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CHAPTER I

INTRODUCTION

Statement of the Problem

The National Environmental Policy Act (NEPA) was signed

into law on January 1, 1970. It is the stated policy of the Federal

government tha t before any decisions on Federal act ivi t ies  or programs

are made by any agency, the responsible officials of that agency shall

carefully and thoroughly assess the action ’s possible consequences to

man t s environment. Programs conducted by the Department of Defense

have the potential of extreme influence on the economic quality of the

environment of communities surrounding military installations and ,

therefore, mus t be examined in the light of NEPA. The region of eco-

nomic influence around a poin t is more difficult to determine than the

area of ecological effect , but the courts have ruled economic influence

important to consider in the decisions of Federal agencies. Yet , the

bas ic problem exists : there is no generally accepted method for  defin-

ing the region of economic influence around a military installation

(22:2 4 )  for an environmental impact assessment.  ~ his creates  an

inherent susceptibility to charges of a rb i t ra r iness  and capriciousness
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(20:8ERC1154) in the selection of areas for analys is  in making impact

assessments.

Background

In discussing NEPA an independent research group said,

the statute is so broad , yet opaque, that it will take even longer

than usual to fully comprehend its import [14:3].” The purpose of the

act is to “ . . . encourage productive and enjoyable harmony between
man and his environment . . . and fulfill the social, economic, and

other requirements of present and future Americans [16]. 1 NEPA

provisions are binding on all activities of the Federal government. It

requires that careful consideration be given to any major activity which

might significantly affect the quality of the human environment.  If the

impact of such activi ties by a Federal agency is consider ed s ign if i can t ,

an Environmental Impac t Statement (EIS ) will be completed by the

responsible Federal official of that agency for the purpose of outlining:

(i) the environmental impact of the proposed action ,
(ii) any adverse environmental effects which cannot

be avoided should the proposal be implemented,
(iii) alternatives to the proposed activities ,
(iv ) the relationship between local shor t - term uses

of man’s environment and the maintenance and enhance-
ment of long term productivity, and

(v) any irreversible and irretrievable commitments
of resources which would be involved in the proposed
aátion should it be taken [16].

The Department of Defense (DoD) rei terated this national policy and

issued specific instructions for its component agencies to:

2 
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Assess at the ear l ies t  practical  stage in the planning
process and in all instances prior to the f i r s t  s ignif icant
point of decision the environmental  consequences of pro-
posed actions .

Use a systematic interdiscipl inary approach in plan -
fling and decision making.

F . Prepare and process , under criteria contained in the
directive, a detailed environmental impact statement on
every recommendation or report on proposals for legisla-
tion and on other major defense actions which are expected
to be environmentally controversial  or s ignificantly affect
the quality of the human environment.

Stud y, develop, and describe appropriate al ternatives
to the recommended courses of action in any proposal which
involves unresolved conflicts concerning al ternat ive uses of
available resources [19].

The importance of considering socio-economic factors  in

Environmental Impac t Assessments  (EIA ) was demonstrated to the DoD

in several court cases. The Department of the Army was enjoined on

October 31, 1975 from proceeding with the proposed transfer of func-

tions of the Lexington-Bluegrass Army Depot f rom Kentucky to depots

in California and Pennsylvania for fai lure to properly assess the phys-

ical and sociolog ical impacts the proposed t rans fe r  would have upon the

greater  Lexington , Kentucky area ( a ) .  The Department of the Navy

faced similar action in two court cases in 1975 contest ing the expansion

of existing facilities in the states of Mississippi and Washington (7;  13).

In the Department of the Air Force , realignment at Richards-Gebaur

AFB has been delayed indefinitely due to the EIA’s failur e to full y con-

sider all aspects of impact on surrounding communities. Since June 19,

1975 the Air Force has been “enjoined and prohibited” by the court (20)

f rom making a decision on the realignment action. Savings would have

3 
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been an estimated $11 million through June 30 , 1976 and $16 million

annually thereafter (20 :12 ) .  Although the provisions of NEPA were

F seriously considered in forming the EIA for  Richards -Gebaur , the

presiding Federal jud ge ’s injunctive decision said , “ . . . no attemp t

was made to determine whether that impact would be spread across the

greater Kansas City area or localized in the areas immediately sur-

rounding the base . . . [20:2 1]. ” Throughout the decision , the court

was critical of the Air Force ’s failure to use a “ systematic, interdisci-

plinary approach” as directed by NEPA (20:68) . Additionally, tes t imony

revealed tha t the EIA was made with data gathered solely in Washington ,

D.C.  (20:13).

The Department of the Army responded to environmental policy

by taskin g the Construction Engineering Research  Laboratory (CERL)  1

at Champaign , Illinois to develop a computer based aid for preparing

impact assessments (15:18). The result  was the Environmental Techni-

cal Information System (ETIS), designed to provide expert technical

information to installation commanders for the complete and objective

assessment of the environmental impacts of Army programs , as

required by NEPA and DoD directives (23 :ii) .  ETIS embodies the

1The Construction Engineering Research Laboratory was
established in 1968 to support the Office of the Chief of Engineers ( OCE)
of the Department of the Army . CERL’ s Environmental and Energy
Systems Division is involved in comprehensive environmental  research
to be respon sive to the provisions of the National Environmental Policy
Act , Executive Orders , and Department of Defense guidelines (18: 1) .

4
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contributions of a wide range of physical and social sc ien t i s t s  with

backgrounds in ecology, the heal th sciences , sociology, economics ,

geology, and other fields. Three subsystems comprise ETIS: ( 1) the

Environmental Impact Computer System, (2)  the Computer-Aided

Environmental Legislative Data System, and (3)  the Economic Impact

Forecasting System (EIFS). The third system makes regional economic

information available to military agencies for better  compliance with

NEPA policy as defined by the cited court actions. EIFS operates a

model developed by CERL scientists and authoritat ive economic con-

sultants to analyze the effects of Army activities in a number of func-

tional areas. The system is essentially operational for economic

analysis in the areas of construction, operations and maintenance,

training, and mission changes , with five additional functional areas

under various s tages of development. The proposed regional definit ion

in ELFS is based on a gravitational concept from marketing theory in

which the employment distribution of an installation is considered to be

a func tion of regional population and distance to travel to work.

The work by CERL has put the Army in a leadership position

in the use of modern technology to “ . . . encourage productive and

enjoyable harmony between man and his environ ment ( 16]. ” The Air

Force’has recognized the value of the Army developments and has

established a user linkage with EIFS through CERL to share the tech-

nology in improving assessments and decision making in future  base5



realignment activities. According to Ronald D. Webster, principle

investigator for CERL’s Environmental Systems Team, the necessity

for operational capability has resulted in EIFS being applied to real-life

problems concurrently with system development and refinement ( 2 1 ) .

Consequently, sensit ivity of forecasts has been dependent on the “ state-

of- the-art”  as it has developed on a day to day basis.

A major factor in the EIFS program, representing a positive

response to the Federal court’ s cri t icism in the Richards -Gebaur case ,

is a scientific evaluation of economic impact in cities and communities

surrounding installations subject to Federal prbgrams . The system

discriminates in the degree of forecasted impac t among the various

communities in relation to the proportion of military and civilian

employee personnel to total population residing in given areas (10:4).

A region of economic influence is defined for each individual installa-

tion by forming a composite area of near-b~~counties which might be

affected by Federal activities and programs conducted at that installa-

tion (21) .  EIFS uses the most current  information available f rom the

Department of Commerce (Bureau of Census and Bureau of Economic

Analys is) ,  the Department of Defense , and the Department of Health ,

Education and Welfare to calculate the distribution of impacts within

this r~ gion of economic influence (23:1) .  A review of ~ERL , Army,

and Air Force guidelines for definition of the region to be anal yzed by

EIFS resul ts  in three separate methods in general  usage with l i t t le  work

6 
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done, to date, to objectively validate any one of the three. Each of

these methods defines the economic region by anal ysis of the location of

employee residence. This type of anal ysis  has good support in market-

ing theory (5:288 ; 8:165; 9:104).

CERL has found that an area composed of counties wholly or

partially included within a 30 mile radius of an ins tallation is an easily

determinable region and has been found sat isfactori ly accurate during

system development (21 ) .  The Air Force Civil Eng ineering Center

(AFCEC) at Tyndall AFB , Florida has a direct  t ie-in with  CERL ’ s com-

puter and is us ing EIFS in direct  app lications defining the economic

region s of influence around Air Force bases by aggregating an area of

all counties containing c ommunities within one hour driving distance of

each base. According to Captain Richard Padgett ( 12 )  in AF CEC’ s

Environmental Division , the one hour driving distance limit has its

basis in DoD cri ter ia  for determination of adequacy of hous ing for mili-

tary personnel in a given area.2 Mr. Ber ry  Cantor of the Army ’ s

Directorate of Cost Analysis explained that the Army ’ s method for

defining economic regions of influence is to include all counties whose

Federally employed residents (for one particular base) make up two per-

cent or more of the tota l county work force (4) .  This rule is subjec- -

tively modified in special cases to include additional centers  of potential

21t is interesting to note the implicit  support given thi s c r i t e r i a
by the Federal court in addressing Air Force officials ’ assessment of
available housing in the Scott AFB, Illinois area as a part of the
real ignment  s tud y in the Richards-Gebaur Case (20 :32) .

7
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employment when the area defined under the two percent cr i ter ia  is

incapable of absorbing employment impacts that could arise due to

Army base realignment. The Office of the Comptroller of the Army has

also published a list of predefined “ economic communities” in a report

on “Economic Multip liers for Army Base Realignment Studies (17) . ’

The CERL Model

Fundamental to the Construction Engineer ing Research Labora-

tory ’s efforts  in determining the economic region of influence around a

mili tary installation is the determination of the residential dis tribution

of the installation’s employees. Locating the residences of employees

of an installation by county area determines which counties are included

in the installation ’s socio-economic region. CERL developed an

algorithm which determined the proportion of a county ’s total employ-

ment working at the military installation. These proportions were

summed for all counties in the potential economic reg ion of influence ,

and then an averag e was computed for use as a s tandard against  which

individual county proportions could be compared to assess whether the

installation’s employment in a given county was or was no~ economically

significant. CERL decided that if a county’s proportion of employment

was greater than the average proportion for the potential region, it

would be included in the region of economic influence.

This method of analysis , however , requires readily available

data indicating military and civilian employee residence location b
y8
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county. When CERL attempted to apply this method, they found that the

data either did not exist or was not in a form that was us able.

A second model has been proposed for use in EIFS to determine

the employee residence distr ibution theoretically which could eliminate

some of the problems with data collection. The proposed model is of

the form:

F . k  (P s)aj
aj

where

Eaj = total employment at site a from county i

= population of county j

D . = distance between site a and county j
aj

k = proportionality constant

This model indicates that the number of employees with residence in

county j is related directly with the population of county j and inversely

proportional to the distance from county j to the installation (10).

The concept for this model can be traced back to Newton ’s

Universal Law of Gravitation , which says , “Eve ry  particle of matter in

the universe  attracts every other particle with a force that varies

directly as the product of their masses and the square of the d is tances

between them [1:118]. ” Marketing research has used this pr incip le

very  successfully in explaining the business attrac tion of a retail area

in terms of population and driving distances (8 : 165) .  The CERL

9 
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application of the principle is a variation of the general law in that

distance is assumed to be a first order variable in the equation. The

proposed model has not yet  been thoroughly tes ted , however.  One of

the objectives of this research is to app ly the model to data available at

Wrig ht-Pat terson AFB and evaluate the employee residence d i s t r ibu t ion

prediction at a major military installation.

Justification

The proposed definition of the reg~.on of economic influence

used in EIFS has been tested onl y at two small A r m y  ins tallations for

which data was readily available (CERL and Harry Diamond Labora-

tories) .  Based on previous knowled ge of the installations and their

surroundings, the tests were considered valid ( 10 :2) ;  however, there

have been no further  tests or validation attempts using actual case data

for major military installations. Dr. Ravi K. Jam , Chief , Environ-

mental Division at CERL , specified the need for this research effor t  to

define the “economic region ” in order to clarif y future  effor t  in this

regard as it pertains to data requirements, validity,  rel iabil i ty,  and

practicality (10:1).

There is a recognized need to standardize a definition of the

economic region of influence in order , that military programs and

activities can be analyzed precisely and identically with regard  to

method . Court action has proven costly in time and money, and the

potential for fu r the r  legal entang lement will remain high while  impact

10
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assessment  methodology is dependent on which branch of DoD is

performing the stud y.

This research was concerned with the determinat ion of the

region of influence around a military instal lat ion- -a determinat ion that

must be made prior to jud gment  of impact s ignif icance.  The problem

was limited to analysis  of residence and wage d is t r ibut ions  of

employees at Wrig h t -Pa t t e r son  AFB , Ohio. Emp loyee res idence  loca-

tions and gross  annual wages  were  the onl y fac tors  considered in the

analysis  of the methods of economic region definit ion.  The selection of

this base was made becaus e of the availabil i ty of data and the conveni-

enc e of its location. The decision to l imit  this research ef for t  to a

sing le ins tallation was necessary  due to constraints in time and ‘F

r esources .  Resea rch  at additional installations , which may be

required for  grea ter  conclusiveness of results , will  be left  for fu tu re

efforts.

Resea rch  Objectives

The objectives of this research were  to evaluate methods of

determining the region of economic influence around Wr igh t -Pa t t e r son

AFB a~nd to identif y the most ef fec t ive  methods to use in Envi ronme~~ta1

Impact A s s e s s m e n t  ef for ts . Methodology was developed w h e r eb y t~~e

research  can be repeated at addit ional  ins ta l la t ions  with the iong t e rm

11



objective of identifying methods of regional definition for general use

within the Depar tment  of Defense .

/
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CHAPTER II

METHODOLOG Y

Overview

This research limited consideration of factors involved in

defining the region of economic influence - round a mili tary installation

to the effects of Federal employmen c and Federal wage expenditures at

Wrig h t -Pa t t e r son  AFB , Ohio. Such economicall y related matters as

education fundiri p . we l fa re  programs , and chari t ies were  lef t  as

subjects for  other studies.  The universe  of economic influence under

consideration was composed of the region within a 100 mile radius of

l~r r ig h t_ p a t t e r son  AFB , with the people , r es ide n ces , post off ices , zip

code areas, and counties that it contains.  The mili tary and civi l ian

employees at Wrig ht-Pat terson AFB formed the population for the

study. The relatively few employees of service contractors on the

base earning wages indirectly from the Federal Government were

excluded. Their residential distribution, wages and general effects

on the region were assumed to be essentially the same as the d i rect ly

empld yed Federal workers .  The indeterminable number of w o r k e r s

arid the amount of their wages , thus excluded , are  considered small

13
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in comparison to the 28 , 495 employees of the population , so the ef fec ts

of this omission should be minimal.

The f i r s t  chase of this s tud y was the evaluation of the three

p r imary  methods ci’ region defini t ion cur rent ly used by DoD in econom ic

impact a ssessment  arid the determination of their relat ive successes in

c i rcumscr ib ing  the d ispers ion of employees and wages in the surround-

ing communities. A1 three methods have the common basis of de t e rmi -

nation of the economic r &~gion by locating the places ~ residence of the

base employees. The methods were  evaluated by ranking them accord-

ing to the percentages  of total employees and wages enclosed wi th in  the

defined region. The methods w e r e  also evaluated to determine if sup-

port exis ts for  the c r i t e r i o n  current ly used by CERL and the Air  Force

and the threshold s igni f ican t  percentage of county employment used by

the Army.  Incrementa) var ia t ions  in the cri terion were  invest igated to

determine the marginal rate of change in employees and wages enclosed

within the described region . Vary ing Lhe radius used in the CERL

method and the rect i l inear  drivin g dis tance ( analogous to driving time)

used in the Air Force method allowed graphs to be constructed to

identify the dimensions where method improvement diminishes. P lot-

ting the percentages of total employees enclosed by the Army method

against  threshold significance percentages disp layed the rate of change

that accompanied the consideration of successively smaller concentra-

tions of Federal emp loyees.  The grap hs were  used to support  p resen t

14
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dimensions or to suggest adjustments in each of the methods as they

were applied at Wright-Patter-son AFB .

The second phase of this stud y was an invest igat ion of the

employee residential dis tribution and the population of the res iden t ia l

area in relation to the distanc e to drive to work. Two d i f fe ren t

approaches were taken. Data were aggregated by zip code and by

county . Curve f i t t ing  by the leas t - squares  method (LSM) was per-

formed on the data in various forms of the g rav i ty  model to determine

the most appropriate functional fo rm.  The data were analyzed us ing

CERL’ s propos ed model , then modified by squarin g the distance vari-

able. Other functional forms were  examined by rais ing the distance

variable to the third power and the four th  power and the population vari-

able to the second power and the 1. 5 power. In another form for

analysis , exponents of both the population and the distance variables

were estimated us ing the leas t-squares  technique. This was the most

general approach based upon the gravi ty  model. As an a l ternat ive  to

the gravi ty  form, the data were also fit ted by combining the variables

in the common additive form.

Design of the Study

Emp loyees and their wages were summed in residential  area

classif icat ions by use of their zip code mailing addresses  as l isted in

the pay records .  Emp loyee and wage dis t r ibut ion  anal y sis was si mpli-

fied by consider ing zip code area effects  to be concentrated at the post

15 
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office serving each area and measuring driving distances between the

post off ice and Air  Force Logistics  Command Headquarters (Building

262) on the base.  The post off ice was assumed to be the center  of

population for a zip code area and Building 262 was assumed to be the

center of employment for the combined Areas A , B , and C of Wr igh t -

Pat terson AFB. Building 262 is , incidentally, the location of the post

office which serves  the base. The distanc e errors  inherent in these

assumptions were small in comparison to the total distances being

measured. The driving distances were  measured rect i l inearly to

account for  the north-south, eas t-wes t  s t ree t  orientation which is

prevalent in most of the communities surrounding the base.

The emp1oyee~s zip code was used as the basis for  classifica-

tion of individuals by area of residence.  The zip code listed for t-he

employee was interpreted as being his actual place of res idence.  The

zip code f rom the reproduced pay records is an element of the address

to which the periodic pay information is mailed and was assumed to be

designated for the most expedient t ransmittal  of pay information to the

individual. The destination of the pay check was not  considered

important because the economic influence of the earnings  is repre-

sented by the individual who has access to the money through checking

accouiits or other means. Mailing address zip codes that were  identi-

f ied in the records for  areas outside of a maximum reasonable commut-

ing distance (100 mile radius)  of Wr igh t -Pa t t e r son  AFE were  t reated

16



as anomalies in the sys tem and their effects were summed to a dummy

location with a zero distance.

Each post office was plotted on a 1:500 , 000 scale aeronautical

chart with the aid of s tate  and city maps and zi p code and telep hone area

code diagrams. Measurements of distances were made by calculating

differences of latitudes and longitudes to derive a set of cartesian

coordinates for each post office with the origin of the coordinate system

located at Buildin g 262 on Wright-Pat terson AFB . This allowed driving

d istances to be computed , in statute miles , by summing the absolute

values of the “x” and “y ” grid components associated with each zi p code.

Radial distances were computed by taking the square root of the sum of

the squares of the “ x ” and “ y” components.

The population of the zip code area was defined to be the

number of mail delivery stops that the post office has recorded for the

area multiplied by the average size of 2. 97 persons per household as

listed for 1974 (the most recent year)  in the 1976 edition of the Statisti-

cal Abstract  of the United States . Only non-commercial  deliveries

were considered in the determination of population by this method. The

source of data for numbers of deliveries was the Directory of Post

Offices, Publication 26, dated October 1976. This source contained

inforthation for all areas except those in the me tropolitan regions of

Dayton , Cincinnati , Springfield , and Columbus , Ohio. Data for these

zip codes were  obtained directly f rom the main post office of each c i ty .

17 
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The use of zip codes for determination of an individual’s place

of residence was used in compiling data for the current  Master Plan of

Wri ght-Patterson AFB. Support for this technique was also found in the

literature (3:355; 5:29).

Counties were also used as basic units (see Appendix A).  The

numbers of employees for  each county were determined by summing the

employees for all zip code areas whose post office was located in the

county . Population data for each Ohio county in the s tud y were derived

from the Current Population Reports of the Bureau of the Census.

County employment statistics were obtained f rom the Ohio Bureau of

Employment Services. Population and employment data for counties in

Kentucky and Indiana were obtained directly f rom the EIFS data bank.

All data were based on estimates for 1973 except for  the Ohio employ-

ment data which was current  as of 31 December 1976.

The use of county units as component al?eas by each of the three

DoD methods of region definition causes the pos t offic e point summing

technique to have some effect  of misattribut ion. Zip cod e areas are

established by postal authorities without regard to county or city

boundaries , so an employee could live in one county and his post office

could be located in another. This could only happen for those zip code

ar eas ‘not wholly contained in one county; and , for  a divided zip code

area , the post office has an a priori equal likelihood of being included

18 
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in either county. The significance of this effect  of misat t r ibut ion is

therefore considered minor.

Determination of the distance variable for each county was

done in a manner similar to that described for  the zip code area. The

reference point for measurement of the distance to the county was the

county ‘Séät.~ ~This was suppo~’ted by the historic tendency to locate the

county government centrally in the distribution of the population that it

serves. Selection of a reference point based on land area alone would

have ignored the effects of population completely, and using an effect ive

distance derived f rom the average of distances weig hted by the actual

distribution of emp loyees within the coun ty would have required more

data than the modeling method of region determination would warran t

in actual application. The potential error in the distance as measured

to the county seat is greater  due to the size of the basic unit and due to

the tendency of the residential distribution of employees to be somewhat

skewed within the county in a direction toward the major sources of

employment.

Data Collection

Information necessary to establish the place of residence and

the annual gross  pay for all military and civilian personnel employed

at Wrig ht-Pat te rson  AFB was found in the master  pay records main-

tained by the Management and Support Sys tems  Divis ion , Base/MAJCOM

- --.-.----—-— ~~~~~~~~~~~~~~~~~~ _ _ _  _ _



Support B ranch (ACVMS ) of Air Force Logist ic s Command Headquar ters

(AFLC).  Permission was obtained to duplicate the records on magnetic

tape , eliminating personal information subject to the Pr ivacy Act of

1974. Collection of data required duplication of four separate pay files

stored in three different  formats  in the IBM B3500 computer system.

These were the Air Force Logistics Command (AFLC)  civilian pay file ,

the Aeronautical Systems Division (ASD) civilian pay file , the Non-

Appropriated Fund (NAF) civilian pay file and the Military Personnel

Leave and Earnings Statement files. Each of the formats required

individual modifications to duplicate the desired data without extracting

personal information. The AFLC and ASD files , in a 1844 character

per record format , were duplicated in their entirety with blank s

inserted for personal information fields. Specific fields were extracted

from the NAF and Military pay files , limiting the dup licated information

to non-personal data. The differenc e in procedure at this point in data

collection was a function of the preference of the ACVMS computer

programmer who furnished the services.

The timing of the files duplication was critical in capturing the

end-of-year  (1976) totals for pay data. The records were updated for

the final pay period of the year late in December , and it was at this

time that the records contained all of the required informat ion for this

study. End-of-year  pay data were desired to ref lect , as accurately as

possible , the Wright -Pa t te r son  AFB total expenditures for  Federal

20
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wages in 1976. There were only two weeks during January  when the

pay records were  available for  dup lication without in te r fe rence  with ‘ 
-
~

normal processing for pay purposes. After that time, suspense dates

lapsed and parts of the files were  lost. Without the necessity to

capture year-end pay data , determining the number of employees and

their residence locations would have been a relatively simple task and

would have been possible at any specified point in time.

The pay data that were captured were slightly less than

desired quality in two areas. Fi rst , the pay sys tem for the AFLC and

ASD fi les  was implemented on 1 Jul y 1976 , collecting pay amounts for

each individual and totaling pay by calendar quar ters .  Totals for the

time preceding implementation were not entered , so the data contained

only information for the last two quarters  of 1976. Therefore , annual

pay amounts had to be extrapolated by doubling the sum of the two

quarter  amounts for the AFLC and ASD files.  The second source ~f

reduced quality pay data was due to the format  of the mil i tary pay f i les .

The end-of-year  totals for  wages were readily available in the records ,

but due to the fact that non-taxable subsistence and quarters  allowances

are excluded f rom the end-of-year  totals , the amounts were  si gnifi-

cantly understated for  the purposes of this s tudy. To capture both

taxable and non-taxable pay, the f inal  month (December~ total entitle-

ments amount was selected and multiplied by a factor of twelve to

approximate the annual wages of each mil i tary  employee. There were

21 
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no diff icult ies in obtaining the annual pay amounts for NAV civilian

personnel.

Automatic Data Processing

The cop ies of the pay files were  transformed during dup lication

—4r

~

om the Burroughs B3500 computer packed-data, nine-track tapes to

an unpacked , seven-track form which was readable on the Honeywell

635 CREATE computer system. Translation to CREATE standard

language was then required , using a standard routine developed in the

AFLC CREATE software section. Each of the files were  subsequently

reduced by FORTRAN Y program processing to a condensed format

containing only the zip code , city and state , and gross pay for  each

employee. All files were then merged on a single computer tape. This

allowed all records to be read with sing le pass processing or individual

files to be read for selective processing.  The master  pay file , in its

final form, contained 28 , 495 military and civilian records.

A FORTRAN Y compute r routine was wri t ten to read the data ,

sort  the zip codes , and print  out a listing of a comp lete set of zip codes

and towns as recorded in the pay records (see Appendix E- 1) .  This

listing disclosed a number of e r rors  in the recorded zi p codes where

there was disagreement  between zip code and city . Most of these

errors  were made in zip codes where there was only one or two

employees and were  the resul t  of simple transposi t ion of digi ts  in the

zip code. These error s were corrected and used later to a t t r ibute

22
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erroneous data to their correc t  zi p codes. Where disagreement  could

not be explained by the transposition of digit s , the erroneous data were

attributed to the zip cod e in the city with the larges t  number of

employees f rom the base. Any time that there was disagreement

between the zip code and the listed city, the city was recognized as

being correct.

Initial, categor izat ion of the data by zip codes was done by using

the BREAKD OW N task of the STATISTICAL PACKAGE FOR SOCIAL

SCIENCES (SPSS) (Appendix E - 2 )  f rom the CREATE software l ibrary

(11:249).  This routine was used to sum the total employment and total

annual gross pay and to calculate the total employment for the base and

the total Federal wages disbursed at Wright-Pat terson AFB during 1976.

After correcting erroneous data discovered by the zip code and

city l ist ing,  a new data file was built for 239 zip codes that were  veri-

fied against their listed city for accuracy and were located within a 100

mile radius of the base. One additional zip code with a zero dis tance ,

(zi p code 99999) was created to collect numbers of employees and

amounts from locations greater  than 100 miles. The 240 final zip codes

contained the following data (see Appendix B - i ) :

Sequence number
Zip code
Number of NAF civilian employees
Number of Mili tary employees
Number of Civil Service employees
Grid coordinate - “x” value
Grid coordinate - “y ” value

23
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Number of non-comm.~rcial postal  del iver ies
County code
Total annual Federal wages

The data were  reaggregated in another fi le for  process ing based on

county units . This was done by summing zip code aggregated data into

their respective counties. Distances for this file were measured to the

county seat. NAF and Civil Service employees were combined to indi-

cate numbers of civilian employees. The new file excluded data for

employees outside the 100 mile radius (zip code 99999 ) ,  resulting in 44

counties with the following information (see Appendix B-2) :

Sequence number
County code
Number of military employees
Number of civilian employees
Grid coordinate - “x ’ value
Grid coordinate - “y ” value
Total annual Federal wages ( thousands of dollars)
County population
County employment

Curve-f i t t ing  was accomplished by computer processing of the

data files with the SPSS REGRESSION task (A ppendix E-3) f rom the

CREATE library ( 11:321) .  Compute commands were  used to develop

variables that were not explicit in the data file by fac tor  multiplication ,

exponentiation , or division. The regress ion coefficients , the R 2 values ,

and the residuals analyses , were the areas of the REGRESSION pro-

gram ’of primary interest. Since the data represented a census of the

population at Wright-Patterson AFB , the statistical inference calcula-

tions were  superfluous in this analysis .  
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Computation of mean absolute deviations (MA D~ for  each of

the models was done in another FORTRAN Y p rogram (A ppend ix E - 4 ( .

The absolute values of the residuals were summed for each model tha t

was considered . This total was divided by the number of ca tegor ies

involved (either zi p codes or counties) to a r r ive  at the MAD.

Evaluating DoD Methods

The f i r s t  phase of this research was the evaluation of the three

cur r ent methods cf defining the economic region of influence. The data

from the master pay files formed a common basis upon which to evaluate

each of the methods. Total employment and total gross  pay for each zi p

code area were computed and attributed to the post  off ice  location of

each employee ’s listed address within a 100 mile radius of the base.

The actual distribution of employees and wages , determined by this

method , are shown in Figures 1 and 2. This geographically referenced

data was the basis used to construct  an economic region of influence

according to the cr i ter ia  of each method. A determinat ion of the total

employment and the total wages enclosed by each method was made and

compared to the total employment and wages of Wrig ht -Pat te rson  .AFB.

In determining the number of employees enclo sed by each of

the methods , it was necessary to account for those employees living

outside of the 100 mile radius and those mi l i t a ry  employees l iv ing in

government  c j ar t e r s .  The effects  of these emp loyees- -ha ~.- i xi ~ an

indeterminable  d i s t r i bu t i on  in one case and a fixed i d e nt i f i a b l e  location

25
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Figure 1. Distr ibution of Total Emp loyees
Radial  D i s t an c e  Irom WPAFB
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in the other- -were separated and included in each method at a zero

dis tance. This was equivalent to consider ing them ident i f ied  and

enclos ed before  each of the methods were  app lied to the remaining

population of employees.

The CERL method was app lied by including within the economic

region any county which was wholly or partially located within a thi r ty

mile radius of the base. Determination was made b y including the

county if one or more zip codes f rom the county were  in the data file

with a radial distance of thir ty miles or less.  Emp loyees and gross

pay were totaled for all counties within the 30 mile radius and compared

to the totals for the entire population to der ive percentages  for effec-

tiveness in circumscribing the region.

The Air Force method was evaluated by including all c ounties

containing communities within a one hour driving dis tance of the base.

However, there was a great  deal of diff icul ty in de te rmin ing  wha t

distance actual ly represented a one hour driving distance. The A i r

Force conducted a Socio-Economic Survey (U SAF SCN 76-43c) of

Wri ght -Pat terson AFB employees in Jul y 1976. The survey was

administered to a random samp le of 1, 865 members of the base popu-

lation selected on the basis of digits in Social Security numbers and

drawr~ f rom both military and civilian personnel f rom all base organ i-

zations.  Among the questions asked was one concerning the employees ’

dr iving t ime to work. Resul ts  f rom the survey are shown in F i g u r e  3.

28
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Figure 3. Distribution of Employees by Driving Time
to Work , WPAFB , Ohio

An attemp t was made to correlate the five f i f teen-minute  categories for

responses to the actual distribution of employees as represented by

rectil inear driving distances in Figure 4. The f requency of responses

for the “over one hour ” ca tegory  was so low, however , that it corres-

ponded to approximately 70 miles distance when compared with the

actual population dis t r ibut ion.  While this was obviousl y erroneous as

29
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a representat ion, the shape of the dis tr ibut ion of dr iv ing times was ve ry

similar to the distribution of the employees by rectilinear distance.

Afte r  considering the t raf f ic  conditions , the road ne tworks ,

and the posted traffic speed limits around Wright-Patterson AFB, the

decision was made to consider 45 miles , rectilinearly measured, repre-

sentative of the distance that an employee could dr ive in one hour going

to or from work. The total employment and total Federal wages for the

bas e, in a rect i l inear  distr ibution , are shown in Figures 4 and 5. To

evaluate the Air Force method , then , all counties within 45 miles recti-

linear distance of the base were included in the economic region.  The

numbers of employees and their gross  pay were  summed within the

region and compared to the total numbers and amounts for the base to

derive a percentage of effectiveness.

The Army r s method of defining the economic impact region

was applied by identifying all counties within the data having two per-

cent or more of their total work force  employed at Wrig h t -Pa t te r son

AFB (see Appendix D) .  The employment market in the local area was

considered sufficiently large to eliminate any requirement to bring into

consideration additional absorption j ob markets for the economic region

isee Chapter I) . For the counties identified under this method , the

numbers of employees and their total pay were  again totaled and com-

pared with the totals for the base to yield percentages  for ef fec t iveness

in c i rcumscr ib ing  the area.
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After each of the three methods had been developed , they were

I
rank ordered according to their captured percentages of the total base

employment and total Federal wages.  The Wr igh t -Pa t t e r son  AFB

Ma ster Plan TAB A - i  was constructed on an area including 90 percent

of the base employees. For lack of a bet ter  subjective cr i te r ion , the

methods were rated as “good” if they included 90 percent  or more of

the total employees and included 90 percent  or more of the total gross

pay.

A marginal analysis of the CERL method was done by examin-

ing the tabulated radial dis tances that brought the counties into the

region. A comparison was made between the changes in the cumulative

per centages of employees and of total Federal wages enclosed by the

method at various radial distances. An increase in the radius without

a corresponding significant improvement in the percentages served only

to dilute the average economic impact potential of the military installa-

tion upon the area. An average density factor was used as an additional

indicator of dilution by calculating the number of Federal employees

included in the region per thousand of pop.~lation. The two cumulative

percentages and the density factor were graphed to show the radial

distance where the CERL method began to have diminishing power in

definin g the region.

The Air Force method was similarly analyzed based on the

change associated with the rectilinear driving distance. The changes
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in rectilinear driving distances could represent either changes in the

time distance dimension of the method or they could be related to

changes in the assumed average speed of 45 miles per hour attainable

by the employees in driving to work in the local area. The table for

this method was constructed by ordering the rectilinear distances to

each community within a 100 mile radius (as indicated by the zip codes

in the data) and adding counties to the region in the order that their

nearest community to the base brought them into the region. Again, the

cumulative percentages of employees and Federal wages included in the

region and the density factor were graphed as a function of rectilinear

distance to suggest the optimum distance to be used in the Air Force

method of region determination.

Distance was not an independent factor for marginal analysis

in the Army method; therefore, the counties were tabulated according

to their percentag e of total work force employed at Wright-Patterson

AFB. The percentages of employees and Federal wages and the

density factor were examined as a function of the threshold s igni f icant

percentage of employment that would include additional counties in the

region to indicate the level at which the diluting effects would occur by

thi~ method.

Evaluating Model Forms

Replacing the current methods used by DoD with a mathematical

expres sion of employe e and wage distribution has been suggested by

t
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CERL. If such an expression were found, impact analyses would oe

greatly simplified by eliminating the need to know the actual population

distribution of the installation. CERL’s proposed model was evaluated

to determine its effectiveness in describing the distribution of the popu-

lation at Wright-Patterson AFB. Variations of the gravity model form

and a more common multiple variable linear form were also evaluated

for their abilities to explain the relationships between the variables.

Direct evaluation of the CERL model with empirical data was

impossible without knowledge of the coefficient of proportionality .

Therefore, the ~~efficient was determined by curve fitting a linear form

of the model to the data using the least-squares method.

A new independent variable , X , was formed I;y def in ing  the

relationship between P~ and Daj :

Daj

The CERL model was then written:

Y = k X

where , Y = Eaj.

The general linear model,

Y = b0 +
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would be equal to the CERL model if b0 = 0 and b 1 k. Rather than

forcing the model through the origin, however, the constant term b0

was retained to allow LSM to determine what the y - in t e r cept  should be

for the Wright -Pa t te rson  AFB data. With the more general form, a

better f i t  of the data was expected which would represent  an upper

bound on the performance of the CERL model.

The more common form of the gravity model of marketing

theory was also analyzed by the same method after recombining the

independent variables, P~ and Daj~ to form a new linear expression of

their relationship in the data:

x’ = 
F~j

D aj
2

The linear form for the gravi ty  model was then wri t ten  as:

Y = k X ’

Several other variants  of the gravi ty  model were analyzed in

an attempt to find the best functional form. Four additional models

were fitted by the least-squares method.

Eaj = k E a • = k !~
D 4

aj aj

2Eaj = k i and E aj = k3_ .
Daj Daj

3 .
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The final variant of the gravity model form was analyzed by

freeing the exponents of P,~ and Daj to assume general curve-fitting

values.

E . -k (P~
a3 

Daj
k 2

where k 1 and k 2 
are exponents for curve f i t t ing  by LSM.

In order to use this model in a linear forms it was necessary to use a

logarithmic transformation as shown below.

(P. 
ki)

/ 
ln Eaj in k 

Daj
k2 

k
In Eaj = in k + in (P~ ) - In (D aj 

2

l n E aj = l n k + k
i

l nPj~~~k 2 ln D aj

Letting

Y = l n Eaj b0 =ln k

X 1 =ln P
3 

b1 = k 1

XZ = lflDaj b2 =- k 2

then ,

Y = h 0 ± b 1X 1 + b 2X2

After values were determined for b0, b 1, and b2 the model was



transformed back to the original form by use of exponential functions.

- The final model to be evaluated was a linear relationship for

the variables:

Eaj = a + bP~ + CDaj

where a, b, and c are coefficients for  cu rve - f i t t i ng  by LSM.

Two separate measurements were made on the models to

determine their ability to predict employees in~ a county when the popu-

lation and distance to the county were specified: the coeff icien t of

determination (R 2 ) and the mean absolute  deviation ( MAD). The coef-

ficient of determination is a measure of the variation of the data

explained by the model (6:545).  This measur e of the method’ s s ucces s

in fitting a linear model to the data is calculated by:

R2 = ~~
(
~
‘c -

ER~’ y)2

where Y = average number of employees per area.

As the fit of the model gets better, the variation decreases and the

difference between Y and ‘
~

‘

~~~ 
approaches zero. A ratio of 1. 0 indicates

a perfect  linear f i t , while a ratio of 0. indicates that the l inear model

has no explanatory power for the variables in the data. R 2 was calcu-

lated for each of the models analyzed.
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The other c r i te r ion  for judging  the success of  the model was

the mean absolute deviation (MAD) between the predicted number of

employees f rom a given area and the actual number of employees irom

the same area. The MAD was calculated for each model using the

following express’lon:

~LAD = 

n

where ,

Y.  = number of emp loyees f rom area j W a ’)

‘
~cj 

= number of ~‘rnployees predicted from area j
by the model.

n = number of areas in the data

The MAD indicated the average  er ror  that could be expected in predict-

ing the employment for  any area in the reg ion of inf luence us in~ the

model.

Summary of Assumptions

1. The residential distr ibution , wages , and genera l  effects  of

servic e contractor  employees working on the base are essentially the

same as directly employed Federal workers .

~~~. The number of service  contrac t  workers  and their total

wages are small in comparison to the numbe r and wages  of all mi l i t a ry

and civilian employees.
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3. Res idence  locations and net pay of employees can be

summed within a zip code area and a t t r ibuted to the geographic location

of the post office without  s ign i f ican t ly chang ing the d i s t r ibu t ion  of

employee residence or net pay.

4. The post office is the center of population for  a zi p code

area and Building 262 is the center  of emp loyment  at W r i g h t - P a t t e r s o n

AFB.

5. The ef fec t  of the post office point summing techniques will

cause only minor misattribution of employees and wages among c o L ~nt1 es

in the universe .

6. Distr ibut ion of employee res idence  and wage e f fec t s  by zi p

code areas follows the same distr ibut ion as the d is t r ibut ion  of effects  by

county areas.

7. Driving dis tances are approximately equal to the rectilinear

distances f rom the employees ’ res idences  to their places of work.

8. The pay information address is the ac tual place of resi-

dence if within a 100 mile radius of Wr igh t -Pa t t e r son  AFB.

9. The 1973 National average household size of 2. 97 per sons ,

as reported in the Statistical Abstract of the United States , defines the

size of the average household in t~ie universe of this study.

10. A rec t i l inear ly measured dis tance of 45 miles is equiva-

lent  to a one hour dr ive  in the W r i g h t -Pa t t e r son  AFB local a rea .
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Summary of L imi ta t ions

1. The stud y was li mited to the evaluation of var ious  models

as app lied to the data  at Wr ig h t - P a t t e r s on  AFB , Ohio.

2. Cons ide ra t ion  was  l imi ted  to the ef fec ts  of emp loyment  and

Federa l  wage expendi tures  in de te rmin ing  the r e g i o n  of economic influ-

enc e around W r i g h t - P a t t e r s o n  AFE , Chio.

3. The universe  of the research  was l imited to a 100 mile

radius .
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CHAPTER III

RESULTS AND ANALYSIS OF DOD METHODS

Results

The first phase of this study was the evaluation of the three

pr imary me thods of region ciefinition cu r ren t ly used by DoD in economic

impact a ssessment  and the determination of their  re la t ive  successes  in

c i rcumscr ibing the dispers ion of employees and wages in the surround-

ing communities. According to the subject ive c r i t e r i a  establ ished in

relation to the p resen t  Mas te r  Plan TAB A - i  economic region for  the

base, all three methods were very good. The results o~ t~.ined by

each method are presented in Figure 6. The most  success~u1 method

for capturing employees and wages  within the def ined reg ion was the

Air Force method. The second best method was CERL’s. The Army

method resulted in the lowest percentages of employees and wages , but

it was still superior to the 90 p ercent  c r i t e r i a  that is cur ren t l y used.

The relative rankings of the three method s remained unchanged

whethe r examined on the basis of number of employees or total w a g e s .

There was virtually no difference between the two for a g iven  method .

This was due to the fac t  that the total of the wages  summed wi th in  a

c ounty was a d i rec t  func t ion  of the number  of employees r e s id in c  in the

42
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The CEP~L Method

Inclusion of all counties located within a distance
of 30 miles resulted in the capture of:

98 .71  percent of the total employees

98. 78 percent  of the total wages

The Air Force Method

Inclusion of all counties containing communities
within one hour driving time (represented by 45 miles
recti l inear distance) resulted in a region captur ing :

98. 94 percent  of the total employees

99.01 percent of the total wages

The Army Method

Inclus ion of all counties with two percent or
more of the total work force  employed at Wr igh t -
Patterson AFB resulted in the capture of:

94. 94 percent of the total employees

94. 68 percent of the total wages

Figure 6. The Reg ion of Economic Influence , WPAFB

county. There was found to be almost no correlation between the

distance f rom the base and the employee ’ s annual pay (correlation

coe f f i c i en t  = 0. 18888) in an at tempted curve - f i t  of the data.
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Analysis  of the Methods

There were varying degrees of dif f icul ty  in app ly ing the

methods to the data. The CERL method was the simp lest, requiring

only an area with a thirty mile radius to be examined. The inclusion

of counties wholly or partially located at a radial distance of 30 miles

from the base resulted in the inclusion of 12 counties in the region.

Only the 30 mile dimension , a map showing the location of the counties

and census data for the identified counties are required to app ly the

method.

The Air Force method was signif icantl y more di f f icul t  to app ly,

requiring a knowledge of the driving times to communities throughout

the area. It was necessary  to ei ther drive and time every poss ib le

branch of a large network of s t ree ts , roads , and hi ghways or to make

simp lif y ing assumptions .  Even wi th  the simp lif y ing assumption of

considering a rec t i l inear  d is tance of 45 miles being equ iva len t  to a one

hour dr iv ing  distance , measu remen t s  were  less convenient l y made

along rec t i l inear  d i r ec t ions  than they were  by measuring radially. The

region def ined by the Air  Force  method required collect ion of data on

16 counties that were  included in the region.  This was an increase  of

four counties over the CERL method for an increase in effectiveness of

0.23 percent of the employees and 0.13 percent of the wages captured.

The Army method was the most difficult of all to app ly, and it

was the least effective. It required a comp lete determination of the
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actual distribution of Federal employees which would be ei ther  d i f f icu l t

or impossible to attain at many DoD installations. The method also

required gathering data on the size of the work force for every county

within the 100 mile radius of the base. Once the data was gathered and

the distribution was determined, the method was easily app lied by

calculating the percentage of total work force employed at Wright-

Patterson AFB for each of the counties and including within the region

those counties whose percentages were equal to or greater than two

percent. Only three counties were included using this method while

attaining an effect iveness of 94. 94 percent of employees and 94. o8 per-

cent of Federal pay. It was interest ing to note that the three counties

identified by the A r m y  method are the same three that were more

subjectively identified and included in the region specified in the Wright-

Patterson AFB Master Plan TAB A - i .

Marginal Analysis

Marginal analysis of each of the three methods was difficult due

to the ir rapid effectiveness in including employees and wages. After

attaining percentages of greater than 90 percent, there was limited

potential for improvement with greater  distances or lower thresholds of

significant employment percentages. Therefore , the dilution ef fec ts  of

introducing additional small numbers of emp loyees at the expense of

large population increases  were examined using a densi ty  f ac to r .
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Graphs were constructed for the marginal analy ses of each of the se

methods from data tabulated in Appendix F.

The 30 mile radius used in the CERL method could not be sup-

ported by the results  of the marginal analys i s .  When the cumulative

percentages of employees were  graphed (see Figure  7) there was an

almost immediate inclus ion of 94. 94 percent at f ive  miles , increasing

slowly and st ead ily as additional workers were included at greater

distances. The cumulative percentages of pay were within one-tenth of

a percent of the employment percentages for  all distances grea ter  than

five miles. The graph of the density factor showed irregular rates of

dilution as the distance was increased. After the five mile point , where

the major inclusion occurred, the dilution was rather constant as the

radius was increased until about 38 and 46 miles. There were rapid

decreases in density at these dis tances due to the inclusion of Hamilton

and Franklin counties , where there are hig h concentrations of popula-

tion. Beyond 50 miles , there were no more significant changes in the

rate of dilution and the density was found to slow ly decline , l inea r ly,

with the radial distance. A f i f ty  mile radius seems to be more si gnifi-

cant in the Wright-Pat terson AFB region of influence.

The one hour driving distance as represen ted by 45 miles

rectilinear distance , seems to have some support in the plot of the

density function (see  Figure 8). The changes in density follow the

same general  pat terns  as they did in analysis  of the CERL method
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where distances were computed radiall y; however  f luc tua t ions  in the

density factor, ending at about 48 miles rec t i l inear )  seems to s ignif y

the outer extent of the region influenced by employmen t (and w a g e s )  at

Wright-Patterson AFB. The same effect is apparent but slightly less

pronounced with distances computed radially, according to the CERL

method.

Analysis of the Army method of determining the region yielded

no additional meaningful information when the percentages of emp loyees

and wages and the density fac tor  were  plotted against  the s ignif icance

level of inclusion (see Figure 9). There were too few counties and the

ranges between the actual s i g n i f i c a n c e  levels were too widely spread to

make an interpretat ion about support  for  the cr i ter ion of two percent .
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CHAPTER IV

RESULTS AND ANALYSIS OF THE MODELS

The second phase of this research was the evaluation of

modeling as a method of determining the employee distribution in the

region of economic influence around Wr igh t -Pa t t e r son  AFB .  The pro-

posed CERL model and seven a l ternat ive  forms were evaluated.  Their

ef fec t iveness  in describing the relationships among the var iables  was

measured by the associated sum of squares ra t io  (B 2 ), and their average

degree of error in predicting numbers of employees was measured by

the mean absolute deviation (MAD). Since the data were in i t ia l l y c ol-

lected from the pay files by zip codes , this was the basic uni t  used for

the first approach in developing the models. The objective was to pre-

dict the number of employees f r o m  a given zi p code area by specif y ing

the population of the zip code area and its distance f rom the base. The

least-square models are presented in Table I. The g r av i t y  fo rm was

foun d to be the most effect ive  in modeling the employee dis t r ibut ion.

The additive model and the two models with higher  order populat ion

variables showed very little potential. The best model found for this

data was the log-transform model with an B2 = . 79170 and a MAD =

71. 7°7. When the residuals of this model were examined for each zip
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Table I
Models Based on Data A ggrega ted  by Zi p Code

Type Model B 2 MAD

/~\P / D  E -7b .7 1780 + 0. 29521 .67895 114. 050

P/D 2 E = +35 .23257 + l . 2 5 7 4 5~~~~~ .69160 81. 543
\D2J

P / D 3 E = +67.434421 + 3 .90395(~~~~ .57852  106 .668
\D 3

J

P /D 4 E = +77. 86082 + 11. 92591 ~~ .51382 118. 344

po~ 
45857\

Log-Trans  E = + 8 7a .7 8 5 6 5 6l
~~~~2 41560) 

.7 9 1 7 0  7 1 . 79 7

P + D  E = ÷320. 04671 + 0. 00475? . 1 7 1 7 7  151. 179
-6. 22287 ID

P2 /D E = — 14 .  39692 + 0 .00001  .47560 155. 851

P L S /D E = -45. 87819 + 0 . 0 0l4 2
~~~ D )  

.6 1147 1 16 .6 5 2

code, several were found to be very large. One of these was zi p code

45431. This zip code was found to be comprised almost ent i re l y of

mil i tary families occupying government  quar te r s  in the Pag e Manor

area, about f ive miles f rom the base. Since information is readil y

available on the utilization of government  family quar te rs  and since the

uti l izat ion of those quarters is not primarily a function of their attrac-

t iveness in terms of population and d is tance , the inclusion of these

employees was considered an unnecessa ry  demand on exp laining the
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employment d i s t r ibu t ion . Therefore , the numbers  of m i l i t a ry

employees and their  annual gross  pay (1 , 436 and $1 , 803 , 931 )  were

deducted f rom zi p code 45431 and combined w i t h  other  mi l i t a ry

employees residing in government  qua rt e r s  in the 45433  zip code.

Since 45433 was not used in the c u r v e - f i t t i n g  w ith  a d i s tance  of ze ro ,

all military employees l iving in government  quar te rs  w e r e  e f f e c t i v e l y

excluded f r o m  the data. This allowed an improved model to be

developed for determining the dis tr ibut ion of the remainder  of the

population. Models developed with this ref ined data are presented  in

Table II. All models except the log -transform &-~owed s ign i f i can t

improvement  in R 2 with the data ref inement .  The l o g - t r a n s f o r m  model

remained essent ia ll y unchanged.  All MAID s improved considerabl y.

The best model form remained the l o g - t r a n s f o r m  with an B 2 . T ~~O61

and a MAD = 65. 284.

C E R L ’ s proposed approach to modeling was on the basis of

the county unit , pr imar i ly because the county is the smallest u n i t  fo r

which census , employment , and other s t a t i s t i ca l  data are gathered.

To test  the models on this basis and to compare the zi p code and

county approaches , the eight models were  again derived f rom the data

af te r  aggrega t ing  it on a county basis .  Initially,  mi l i tary  emp loyees

livin~~ in government  quarters  were  a t t r ibuted to the county in which

the quar te r s  were  located. The Page Manor q u a r t e r s  and the q u ar t e r s

on the base are located in two separa te  counties . This con venLon
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Table II
Models Based on Data A~~~regat ed  by Zi p Code--

Mil i ta ry  in Government Quarters Excluded

T ype Model B 2 MAD

P / D  E = -71.83004 +0.Z7877~~~~ .70114 105.053

P/ f l 2 E = +33. 16053 + 1. 19721 .73057 73. 803
\D 2 /

P / D 3 E = +63. 07416 + 3. 76526 (~ —~ . 6 3 14 L  ~7 . 6 6 0

P / I D4 E = +72.63598 + 1l.65l81(4~ . 577 1 5 l08 .7~ 4\D4 /
/p O. 45687\

Log-Trans  F = +854.32356( 
~ 4~~Q~~7) 

.79061  6 5 . 2 8 4

P + ID E = +299. 27961 ± 0.00446 P . 17651 138. 832
-5. 81064 D

P2/D E = -14.27528 + 0.00001~~~~~ .50609 151.303

/p l. 5 \
E = -43.53670 + 0.00135! .64144 108. b21

\ D J  
_ _ _ _ _  _ _ _ _ _

resul ted in the models in T able III. App ly ing the concept developed in

the zip code approach, all military employees living in government

quar ters  were  considered identifiable and were not required to be

involv’ed in a predict ion of emp loyee dis t r ibut ions .  Their  numbers  ar.d

wage effects  were  deducted f rom the affec ted counties (Greene-  -2098

and $23 , 876 , 442 , Montgomery--1436 and Sl1, 282 , 728) and the models
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Table III
Models Based on Data Ag~~re~ ate d by County

T ype 
[ 

Model B 2 MAD

P / D  E = -242 . 99404 + C. 3 140L~ . 74563 470. 338

P / D 2 F = ± 3 1 . 0 2 6 1 2  + 5 .0968 9~~~~~~ .86~~c7 2 89 . 3 9 7
\D2)

P/D 3 E = +127.44225 + 73. 5346 .87025 302. ~ l8

P/ I D4 E = +160.899o7 ± l057.098Q (~~~ . 86586  3 18. 800

/ ~D4J

f~~o.75o9!\
Log-Trans E = ±22437. 75 

~~~3 345.4) 
.88207 1°5.408

P + ID E = ±256o .  86681 + 0. 00357 P .2 899 0  1200.~~l4
-33. 23716 D

/~~2\ 
-

P2/D  F = ÷ 1a8 .481  + o.01 .~—~ . 5 2 189 D T 2 .  578
\D J

1 5 ____p . ID F = ÷23.47851 i- 0 . 0 00 3 o  D .~~1S9~ 5 2 T . $ q l

were  again developed f rom the ref in ed data.  The resul ts  a re  shown in

Table IV. The models all showed improvement in the MAIDs and

values with the exception, again , of the log-transform which remained

essential ly unchanged.  The bes t  model for the county u n i t  approach

was s~iil the log-transform type , although superiority is not shown ~.n

the evaluation by R 2 . The values oi B 2 for  the D 2 , ID 3 , and D4 models

w e r e  all h igher , but  
~~y only a very small amount. The MAID s , however
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Table IV
Models Based on Data Aggregated by County - -
Military in Government Quarters Excluded

T ype Model R 2 MAD

P/ID E = -226.29489 + O.27841(~~) 
.78583 405.396

P/ f l 2 F = +18. 03976 +4 . 50593(~~~ \ .9 0869 2 2 6 . 0 6 1
\D2J

P/ ID3 E = +103. 82833 + 64. 92494 . 90978 236. 853
\D3/

P/D4 F = +133. 69176 932. 5724l(~~~~ .90372 251. 190
\D
4
/

/ 0 .7453 l\
Log-Trans  F = + l 9 8 2 O . 4 6 f ~~ . 88040 160. 058

‘\D~~~~~~
9 1

P + ID E = +2192 .9 6582  + 0 .00323  P . 29765 1 0 3 2 . 2 3 5
-28. 55624 D

F = +98 .60682 + 0 . 0  .56 140 5 72 . 6 8 2

P1 5 /D E = +6.43192 + 0.00032L__ I .66110 442. 330

were signif icant ly d i f fe ren t  with the l o g - t r a n s f o r m  model be ing  ~0

employees per count y more accurate , on the average , than the second

best  model.

The county approach was shown to be super io r  to the zi p code

approach in both the R2 and the MAD c r i t e r i a .  The values of B 2 we r e

lower for all models when the data were  a g g r e g a t e d  on the bas i s  of t1~e

l a r g e r  county units .  In sp ite of hi gher MADs in models wi th  county
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a ggr e g a t e d  data , the devia t ion s were  be t te r  when the county ’ s ave rag e

number  of base employees  were  considered.  The county ’s a v e r aL e  of

~47. o employees was more than f ive time s the zi p code area ’ s av e r a g e

of 118.7.
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

The Method of Identifying the Region

The National Environmental Policy Act requires that prior  to

any decisions on Federal activities or programs , agency officials shall

carefully and thoroughly assess possible consequences to the environ-

ment. The purpose of this research was to evaluate the methods of

determining the regions of economic influence around a military

installation. Fundamental to an anal ysis of possible consequences is

the identification of the regions influenced .

Three different methods for  determining the region of economic

influence around a military installation were identified for use by the

Department of Defense. This indicated that a community ’s economic

consideration in installation realignments or program changes was

largely dependent on which agency of the DoD is ‘ carefully and

thoroughly assessing the possible consequences [16]. ’ All three of the

me thods performed satisfactori ly in identif y ing regions around Wright-

Patteison AFE containing more than 90 percent  of the to tal employees

and wages. The CERL method was the most effective , however , for

the amount of effort required to apply it. With a fixed radius of 30
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miles , it enclosed 98.71 percent of the total employees and ~b . 78 per-

cent of the total wages. This suggests that a region of influence can

be estab lished by including all counties within a specified dis tance

from the installation. For Wright-Patterson AFB, the Air Force

method’s marginal analysis suggests that a 50 mile rect i l inear distance

might be the most appropriate.

In comparin g the results of the three methods and in attempt-

ing to explain the differences in the areas tha t they enclosed , it  became

apparent that the objectives of the Army method were not the same as

those of the other two but concerned the d i rec t  determinat ion of the

region of significant impact. It had subjectively decided upon the two

percent  level of signific ance before attempting to identif y the region of

influence. The lack of standard guidance within DoD permits each

agency to make its own interpretat ion of the degree  of inf luence con-

tained within the region that it identif ies .  To comply with NEPA in any

thorough assessment, it seems necessa ry  to identif y the ent i re  r e z i o n

tha t is influenced by the military in s tallation. The CERL method and

the Air Force method appear to be desi gned for this purpose.

Surprisingly, the s tud y of wages in the de te rmina t ion  of a

region of economic influence resulted in compounding the d i f f i cu l ty  of

gathex ~ing and processing data without  adding to the meaning fulness  of

the results . Gaining specific data on the d i s t r ibu t ion  of pay closely

parallels the border of an area pro:ected by the Federal  P r i v a c y  Act .



W - -

This does not make the information inaccessible, but it does make it

much more sensitive until it is aggregated into larger categor ies .

Marginal analysis of each method showed tha t the percentag e of

employees identified was virtually equivalent to the percentage of pay

included for a corresponding distance. The total Federal wages con-

tam ed in a county or zip code area was directly related to the number

of employees living there. A low correlation coeff ic ient  demonstrated

the lack of a strong linear relationship between the employee ’s annual

pay and the distance that he lives from the installation. Concentrat ion

on finding the region of influence by locating the residences of the

employees greatly simplifies the procedures and could result  in the

development of sources of data, other than pay records , for DoD

studies.

Modeling the Region

The resul t of this s tud y indicated that mathematical modeling

of employee distributions at military installations is quite feasible

where the actual distr ibut ions cannot be determined by other means.

The gravity form for the model was better than the additive form in

every situation evaluated. As expected, the most effect ive model wa s

the log- t rans form version. Using this model with data aggrega ted  by

county and exclud ing military employees in government  q u a r t e r s , an

R2 of , 88040 and a MAD of 160. 058 were obtained. Since the exponents

of the var iables  in the log- t rans form model were  cons iderably  d i f f e r e n t
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from the first order of the variables as us ed by CERL , and since the

log -transform model performed better than the CERL model at Wright-

Patterson AFB , it is felt that an improved version of the gravity model

migh t be developed fo r broad applications . Additional research is

needed , however , before a single best model can be const ructed for  use
\

at a wide variety of installations. 
- ,

The methodology used in the modeling phase of this research

indicated that the county unit  basis was more ef fec t ive  than the zi p

code basis. R2 increased (or remained essentiall y unchanged) and the

MAD decreased in the aggregation of the larger units. Evaluation on

the county basis was much easier to perform due to the fact  that data

were more read ily available in Government statistical sources. The

volume of data required was smaller since there were fewer units with

which to be concerned. Finally, the county was better able to absorb

variations due to extraneous fac tor s  because of its larger size.  The

measurement of distances to the counties was done by use of the county

seat  as a re fe rence  point. Ease of determination was a factor , but the

use of this point seemed to be an objective consideration of both the

area and population distributions of the county in predictions of

employee at tract ion.

The results of refining the data by removin2 mi l i t a ry

employees res iding in government  quar te r s  demons t ra ted  that  modeling

shoul d be reserved for  de termination  of d i s t r i bu t ions  tha t cannot be
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otherwise determined. Actual data in the records associated with the

administration of government quarters make the residential distribu-

tion of a portion of the installation ’ s employees immediately identifi-

able. Refinement of the data to take advantage of this fac t  improves

the model’s overall performance.

Recommendations

1. The region of economic influence should be determined

solely by the distribution of employees. Consideration of wages in the

study compounds the difficulty of gathering data without adding to the

meaningfulness of the results .

2. Actual data should be used , whenever available , to deter-

mine the distribution of employees. If the use of a model is required

to estimate the distribution, employees in government quarters should

be exc luded f rom the estimated portion of the population to improve

the effectiveness of the model.

3. The coun ty should continue to be used as the basic unit  of

area in mathematical modeling of employee distributions. The broader

categorizat ion of data dampened local variations that appeared within

the zip codes and resulted in better  values of B2 for  all the models

investigated.

4. CERL should evaluate employee dis t r ibut ions at other

installations with the log-transform model and should statisticall y

es t imate  the parameters  to be used in a grav i ty  model. Addit ional
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research is required to determine the app licability of a s ingle  model

to employee distr ibutions at installations of d i f fer ing  s izes .

5. Until suitable models are developed for  est imation of the

employee dis tr ibut ion, the CERL method of determining the region of

economic influence by specif y ing a radial distance should be used when

actual data are not available. The radius to be used may be variable ,

from 30 miles sugge sted by CERL to 50 miles suggested by the distri-

bution of employees at Wright-Patterson AFB, dependent on the size

of the installation. 
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1. DATAZ” FILE: DATA AGGREGATED BY ZIP CODE

1) 41 113 7 2 8 — 2 5 . 9  — 5 7 . .’. ‘~21)2 1 -2) ~~~~~~~
20 4 104 2  C) 1 — 3 0 . 7  — 5 7 . 2  6 7 7 2  i : i
30 ~l371 0 2 5 —22.2 — 4 j . l  2 3 1 3 7  122 7 5 .  ~ .1
40 43039 9 0 .. 22. 4 2 5. ~ 44 11 7 . 2 7 5
50 4301 0  0 0 1 23 .3  13.7  I- 1~ 12
60 43015 0 1 2 52.1  3 4 . 3  :-~795 21 3 0 .3 1 3
70 43021 9 1 3 ~~.s  22 . 3 1969 21 5 . 2 12
.32 43 -32 9 2 0 1 2 9 . 5  2 2 . 2  125  32 2 1 . 7 9 2
90 4 3 9 4 0  2 9 2 36.2  30 .)  7 - 9 5 1  3(3 23 .97~

120 43044 0 1 11 2 5 . 7  19 .3  15 12 11 2~~~. 535
110 43045 9 ‘9 1 32.6 26.1 1~ 5 39 8.614
120 630 50 0 0 1 i3 .l  ~3 .7  942 5 42 2 1 . T ~ 2
130 ~+3055 0 0 1 34 . 5  ~J3.1 24156  45 7 . 3 - 3 -i
140 432 60 0 1 1 2 6 . 2  2 9 . 1  370 11 2 6 . 9 6 2
iSO 43065 0 0 1 31.4 24 .7  1)61 21 - 2 . 7 3 3
160 43 168 (9 0 4 6 6 . 0  12 .3  754 8 25 30 . 3 ) 2
170 43072 2 0 52 4.6 2.6 1171 11 1131 .757
130 43078 0 1 54 15.7 2 1 . 6  071 3 11 11 .34 . 1 7 0
120 43031 0 1 1 (30.0  2 2 . 1 9.~27 23 32 . 1 3 :
200 430(35 0 0 1 5 2 . 3  1 5 . 9  3568 2 5  9 . i~~~
21) 43135 (3 0 1 55 .2  — 1 3 . 5  333 24 2 2 . 0 : 7
223 43110 3 1 9 22. fl — 5 ) . 2  19~~3 25 j . 12
230 431 13 9 0 1 59 .9  — 1 5 .3  005 ~5
240 43123 C 1 -3 40 .4 ‘3.7 3525 23 12 .14 1
250 43125  0 0 1 32 . 7  9 . 3  2 1 5 5  25
2 09 4312 3 0 (3 17 2 6 . 1  — 1 - 2 . 2  796 2 4 23) .  3 ) .
270 4 3 130 0 3 2 78.7 —~ .2  l7~ 3~ 23-
. 30 4 3140 0 2 16 32 . 0  3.9 +:: 72 49 31-. .313
2 ) 9  431 4 5  0 (9 1 4 2 . 3  — 1 7 . 0 ~-1~ 63
300 4 3 1 4 7  (9 3 1 5 9 . 7  5.3 1 7 9 4  3
312 43133 0 0 2 23 .5  — 4 . 1 139 49 -+ .
320 43160 -3 0 25 3 2 . 6  — : 3 . 2  74- 5 5 24 2 7 0 . . 2 3
330 43201 1 0 1 5 7 . 4  12 .1  173 :35 25 •.. 91 1
340 ~3222 0 0 3 50 .3  I s . :  106 13 25 2 4 . - .9
350 43204 -3 0 1 5 5 . 2  l 2 . o 15437 25 1 5. 5 3 5
362 432 2 5  1 0 0 53 .3  11.6  9 563 25
370 43206 0 0 1 56 .5  V’. 1 12523 25 2. ~92
330 43207 3 3 2 53 .3  11.4  13350 23 33.  2- it
390 43219 2 0 4 53 .3  11 .4  12632 25 4 3 . 9 7 2
400 43212 0 2 2 5 7 . 2  11.7 318 25 2. ~~ 9
413  4 3 2 1 2  -2 0 5 + . 6  1 1 . 7  123 ~~1 3
420 43213  0 0 2 31 .3  11.5  12 9 5 3  23
-530 4 321 4 ~2 1 ~ 52 .3  13. 2 1 57 2 25 33 . 7 5 7 -
- ‘+40 .+3219 (3 9 1 22 .3 11.3 3 0 2  2 5  1~~.35~
430 4 3 2 2 9  0 7- 2 51 . I 1. .. . . 9 1123 1 25 30 .  719
‘401 1322 1 r, -9 2 ~2. 3 ).~ ~~~ 25 1 ~~. 7 2 3
570 ‘~2 2 2 3  3 1 I 1’9~~3 1. -s 1 . .7~ 2 5
132 4 3 2 2 7  9 3 5 . ...7  1 9 .3  . 3 D 3 7  25 3 1 . 2
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‘.90 4322 3  (9 0 1 58 • Q  9 . 7  1252 9  25 31.  126
500 43229 ‘2 1 ~ 56.3 19.0 21797 25 66.232
513 43230 0 0 1 62.3 16.2 6411 25 iC. 566
520 43302 C) 0 1 43 .4  3 4 . 6  2 0357 51 12 .115
530 43311 0 3 9 15.5 33 .4 6432 46 172.994
540 43318 0 0 5 7 . 2  35.1 246 46 121.2 9 9
530 43326 0 0 4 13.0 44 .1  965 46 7 6 . 9 5 6
560 43326 ‘9 0 1 23 .3  53 .6 5351 33 23. 397
570 43331 1 1 2 6.7 47.0 1945 46 51.331
530 ~3343 

1) 0 4 4.0 33.2 409 46 66.545
590 43347 9 0 1 20.0 45 .6  3(32 46 17.157
600 43348 1 0 4 8 . 1  46.0 619 46 55~ u 3 5
6 13 43357 0 0 4 15.9 31.3 1173 46 79 .930
620 4 3360 ‘.9 0 1 19 .7  3 7 . 2  3 16 45 0 .556
630 44 320 0 0 1 57 .0  69 .6  7307 17 7 . 7 5 1
640 45-333 0 0 1 — 4 1 . 1  — 1 5 . 9  5-3 7 9 2 7 . 7 3 s
650 45005 1 3 33 —13.3 —13 .3 3965 33 61(9. 452
660 45011 0 5 14 — 2 7 . 5  —2 3.2 6’5 36 9 3 7 7 . 1 3 6
(57 0 4 5 2 32  0 0 3 — 4 1 . 1  — 3 7 . 1  421 -2 31 65. 9 3 7
680 450 32 ‘3 0 1 2 .1  — 2 9 . 5  155 133 8 . 1 0 2
ó90 45036 0 9 20 — 3 . 6  — 2 3 . 3  5043 33 369. 122
700 45040 0 2 4 — 1 4 . 0  — 3 9 . 5  23 16 33 125.s90
710 45 342 C) 4 46 — 1 6 . 5  — 2 0 . 7  2 4952  9 9 2 2 . 3 2 3
72. 1 45034 0 0 3 — 2 . 5  — 2 3 , 2  378 33 59. -+5 1
7:0 45036 0 9 2 — 3 7 . 0  — 2 2 . 3  5770 9 1 79 . 5 1 5
740 45065 0 0 2 — 3 . 9  — 3 1 . 2  131-2 33 2 6 . 2 2 2
750 45066 3 2 12 — 9 . 7  — 1 7 . 3  1444 83 2 5 3 . 3 o 2
760 45067 ‘9 0 1 — 2 1 . 6  — 2 1 . 9  2 4 2 1  9 12 . 9 3 9
77 3  45355 0 1 23 — 0 . 5  — 1 3 . 5  1733 63 427 . 93 1
730 45069 0 4 9 — 1 9 . 1  — 3~+ . 0  4 2 2 3  9 2 2 1 . 7 - 2j
790 451 02 ‘9 0 1 — 9 . 0  — 3 3 . 1  2383 13 23. 397
(300 ~+ 313 3 1) 0 3 — 7 . 0  — 4 9 . 7  457 0  13 33.361
313 45 1( 37  0 1 11 3.4 — 3 5 . 1  242- 9 14 1 7s.  327
32-1 45113 3 0 3 3.8 — 2 7 . 6  644 14 12 $ . ( 9 o 2
93”) 45121 0 0 1 3 .1 — 6 4 . 7  2 2 7 2  3 7 . 6 9 2
349 45122 0 0 3 —5 .9 —3 3 .1 2414 13 73.412
352 45123 0 0 5 35.6 — 31.2 3272 36 32.963
361 45133 (9 1 13 23.5 —41.4 5637 36 217.-.66
370 45133 0 0 7 26.3 —31.5 937 36 96.615
331) 45149 0 1 1 — ‘9.7 — 3 6 . 3  6660 31 6 1 . 6,3
1390 45142  0 0 13 14.0 ~ 33. L 1112 36 12 0 . 3 7 - i
900 65146 0 1 8 13.0 —32. 0 4 2 6  14  1 3~ . 23 1
91’) 6515 9 0 4 1 — 1 3 . 2  —43. 4 39 97 13 1 1 1 . 67 3
923 45132 0 1 3 —4 . ’. — 3 3 . 3  13 7 6 33 5- 5 . 9 2 ?
93’) 4 5159  0 0 6 19.1  — 3 2 . 8  9 ) 1  14 . 2 .2 5 2
5 t 0  45164 0 0 1 11.3  — 1 0 . 9 121 14 12.  .22
05 0 15 109 0 2 17 2 2 . 4  — 2 1 . 9  17b9 1.  2~~.. 1 7 5
362 4 3 1 7 1  0 0 1 13.0 — 3 4 .6 113’. 3 7 . 1 0 3
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~ 7 ) 4 5 1 7 2  0 1 1 33 .5  _ 5 . 9 , :, 75 30 2 3 . i 3 i
~~~ 45177  0 1 137 2 1 . 1  — 3 1 . 7  , 122  11 1 7 s 7 . 0 7 5
990 4 5 2 9 1  0 1 — 2 1 . 6  —4~~. -9 3063 31 5 9 . 3 2 3

1-922 4 5 2 2 2  3 2 (3 — 2 - 5 . 6  — - . 3 . 0  •,5s 3 31 13 .601
121,) 45294 0 C) 1 — 2 4 . 6  — 4 3 . 0  4142  31 2 4 . 4 2 5
1220 45205 (3 1 5 — 2 1. 6  —4 .3 . 0  4 97 31 6 7 . 7 5 1
103(3 4 52 36  0 1) 1 — 2 3 . 1  — 4 7 . 0  3522 31 13 .33 1
1940 452-Os 0 0 1 — 2 1 . 5  — 4 6 . 6  9-3 11 31 1 1 . 2 :5
1050 -+ 52 09 3 (3 1 — 2 1 . 3  — 4 6 . 6  5954 31
11)60 4 5210 1) 0 1 — 2 6 . 0  — 4 3 . 2  6459 31 0 . 137
1( 970 45211 0 1 4 — 2 4 . 9  — 4 6 . 2  2316 0 31 37. 551
1383 45 2 12  ‘0 1 2 — 2 1 . 2  — 4 4 . 4  11904 31 31 .915
1090 45213 ‘9 “9 1 — 1 6 . 4  — 4 2 . 0  5591 31 24 .619
1130 45214 0 0 1 —24.6 —4:j.3 775-5 31
1110 45215 0 0 13 —22.0 —44.1 1325 31 292.395
1123 45215 0 1 1 —22.0 —43.1 4722 31 42.969
113’) 45213 0 0 1 —23.5 —42.3 1s92 31 0.
114”) 45219 0 0 5 — 2 3 . 1  — 4 7 . 0  ‘392 9 31 33 .79 1
1153 4 52 2 2  0 0 5 — 2 3 . 1  — 4 7 . 0  77 13 1 31 50 .117
116 0 45223 0 1 1 — 2 5 . 2  — 4 5 . 6  7400 31 2 7 . 3 3 3
117’) 45224  0 1 2 — 2 5 .0 — 4 5 . 6  92 -23 31 ~~~~~. 336
1130 45225  0 0 1 — 2 5 . 0  — 4 5 . 6  6192  31 ~~ . ‘ -.i
119’) 4 5 2 2 5  0 0 2 — 2 1 . 2  — - + 7 . 2  3o3 2  31 31.911
120(9 4 3 2 2 7  0 1) 6 — 1 7 . fl —4 1 .0  s~+ 62 31 9 3 . 5 5 6
1210 45229  0 0 4 — 2 3 . 1  — 4 7 . 0  9 2 7 2  31 4 9 . 7 7 3
L 2 2 9  4523 3  ‘3 2 2 — 1 9 . 7  — 4 6 . 6  13619 31 92 .  i~~7
123fl 45231 (3 3 7 —2-- . . 9  — 4 4 . 7  13s34 31 192 . 3 6 3
1242 4 5236 (3 0 9 —13.4 —42.0 11395 31 134 .935
125’) 45233 0 “9 1 — 2 3 . 3  — 4 7 . 9  19 513 31 17 . 3 0 )
1260 45239 (3 4 1)  — 2 1 . 9  —4 . .,. 7 2 2 4 19  31 1 7 0 .2 2 2
127 9  4 5 2 4 0  0 6 13 —23 . 5 — 4 2 . 3  923 0 31 467 .d12
124 ’) 432 4 1  9 1 7 — 2 2 .~ —4 2. -~ ~041 31 1 7 9 .6 1 5
129’) 45242 0 1 — 1 6 . 4  — 4 2 . 0  -s343 31 2 1 . 7 ’ . )
1330 45243 0 1) 1 — 1 7 . 0  —44. ”) 5377 31 63 .661
i313 45244 0 0 1 — 1 7 . 0  — 4 3 . ’) 5915 31 1 6 . 2 96
1320 4 5 2 4 6  0 1 5 — 2 3 . 5  —42 .8 3422 31 113. 374
1330 43301 0 1 13 1.3 — 5 . 7  13(9 29 164. 153
134-9 45 303 3 0 2 — 3 1 . 4  2 3 . 4  3 14 19 42.023
1350 453 94 (9 0 13  — 2 6 . 7  12.9 2337 19 353.2’.9
1350 ‘.5305 “ ~ ) 106 —~~ S — 1 1  5 ~0~~4 ~9 ~ 4 4 9  i31
157’) 4 5307  0 1 8 2 1 . 6  — 1 3 . 3  138 29 139 .23 7
133)  45393 0 1 1 — 1 9 . 9  2 2 . 6  15(3 33
139’) 4530) 1) 2 33 —1’~.3 2.5 35o9 57 r 1 ” . 115
14 0 3  4 5 3 1 1  0 0 2 — 3 2 . 3  — 1 1 . 7  17~~1 03
14 10  4 3 3 1 2  0 1 7 — 4 . 1  1 7 . 3  372 53 1~~0 .237
1 . 2 2  553 1’.  ‘1 3 31 13.6 — - + .  I 0 94  2~ 331. -+7 ’
1 - . 3 )  153 5 0’ 1 12 — 1 6 . 3  4 . 4  723 57 -:-. , , - , 43
1~~-. ‘ 553 1 , ‘9 6 12.4 1. 0 1 2’? 1 i ’~. 9 T 1
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1450 45317  0 1 7 — 4 . 5  23.3 3’.1 55 1 .3 .503
146 1) 4531 5 0 0 9 — 1 5 . 7  .2.1 1952 55 I ’ ’ . ) l l
1470 45319 1 1) 7 5 .9  6 . 9  117 12 :4.353
1430 43320 3 2 12 — 3 1 . 3  — 3 . 5  331’i ‘.3
1490 45322  I 7 149 — 13. 1 4 . 7  069 -’) 57 . 9 2 . 6 5 6
1500 45323 19 83 467 6.3  6 .6  2035 12 111’2 .0 12
1510 4532 4 393 1261 2639 2 . 0  1.2 1334 7 2 i  5 3 7 1 2 . 9 2 o
1520 45326 0 0 1 —3 .3 23 .6  333 35 23 . 3:3 1
1530 45327  2 1 13 — 1 6 . 5  — 1 2 . 1  5 1933 57 2 4 3 . 4 2 2
1540 45328 0 0 2 — 2 3 . 6  21 .9  13 3  19 11.2’ i +
1550 45331 3 0 24 — 3 0 . 9  2 1 . 5  3095 19 4 1 7 . 6 4 1
1560 45332 (3 0 1 — 3 9 . 2  13.3 119 19 21.2 5 3
1570 45335 1 1 53 17.6 —9. -3 1771  29 96(3 . 32’)
1530 45337 0 0 3 —19.2 13.6 (509 55 4o. 922
1591) 45333 (3 - 1 10 — 2 6 . 2  3.5 1414 63 195. 713
1600 45339 -0 2 7 —15.5 13.5 1136 55 131.0~ 3
1610 45341  15 29 224 0.6 5.0 1628 12 34 0 1.346
1620 45342 0 5 56 —1 1 .0  —1 - 2 .5  7416 57 98 1.354
1630 45344 44 313 632 1.3 9 . 2  5963 12 127 37 . ’?~~5
1640 45345 0 1 18 —19.5  — 1 5 . 0  2473 37 2 6 3 . 0 7 6
1650 45346 ‘3 0 (5 —3.1 12.1 1-30s 19 -54. 455
1360 45349 0 0 12 5.1 13.1 175 12 233. 343
1670 43350 3 0 1 —27.5 36.0 52 19 17.720
1tu0 45352 (9 0 1 —36.2 17.5 36 19 3.722
159’) 45356 1 2 34 —1 - 3.1  2 4 . 2  9647 55 636 . 742
1700 4535 3 0 0 3 — 2 3 . 1  13.0 136 19 50. 235
1710 45359 0 0 2 — 1 5 . 5  17 .6  371 55 22 .  342
1720 453 63 3 3 1 — 1 3 . 3  3 0 .2  113 75 2 0 . 4 2 ’ ?
1730 45365 ‘2 1 9 —13. 4 33.4 C000 75 175.252
1740 45363 0 0 17 22.5 1.7 1333 12 2 0 5 .2 5 3
1750 45369 ‘9 2 12 2 3 . 7  5. ’) 332 12 175.9 53
1700 45370 1 24 2.1 — 12.9 756 2(9 4)6.927
1770 4537 1  1 S 1~~0 1 .2  ~~ .b  4344 55 3636.5 :3
173(3 43372  ‘1 (9 2 11.6 15.0 139 12 3 7 . 2 ’ 3
1793 4 5 373  2 ‘7 ~4 —7. 13 16.1 9752 35 1629.7.2
130’) 4 5 3 7 7  2 11 1313 —7.9 3.3 4725 57 2750.031
1311) 4537 3  (9 ‘3 1 —23.7 7.5 21 1 58 24. 992
1.20 453 30 1 1 4 — 2 2 . 6  29 .1  170 1 19 75 .57 1
1330 45381 2 2 6 — 2 5 . 8  — 4 . 0  1825 68 122.221
1340 45382 3 0 1 —31.  1 7.1 032 63 7. 47 3
1.20 .~53 :.;3 1 2 27 —15. 3 11.3 2335 35 5;3(9• 371
l~ c27 13395 1 1 25 9.3 —5. 5 360 29 539.579
1 - ~7(3 45335 21 271 1124 5.4 —3 .1 14276 29 27033.416
1 350 15 337 (3 11 174 3.5 0.3 223k. 22 3465.221
1390 4533’) ‘9 1 7 —11.3  17.8 237 11 1 5 1 . 3 37
11.22 4) 102 2 1 34 —3.1 —3.2 17j3 57 317, 271
1313 -55593 15 32 225 — 5.9 — 3 . 2  3 529  37 3 9 1 2 . 7 3 3
1)2) 1. 5 5 ) 4 ~ 3(3 112 —6.7 —1.5 -921 57 1s~ 2 .120

76

____________________________________________ 
_ _ _  _ _ _  ~~~~~



- - - 

C 9 . ~~~2~~ ~~~~~~~~~~~ - - —--- —--

1 )34 43455 7 32 255 —3 .5 —‘3.2 L l O O o  ~7 ,5~1 1 . ~~5I )
1o4 5 -434 16 32 31 575 — ) .  3 — 3 .  1 11573 37 iS .1. 7:
195(3 45507 33 4 320 — 9 . 2  — 3 . 7  3571 57 122 1. l j - 2
1)63 454 03 35 3 353 — 1 1 . 4 — 3 . 1  6054 57 - + 7~ O. 702
1973  45400 2 11 64 — 6 . 1  — 5 . 2  4362 57 13)2 .156
13s0 45413 9 13 172 —3. 1 —3.2 9312 57 2647.01)7
1) 9 )  4 54 1- 5 4 21 294 — 7 . 7  1 .4  s529 57 3s~~7. i on
2302 ‘+ 5415  3 24 193 — .6 — -3.2 449 6 57 4 1 7 5 . 2 5 3
2013 45416 0 4 90 — 14 .0 — 3 . 2  2 6 9 7  57 14 .2.311
2020 45417 31 2 416 — 1 1 . 3  — 3 . 1  (5303 57 5 9 5 5 . 4 3 2
2033 4541 8 14 6 252 — 1 1 . 3  — 3 . 1  2 143 37 4 2 1 7 . 0 1 5
2040 4 5419 4 is 2~~5 — 6 . 1  — 5 . 2  7 5 2 2  57 4 3 , 5 . 3 5 6
20 50 35 120 7 lu  353 4 .5 -5 .3 12 2 4 3  37 3312 .125
2060 45424 38 1170 1539 — 6 . 7  — 1 . 3  13 1 12  57 5 53 9 3 . 5 2 7
2070 4542 5 0 14 172 — 1 4 . 0  — - 3 .2  ‘5325 57 3355 .333
2 ) 3 0  4 5 4 2 7  15 3 181 — 1 1 . 3  — 3 . 1  53 16  57 2 7 9 0 . 7 9 s
2090 45429 7 36 464 — 5 . 3  — 5 . 1  10335 37 9 3 3 1 . 42 2
2 13-2 4 5430 2 + 7 104 —~~. 5 — 4 ,5  16 6 0  57 4513 . 37 ?
211 -3 45431 13’. 1793 930 — 3 . 3  — 2 . 2  o23 2 57 2 0 5 5 .3 2 3
2120 45432 19 2 17  594 — 3 . 3  — 2 . 2  5359 57 1 5 7 9 2 . 6 0 - 6
2130 45433 74 2093 222 0. 0. 2 .27 29 31 335 .2 0 1
2130 45439 2 3 42 — 1 5 . 6  — -3 .5 -5393 37 7 0 1 . 7 5 2
2130 45440 1 63 495 —4 .7 — 1 1 . 3  0225  37 1 l ’j 53. 394
2160 - + 3 4 4 9  2 12 1-21 — 1 3 . 3  — 3 .  6 ” 6 - +  37 195 1. -+ 31
2. 170 4545 ’) 2 37 353 — 4 . 7  — 1 1 . 0  13311 57 3 5 3 4 , 3 5 7
2113 0 45501 7 39 255 1 2 . 3  6 .9  1192 12 3 4 2 1 . 2 5 7
2190 45503 o 9 271  14 .5 10 .4  11317 12 4 - i 2 0 . ) 1 3
2200 4 5 5 3 4  3 6 235 12 .1  9 . 3  7 5 3 9 12 -~2 $6 .  594
2210 45535 11 5 2 13 15.7  9 . 1  12.23 .2 5 2 7 1 . 3 3 2
2 2 2 0  45536 27 3 ‘460 11.7  6 . 7  312 1 12 5 3 22 . . 2 9
2230 43601 0 2 33 .3  — 3 2 . 2  16371 71 16 . 2 3 5
224 0 43633 0 0 1 6 3 .7  - 2 4 . 6  53 71 - 9 . 6 5 5
2250 45662 0 0 1 63 . 2  — 7 1 . 3  18596 73 1 1 .3 2 7
22 3 - )  45679  0 ‘) 1 2 6 . 1  — 5 9 . 4  O O S  1 12. 116
2270  4 5 6 9 2  C) 1 ‘3 3 1.0 — 4 7 . 2  3553 41
22 80 15305 7 0 2 — 2 . 8  6 4 . 9  3 -3327 2 3 2 .2 1 3
2 2 9 3  4 5 .3-+1 1) 2 1• 21.5  9 6 . 2  17229 32 52 . 3 6 9
2300 4 5 2 6 5  0 3 2 — 1 7 . 3  4 0 . 7  1435 5 35.3 136
231 1 45 3 75  0 0 2 — 3 . 3 ’  3 4 . 3  2 ’~6 1 ‘39 2 4 .  665
2320 45335 1) ‘3 1 —17 . 5 5 1 . 2  4T~~$ 6 2 1 . 7 2 9
2333 45 32 1 1 0 1 —2 3 . 4  7 3 . 7  6175 91 3 . 9 5 ?
2 9 4 ’)  -+7 -113 (3 (9 1 — 5 4 . 2 — 5 3 . 9  1 ~19 13 ’4 2 7 . 339

‘ 235 1 47 ( 325 .3 0 1 — 3 3 . 2  — 4 3 . 9  3 ) 7 ’)  1~~L. 1~~. 7.2
2360 47335  0 0 1 —~~1. ’ 0 .0  513 (337 3.592
237 0  4 7 3 5 5  ~) ‘3 ~-.6 . ’ 1 7 . )  1~~1~ 116 2~~.2 2 7
258 ’) 4 73 s2  3 :3 2 ~~~“ . 5  3 .5  12 3 7’ .) 1 7 5 1. 1. ~‘1-0
2 3 ) 0  4 7 3 7 - .  2 1 7 — ‘ + 3 . 3  1 . 5  2 ’~ 13’~ 1~~7 1 ’ .s. 3 2’)
:1.2 9 ) ) ) ’ ’  33 2 .3 1 3” ‘3 .3 0. 0 Is 8’3 9 ” ’  :2~~~7 . - 5 .  ‘ ‘
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APPENDD( C

TABULATED DATA FOR EMPLOYEE
AND WAGE DISTRIBUTIONS
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1. DISTRIBUTION OF EMPLOYEES
— RADIAL DISTANCE FROM WPAFB

1 1 3  1’.JG}-~A .~ ~ E ) 1ST . \ ~~G E ~ —

~ A i ) 1 A L

L E S S  I LU. OR ~~~~~~~~ O F
EQL’ .~L TO

5 1 2 2 2 5
10 5 5 1 6
15 5 5 3 6
2 )  13 1 3
2 5  2 5 1
30 25~
35 2 1- i
4 3  133
45
5-i 13 2
55
60 j v J

65 17
73  14
75 -‘

83  4
35 2
9’) 5
95 2

1 01) 1
105  fl
110  0
1 1 5
1 2 0  2
1 2 5  .2
1 3 - )  0
13 5  -3
1 4 0  -j
1 4 5  3
1 53  0
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2. DISTRIBUTION OF FEDERAL P A Y
RADIAL DISTANCE FROM WPAFB

1~~S l o ) G P A I  O~ D L 3 T A 1 ~c:3 — iL\TAL F ILiI
? ‘.ECT ILL: IEAR

L E S S  T 1 A ~ O R A J O U L  3
Q U~\ L  Iii 3E1) 1IAGE S

5 121 23 .306
1)  1 5 - 4 2 3 5 . 1 1 5
15 1 1 2 3 2 6 . 2 5 2
20 40331 .943
25 17 653. 130
30 4 6 7 0 .  5 13 1

-: 35 1 95 ~~. 9 6 3
40 37’~0 .323
45 1095.083
53 2 3 6 4 . 9 5 5
55 1553.0 13
6 0
65 6 4 5 . 3 9 0
70  1 7 3 5 . 2 9 0
7 5  7 - 3 9 . 9 9 5
33  4 5 3 . 3 0 9
35 9 7 . 2 5 4
90 91 .23 1
95  3 6 . 6 5 2

100 0.
13 5  2 3 . 6 3 5
110  7 9 . 5 2 3
1 1 5  0 .
1 2 0  0 .
125 _ 1. 73.1
130 1) . 0 3 3
1 3 5  1 1 . 9 2 7
141) 0.
1 4 5  0.
150 0.
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3. DISTRIBUTION OF EMPLOYEES
RECTILINEAR DISTANCE FROM WPAFB

1 I I sT o G a A :~ OF U I S T A ~~C E S  — D A T A Z  F I L E
R E  CT I L L  ~ E A R

L E S S  T~iAN OR ~ U~~B E R  OF
E Q U A L  To E I P L O Y E E S

5 3~~5O
10 9 0 7 3
15 6 7 7 4
20 2 1 1 3
25 1 0 5 2
30 2 5 0
35 119
40 2 1 3
45 60
50 139
55 108
ô O 71
65 37
70  114
75 55
30 30
85 7
90 5
95 4

100 0
105 3
110 4
115 0
12 0 0
125  1
130 2
135 1
140 0
145  0
150 0
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4. DISTRIBUTION OF FEDERAL PAY
RADIAL DISTANCE FROM WPAFB

~1I S T U G R A . -I OF  D I S T A N C E S  — D A T A Z  F I L E
RAD LA L

L E S S  T H A N  OR A~1oU ~;T OF
E Q U A L  T O F E D  U A G E S

5 1 3 2 6 0 5 . 5 2 8
10 1 4 9 0 9 3 .1 4 1
15 9 7 5 14 . 2 5 6
20 1 7 1 9 4 . 3 7 2
25 4 3 0 7 . 9 0 0
30 4 5 4 1 . 3 4 2
35 3 5 4 2 . 2 5 6
4 0 2 2 9 0 . 3 7 7
45 7 2 3 . 5 4 2
5 0 2 2 4 8 . 9 7 6
55 12 3 6 . 9 8 1
60 5 6 9 . 6 3 3
65 2 7 4 . 8 4 1
7 0 1 3 5 . 7 5 4
75 2 7 . 6 5 0
80 3 9 . 7 7 4
85 2 4 . 6 6 5
90 6 7 . 4 14
95 3 3 . 0 3 1

10 0 1 1 . 9 2 7
105 0.
110 0.
115 0.
120 0.
1 2 5  0.
130 0.
135 0.
140 0.
145 0.
150 0.
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APPENDIX D

PERCENT OF WORK FORCE EMPLOYED AT WPAFB
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C T Y  C O D E  P E R C E N T  OF ~J O R K  F O R C E

1 0 .0 1 8
2 0 . 0 04
6 0 . 0 13
8 0 .0 1 8
9 0 . 10 3

11 1 .154
12 5 .3 03
13 0 .0 3 4
14 1 . 1 4 2
17 0 . 0 0 5
19 0 . 2 6 5
21 u . 0 1 5
2 3 0 .0 0 9
24 0 . 3 9 7
25 0 . 0 1 2
29 13 .834
31 0 . 0 4 3
32 0 .0 1 1
33 0 . 0 08

• i 6 0 .2 7 3
40 0 .0 1 0
42 0 . 0 0 6
45 0 .0 0 2
4 6 0 .2 4 5
49 0 . 1 6 5
51 0 . 0 0 4
55 1 . 1 5 4
57 5 . 0 0 9
6 5 0 . 0 1 3
68 0 . 2 9 0
69 0 .0 1 8
71 0 .0 1 3
73 0 . 0 0 4
75 0 . 0 6 4
80 0 . 3 3 7
8 1 0 .0 0 8
33 0 . 3 6 5

101 0 . 0 0 7
102 0 . 0 2 5
103 0 . 0 2 6
104 0 . 0 1 7
105 0 .0 1 0
106 0 . 0 0 7
107 0 . 0 2 3
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COMPUTER PROGRAMS
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