 
Average Earnings in Services 
Average Earnings in Government 

MAPE 
STATISTIC(%) 

12.98 
8.89 

23.73 
3.34 
6.47 

1 1 • 91 
8.78 
5.97 
8.60 
7.41 
4.97 
6.87 
5.84 
7.19 

32.27 
4.27 
7.06 

1 3. so 
9.86 
4.48 

11.29 
2.51 
3.30 
1.86 

13.09 
3.96 

24.78 
17.53 
2.38 
1.45 
2.07 
5.81 

.76 
5.05 
3.63 

.73 
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Table 4.2 (continued) 

VARIABLE 

Total Earnings in Farming 
Total Earnings in Age. Services 
Total Earnings in Construction 
Total Earnings in Nondurable Manufacturing 
Total Earnings in Durable Manufacturing 
Total Earnings in Trans, Comm., and Utilities 
Total Earnings in Wholesale Trade 
Total Earnings in Retail Trade 
Total Earnings in Fin., Ins., and Real Eastate 
Total Earnings in Services 
Total Earnings in Government 
Total Earnings 
social Security Payments 
Dividend, Interest, and Rent 
Transfer Payments 
Personal Income 

MAPE 
STATISTIC(%) 

4.36 
1 0. 18 
20.60 

4. 17 
6.86 

14.43 
7.09 
4.03 

10.80 
3.21 
3.49 
5.78 

11. 2 9 
8. 35 . 
2.20 
5.36 
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employment is a function of construction output, it could 

very well be , the output equation which introduces the error. 

If forecasting was the main application of this model, a 

different equation could have been used for construction 

employment. However, since impact analyses were being 

emphasized it was more useful to keep the original estimated 

equation. The researcher must have a well defined set of 

goals in order to make these type of estimation choices. A 

summary of the MAPE statistics are shown in Table 4.3. 
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TABLE 4.3 

DISTRIBUTION OF MEAN 

ABSOLUTE PERCENTAGE ERRORS 

MAPE STATISTIC 

10% or more 

5 - 9.99% 

- 4.99% 

DISTRIBUTION (%) 

25.00 

34.62 

40.38 



CHAPTER V 

SUMMARY AND SUGGESTIONS FOR FURTHER RESEARCH 

Econometric modeling at the sub-state level has 

grown in popularity throughout the 1970's. This thesis has 

presented such a model estimated for the region of Palm 

Beach County. Palm Beach County was chosen for such an 

analysis because of its size, location and economic 

composition. 

This thesis contains three main chapters, the 

first major chapter, chapter two, contains an overview of 

regional econometric models. The first section of this 

chapter describes the general structure of an econometric 

model recognizing the work of Glickman as a prototype for 

regional econometric models. The general structure defines 

blocks of important economic variables which interact 

simultaneously in a local economy. Generally, this block 

structure defines an output block, an employment block, an 

income block, a wage block and a government 

revenue/expenditures block. The second section describes 

forecasting techniques and methods used to evaluate the 

forecasting performance of a regional econometric model. In 

this section it is shown how both ex post and ex ante 

67 
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forecasts are generated. It was also shown how these ex 

post forecasts can be used to evaluate the model's 

forecasting performance. This is accomplished by 

calculating such statistics as the mean absolute percentage 

error or Theil's "U" coefficient. The chapter concludes 

with a section describing the use of regional econometric 

models in the area of impact analysis. By calculating 

impact, delayed and long run multipliers one is able to 

conduct a variety of impact analyses. 

Chapter three presents the estimation results of a 

econometric model for Palm Beach County. The first section 

is a general review of the economic structure of Palm Beach 

County. Highlighted is the importance of the retiree 

population and the dominance of the service and construction 

industries. The second section identifies the data sources 

and presents the estimation results from ordinary least 

squares analysis. The main source of data used for 

estimation was provided by the u.s. Department of Commerce. 

From this source, data on Palm Beach employment and income 

variables are available on a consistent annual basis for the 

years 1967-1981 defining 11 industrial sectors. 

The model contains four distinct blocks. The 

first block, the output block, is composed of 11 stochastic 

equations and one identity. Within the output block a 

"development" sector was defined which includes 

construction, transportation, communications, utilities, 

finance, insurance and real estate. A secona subgroup was 
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identified depicting the interaction of the wholesale and 

retail trade industries. Retiree impact is captured in both 

subgroups with the development sector depicting capital 

expenditures (i.e., new construction) and the trade 

industries reflecting current expenditures. The remaining 

stochastic equations are expressed as functions of national 

and local demand using the respective personal income 

variables as a proxy for demand. 

The second block, the employment block, consists 

of 12 stochastic equations and one identity. Similar to the 

output block, subgroups were defined in order to capture the 

simultaneity of particular industries in the local economy. 

The remaining stochastic equations represent demand 

equations relating local employment with local output and 

local average earnings. With this, one captures the 

negative relationship between average earnings and the 

demand for labor. The third block, the average earnings 

block, consists of 11 stochastic equations. In an attempt 

to capture the simultaneous nature of the labor market 

average earnings were found to be a function of employment. 

Being supply side equations, the relationship between 

average earnings and employment was found to be positive. 

The final block, the income block, consists of 14 stochastic 

equations and 2 identities. Eleven of the stochastic 

equations represent linearized approximations of total 

earnings by industry. The remaining stochastic equations 

estimate the other components of personal income. Property 
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income was found to be a function of gross regional product. 

Transfer payments were found to be a function of population 

and national transfer payments. Social security payments 

were estimated as a function of total earnings. 

The structure of the model captured the 

interaction of the labor market as well as the interaction 

between output and employment. Personal income was also 

tied back into the output market with personal income being 

used as a proxy for local demand. By identifying the 

subgroups defined earlier there was also interaction within 

each block. As was shown in chapter four this type of 

structure lent itself to the application of various impact 

analyses. The lag structure of the model also aided in such 

analyses. 

The final section of the third chapter evaluated 

the stability of the econometric model constructed for Palm 

Beach County. In this section the autoregressive nature of 

the model was discussed pointing out some of the statistical 

problems inherent in such a structure. The problems of 

autocorrelation and correlation between the error term and a 

explanatory variable both were discussed. The stability of 

the model was confirmed by an examination of the eigenvalues 

of the system which found each modulus to be less than 

unity. 

The final major chapter, chapter four, 

demonstrates some applications of the econometric model 

developed for Palm Beach County. In the first section the 
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impact of national construction activity was evaluated. 

After calculating the multipliers associated with national 

construction output the impact of a change in national 

construction output could be evaluated. It was found that 

an increase in national construction output of 1 billion 

dollars would lead to a long .run increase in gross regional 

product of 17.02 million dollars. Local total employment 

was found to increase by 1041 causing local total earnings 

to increase by 10.12 million dollars. Personal income was 

found to increase by 21.62 million dollars. This increase 

in local personal income also contributed to the increase in 

9ross regional product. 

In the second section of chapter four two 

additional impact analyses were presented. The first 

analysis traced the impact of national durable manufacturing 

output on the local economy. It was found that a 1 billion 

dollar increase in national durable manufacturing output 

would lead to a long run increase in ·gross regional product 

of 1.63 million dollars. Total employment was found to 

increase by 80 leading to an increase in total earnings of 

1.07 million dollars and an increase in personal income of 

2.17 million dollars. The final impact analysis evaluated 

the impact of a 1 billion dollar decrease in national 

personal income thus capturing the effect of a slight 

recession on the trade industries of Palm Beach. This 

decrease in national personal income led to a long run 
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decrease in gross regional product of 1 million dollars 

causing total employment to decrease by 68 and local total 

earnings to decrease by .53 million dollars. Local personal 

income was found to decrease by 1.2 million dollars. 

From these three impact analyses income 

multipliers were calculated so that the various industries 

impacts on the local economy could be compared. This 

analysis led to the conclusion that the construction 

industry had the strongest influence on the local level of 

personal income. It was shown that an increase of local 

construction output of 1 million dollars would cause local 

personal income to increase by 2.52 million dollars whereas 

a 1 million dollar increase in local durable manufacturing 

output or local trade output would lead to only a 1.5 

million dollar increase in local personal income. This 

result is supportive of the structure of the model in which 

the construction industry was found to influence 

transportation, communications, utilities, finance, 

insurance and real estate thus having a greater influence on 

the overall level of local economic activity. 

The fourth chapter concludes with an evaluation of 

the forecasting performance of the model. This was done by 

generating ex post forecasting for the period 1973-1977 and 

then calculating the mean absolute percentage errors. It 

was found that 40% of the variables had less than 5% 

forecasting error. Because the emphasis of this model was 
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on impact analyses no further adjustments were made to the 

system of equations after calculating the MAPE statistics. 

This could be a possible area for future research. 

The strong points of this econometric model of 

Palm Beach County include the depiction of the development 

sector and the trade sector. Through this the impact of the 

retiree population and tourism could be evaluated. Also the 

simultaneity of the labor market was introduced through the 

employment and wage blocks. 

There are however some statistical problems 

inherent to the autoregressive nature of the model. Further 

statistical methods should be examined in order to fully 

measure the extent of these problems. Along with further 

statistical analysis and a more detailed examination of the 

forecasting capabilities this final point should be 

considered. Many regional econometric models have built in 

them a government revenue/expenditures block. At the 

regional level those data necessary for such a block are 

difficult to collect and often inconsistent over time. 

However, in future econometric studies of Palm Beach County 

it would be useful to investigate the development of such a 

government block. 
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TABLE A. 1 

MULTIPLIERS FOR THE EXOGENOUS 

variable National Construction Output 

LAG 
VARIABLE 0 1 2 3 LONG RUN 

QF • 1 1 • 1 4 • 11 .08 .78 

QAG .02 .03 .03 .03 .24 

Qc 4.47 2.14 1. 03 .49 8.59 

QMD .07 .08 .05 .04 .39 

QD .20 • 21 • 15 • 1 1 1. 10 

QTCU .00 .85 • 4 1 .20 1. 63 

Qw .oo .00 .oo .00 .oo 

QR .00 .00 .00 .00 .00 

QFIRE .00 2.23 1. 07 • 51 4.29 

Os .00 .00 .oo .00 .oo 

QG .00 .00 .00 .00 .00 

Q 4.87 5.68 2.85 1. 46 17.02 

NF .00 .00 .00 .00 .00 

NAG 2.33 3.76 3.79 3.35 28.72 

Nc 320.91 154.04 73.94 35.49 617.13 

NND 2.97 3.13 2. 1 5 1. 57 16. 1 2 

ND 10.47 1 1 • 0 1 7.56 5.51 56.76 

NRU .00 41.30 19.82 9.51 79.42 

Nw .00 .00 .00 .00 .00 

NR .00 .00 .oo .oo .00 

NFIRE .00 80.20 38.50 18.48 154.24 
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TABLE A.3 - continued 

LAG 
VARIABLE 0 1 2 3 LONG RUN 

Ns .oo .oo .00 .00 .oo 

NG .00 .oo .00 .00 .00 

Np 2.59 1.23 .54 .24 4.99 

N s. 37 32.59 16.73 6.82 67.97 

Wp .00 .00 .00 .00 .00 

WAG • 1 2 .44 .so .43 3.20 

we .00 .oo .00 .00 .00 

WND .05 • 1 5 • 1 0 • 06 .57 

Wn .00 .00 .00 .00 .00 

WTl-'1 .00 .00 .00 .00 .00 

ww .00 .00 .oo .oo .00 

WR .00 .73 .29 • 1 1 1. 20 

WFIR.E .oo .00 .oo .oo .00 

ws .00 .00 .00 .00 .00 

WG .00 .00 .00 .00 .00 

T~ .00 .oo .oo .00 .00 

TEAG .39 1. 45 1.67 1. 44 10.67 

TEe .00 .00 .oo .00 .oo 

T~D .98 3.09 2.14 1. 28 11 • 7 5 

TE 3.48 10.94 7.58 4.54 41.68 
D 

TE.reu .00 .00 .00 .00 .00 

TE 28.04 13.57 46.15 18.00 117.28 
w 

T~ .oo 210.49 82.09 32.02 345.07 
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TABLE A.1 -continued 

LAG 
VARIABLE 0 1 2 3 LONG RUN 

TEFIRE .00 711.37 341.46 163.90 1368.02 

TE8 .00 .00 .00 .00 .00 

TEG .00 .00 .00 .00 .00 

TE 3580.12 3105.31 1543.40 783.73 10115.80 

ss 253.47 219.86 109.27 55.49 716.20 

PROPY 660.47 1307.04 1446.80 371.61 12218.51 

TRAN .00 .00 .oo .00 .00 

y 3.99 4.19 2.88 2. 1 0 21.62 
. 
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TABLE A.2 

MULTIPLIERS FOR THE EXOGENOUS 

Variable National Durable Manufacturing Output 

LAG 
VARIABLE 0 1 2 3 LONG RUN 

Qp .00 .03 • 0 1 • 0 1 .08 

QAG .00 • 0 1 .00 .oo .02 

Oc .00 .oo .00 .00 .00 

QND .00 .02 .00 .04 .04 

QD .00 1. 44 • 0 1 • 0 1 1. 49 

QTCU .00 .oo .00 .oo .00 

Ow .00 .00 .oo .00 .00 

QR .00 .00 .oo .00 .00 

QFIRE .oo .oo .00 .oo .00 

Qs .oo .00 .00 .00 .00 

QG .00 .oo .oo .oo .00 

Q .00 1. 50 .03 .02 1. 63 

NF .00 .00 .00 .00 .00 

NAG .00 .67 .48 .35 2.88 

Nc .00 .00 .00 .00 .00 

~D .00 .85 • 1 3 • 1 1 1. 62 

~ .00 74.05 .47 .39 76.74 

NTCU .oo .00 .00 .00 .00 

Nw .oo .oo .oo .oo .00 

N .00 .00 .00 .00 .00 R 

NFIRE .oo .00 .oo .00 .00 
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TABLE A.2 - continued 

LAG 
VARIABLE 0 1 2 3 LONG RUN 

Ns .00 .00 .00 .00 .oo 

NG .oo .00 .00 .00 .00 

· N 
p .oo 7.76 • 1 5 • 1 1 8.47 

N .00 83.33 1.23 .96 89.71 

WF .00 .00 .00 .00 .00 

WAG .00 1. 36 .98 .72 5.88 

we .00 .00 .00 .00 .00 

WND .00 .56 .09 .07 1. 05 

w 
D 

.00 .00 .00 .oo .00 

w 
TCU 

.00 .00 .00 .oo .00 

w w .00 .00 .oo .00 .00 

w .00 .00 .oo .oo .00 
R 

WFIRE .00 .00 .oo .00 .00 

w .00 .00 .00 .00 .00 
s 

I 

w .00 .00 
G 

.00 .00 .00 

TE .00 .00 
F 

.00 .oo .00 

TE 
AG 

.00 4.55 3.26 2.41 19.62 

TE c .00 .00 .00 .oo .00 

TE 
ND 

.00 11. 39 1. 78 1. 4 7 21. 61 

TE .00 996.57 
D 

6.33 5.22 1032.81 

TE 
TCU .00 .00 .00 .oo .00 

Tfw .00 .oo .00 .oo .00 

TER .00 .00 .oo .00 .00 
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TABLE A.2 - continued 

LAG 
VARIABLE 0 1 2 3 LONG RUN 

TE .oo .00 .00 .00 .00 
FIHE 

TES .00 .00 .00 .00 .00 

TEG .00 .00 .oo .00 .00 

TE .oo 1012.52 11.37 9. 1 1 1074.05 

ss .00 71.69 .81 .65 76.04 

T • 0 0 .00 .00 .00 .00 

PROPY .00 202.90 168.46 139.37 1171.27 

y .oo 1. 14 • 1 8 • 1 5 2.17 
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TABLE A.3 

MULTIPLIERS FOR THE EXOGENOUS 

variable National Personal Income 

LAG 
VARIABLE 0 1 2 3 LONG RUN 

QF .oo • 0 1 • 0 1 • 0 1 .04 

QAG .00 .oo .00 .00 • 0 1 

Qc .00 .oo .00 .oo .00 

QND .00 • 0 1 .00 .00 .02 

QD • 0 1 .02 • 0 1 • 0 1 .06 

QTCU .00 .00 .00 .00 .00 

Ow • 1 4 .07 .03 • 0 1 .25 

QR .35 • 1 4 • 0 5 .02 .57 

QFIRE .00 .00 .00 .00 .00 

Qs .00 .00 .00 .00 .00 

QG .00 .00 .00 .00 .00 

Q .50 .24 • 1 0 .05 .96 

N .00 .00 .00 .oo .00 F 

N .06 • 2 1 .24 • 2 1 1. 57 AG 
N .oo .oo 

c 
.00 .00 .00 

N 
ND 

.07 .23 • 1 6 • 1 0 .88 

N .26 • 8 1 .56 .34 3. 1 0 
D 

N 
TCU 

.00 .00 .oo .00 .oo 

N 2.38 1. 15 3.92 1. 53 9.97 w 
NR .00 28.95 11.29 4.40 47.46 

NFIRE .00 .00 .00 .00 .00 
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TABLE A.3 - continued 

LAG 
VARIABLE 0 1 2 3 LONG RUN 

Ns .00 .00 .00 .oo .00 

NG .00 .00 .00 .oo .00 

N 2.59 1. 23 p .54 .24 4.99 

N 5.37 32.59 16.73 6.82 67.97 

w 
F 

.00 .00 .00 .00 .00 

WAG • 12 .44 .50 .43 3.20 

w c .00 .oo .00 .00 .00 

WND .05 • 1 5 • 1 0 .06 .57 

WD .00 .00 .00 .00 .00 

WTCU .00 .00 .00 .00 .00 

ww .00 .00 .00 .00 .00 

WR .00 .73 .29 • 1 1 1. 20 

WFIRE .oo .00 .00 .00 .00 

ws .00 .oo .00 .00 .00 

WG .00 .00 .00 .00 .00 

TEF .00 .00 .00 .00 .00 

TEAG .39 1. 45 1. 67 1. 44 10.67 

TEC .00 .00 .00 .oo .oo 

TE 
ND 

.98 3.09 2.14 1. 28 1 1 • 7 5 

TE 
D 

3.48 10.94 7.58 4.54 41 • 68 

TETCU .00 .oo .00 .00 .00 

TEW 28.04 13.57 46.15 18.00 117.28 

TER .00 210.49 82.09 32.02 345.07 
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TABLE A.3 - continued 

LAG 
VARIABLE 0 1 2 3 LONG RUN 

TEFIRE .oo .00 .oo .00 .00 

TEs .00 .00 .00 .00 .00 

TEG .00 .00 .00 .00 .00 

TE 32.89 239.54 139.63 57.28 526.45 

ss 2.33 16.96 9.89 4.06 37.27 

T .00 .00 .oo .00 .00 

PROPY 67.83 87.09 84.81 75.18 690.33 

y • 1 0 • 3 1 • 2 1 • 1 3 1. 18 
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