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EMPLOYMENT MULTIPLIERS OF MILITARY INSTALLATIONS:
A CROSS SECTIONAL ANALYSIS OF U.S. AIR FORCE BASES
INTRODUCTION

" Since 1870 when Congress passed the Natlonal Environmental
;.;Proteotlon Act (NEPA), all branches of the Federal Government are
ifrequlred to prepare env1ronmenta1 1mpact statements when proposed

'changes in employment and/or 1nvestment meet oertaln threshold

j'levels 1 Included in the broad 1nterpretat10n of the
env1ronment is the sociosconomic environment, and thus NEPA can
rbe viéned as the “father" of socioéoonomic impnct analysis within
:tho Feooral sector.

| Although the military falls under the purview of NEPA, there
are other specific fequirements which mandate economic impact
- statements for the military.2 Within the U.S. Air Force, one such
requirement through Air Force Regulation 170-4 (AFR 170-3).3

This regulation, vhich requires the preparation of a report known

?as the Economlc Resources Impact Statement (ERIS),_requlres in
'part that each installation within the Air Force Prepare a
statement of it’s economic impact on the local arega. Because of
the need for methodological con51stency among the many Alr Forcs
1nsta11at10ns, the size of the economic 1mpact region (EIR) is
held constant. The area in which the major economic impact of
installation is concentrated is defined as those whole counties
which fall within a 50 mile radius of the population centroid of
county in which the installation is located. The objsctive of
this paper is to examine the sensitivity of the emplovment

multipliers among U.S. Air Force installations to alternative
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definitions (radiuses) of the econonic impact region.
METHODOLOGY FOR ESTIMATING EMPLOYMENT MULTIPLIERS

Before examining the precise methodology used in estimating
the employment mﬁltipliers, some disouesion of the motivation of
the exerolse 15 warranted The prlmary obJeotlve of AFR 170-4 is
L to prov1de the base commander wlth a report {the Economlc
"Resouroes Imgact Statement) which, as accurately as possible,
,doouﬁeﬁts the size, oharaoter, nature and impact of the

1nstallatlon on the looal area. | All CONUSKinstellations are
requlred to prepare the report annually, although the speolf1o
- format and detall are somewhat discretionary. Although the
speoifio_methodology to be used in estimating the size of the
employment ﬁultiélier is not mandated in the regulation, the need
for a oost-effioient and consistent methodology constrains the
choice oonsiderably.

The need for a cost-efficient methodology highly reoommende
an eoonomlc~base methodology Input;output analysis as well os
eoonometrlo models, while beooming mores effioient in recent
years, are still more costly than economic base models.
Moreover, for purposes of the ERIS, economic base models satisfy
the dﬁél reqoirements of effioienoy and acodracy.

Tﬁe specific economic base methodology employed is that
which has been developed by the U.S. Army Corps of Engineers,
Construction Engineering Research Laboratory (CERL) and is known
as the EIFS (economic impact forecazst system).4

The traditional economic base multiplier is founded upon an

assumed dichotomy of total employment between that portion of



employment which produces goods and services for export (outside
of \the region) and that portion of total employment which serves
the export sector as well as the local population. The while the
latter is termed the non-basic or service sector. If it is
assumed that btaslc suployment csusss pon-basic smployment, then
the ratio of the two sectors determines an employment multlpller

The allocation of employment between basic and non—ba51c is

otz of the Lrltlcal elpmwnta in the estimation of the multlpller

The EIFS approach utlllzes & looatlon quotlent methodology'_wher

the locatlon quotlent is a measure of relative concentratlon 5£
W1th1n certain sectors More speolfloally, the looatlon quotloot
is defined as the percent of total employment in a speclf1c |
gsector in the study reglon d1v1ded by the percent of total
employment in that sams sector in the nation (or state or other
region used for oompar1son) |

There are three assumptlons which are implicit in the use of,f
location quotlents for determlnlng the allooatlon of total .

employment between ba51c and non~ba51o They are (1) patterns of'

- consumpt1on do no_{vary bstween the study area and the area user

for oomparlson,_(Z) labor produot1v1ty does not vary between the -

study area and the area used for comparlsons, and (3) each

1mduatrv axamlnad produ;es only a zingle homogeneous good ' leen.

thess three assumptlons, 1t follows that local demand can be
patlefied when the ratlo of'amploymant in a specific sector
within the region is equal to the ratic of employment in that
sector for the nation (the location quotient is equal to 1).
Export based employment can then be derived as that proportion of

3

AT



local employment which exceeds the amount needed to satisfy local
needs;
The EIFS system assumee_that alllFederal employment is basio
;A(export orlented) since fundﬂ for this seotor orlglnate out51de

Hidtthe looal area. In add1t10n, all hotel tourlst oourt, and motel

'employment 1s treated as ba51o by aesumptlon In all other..

-;glnstances, the four ~digit 8I1C code 1ndustry employment 1evelerare
l'f_used 1n the'allooetlon of ba51c and non-— ba51o employment When
'-5tounty 1eve1 employment data is not reported beoauee of disclosure
problems, the EIFS system utlllzes an estlmatlon routlne whlch is
detalled in the EIFS Teohnloal Manuel
Before the economic base multlpller can be estlmated ‘the
speclflc area in whloh the economic 1mpact is thought to occur
must be identified. The EIFS system allows the oser to specify
the region as a single county, or a combination of counties. An

alternative approach is to specify the radius (in miles) around

“the populetlon oentr01ds of the oounty in whloh the 1netall&t10n

:‘15 1oo&ted Thus the user could spe01fy that the economic impact
‘”dregion is the area represented by those counties which fall

within a 50 mile radius of the of the iooation of the

installation. The system then aggregates the associabed

employment information-for this "region”, and following the

‘methodology outlined above, estimates the employment.multipliers.

Using the economic base methodology as contained in the EIFS
syetem,'and assuming a 50 mile economic impact region, employment
multipliers have besn estimated for all U.8. Air Force

installations located in the continental United States., A



summary of ihe resulting distribution of employment multipliers
is distribution is contained in Table 1.
SENSITIVITY OF MULTIPLIERS TO THE CHOICE OF EIR’S
f The ch01ce of a 50 mile radius for the area in whlch the

economlc 1mpact occurs is essentlally based upon dlstance~to work

;ijf.travel patterns revealed in the 1981 &ggggl Hogs;ng §urvex As

‘Table 2 1nd10ates, over 98 percent of those who rent homes and
'97;per enllofuthose who own thelr homes travel 1ess ‘than 50 -
- miles to’ work eaéh way. If we assume that most cansumptlon
:occurs w1th1n the area deflned by travel to work patterns, then a
‘B0 radlus appears to capture almost all of the consumptlon
expendltures made in the local area. While the distance to work
| data supports the used of a BO mile radius in general a question
arises as to how sen51t1ve the employment multlpllers are to this
choiéerof EIR’s? If the multipliers are distance sensitive, then
it'foilows that a more careful approaoh to the selection of BEIR’'s
[(even 1nsta11at10n~sp601flc), would be Justlfled ' If they are
not sen81t1ve,‘then the 50 mlle radlus 1 supported by the
‘ev;ﬁgnoe.r
In ordéfﬁto test the sensitivity 6f theée emplo&ment

“multipliers ts-the size of the economic inpact region, a null
hypothesis is advanced that there is no diffgrenoe in the means
of the distributions of multipliers based upon three alternative
economic impact redions. The alternative EIR’s tested are: (1) a
20 mile region, {(2) a 30 mile region, and (3) and a 40 mile
region.

Using a test of the differencss betwesen the means of



.- Mean of Distribution - 2.7489

_Numbef in Sample

. ivifrom Previous Distribution

Table 1

Estimates of Employment Multipliers, Alternstive Definitions
of the Economic Impact Region
1983

e _Beonomic Impact Region

. rit _ 3.0410 2.9797
~Standard Deviation N L Lo
- of Distribution . . 6419

7420 .7242

| © 104 98
Significantly Different S

Source: Estimated by the author



distributions, the data support the null hypothesis that there is
no difference between the means of the distributions of
employment multipliers for U.8S. Air Force installations (Table

a3, It can be argued therefore, that the choicé of the 50 mile

o radlus 1s an approprlate one, and that the alternatlves would not

51gn1f10antly (statlstlcally) alter the estlmated size of the

s multlpllers

THE RELATIONSHIP BETWEEN POPULATION AND THE
: - SIZE OF THE MULTIPLIER .

It was noted éboﬁe that the most recent year for which data
Ty avallable for estlmatlng the multlpllers is 1982 When
'attempt1ng to estlmatlng an 1mpaﬁt for a future year (1988 or
.beyond), there 1s.some question as to the appropriatensss of the
" 1982 based multipliér for a 1988 or beyond impact. Ta see if a
| éimplerforeoasting equafion could be estimated from the cross
éectional data on U.8. Air Force multipliers, a regression

equatlon was estlmated for each of the four dlstrlbutlons {BO

\'Ligilg,ﬁ40 mlle, 30 mlle and 20 mlle) using the total population of
j@hé sconomic 1mpact'region as an independent variable. Table 3
presen£s the results of these regressions.

While the population variable is statistically significant
in'eaéh of the regfession equations, none of the r2’s ére
SUfficiently high enough to provide an accurate methodology for
updating the estimate of the size of the multiplier. The
equation with the highest percent of explained variance is the 40
Mile radius equation. This suggests that there is a better

degree of association between the size of the multipliers and



Table 2

Conparison of Owner and Renter Occupied Households
by Distance to Work, United States
1381 : :
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‘Distance From R S e

o e ———n e e s s

B to 9 Miles . .
10 to 29 Miles
30 to 49 Miles

Over 50 Miles _.1.3% 2.1%
: 100.0% - +100. 0%
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Table 3

Regression Analysis of Employment Multipliers and
Total Population by Size of Economic Impact Region (EIR)

T T T T T e ik b LA ks Ak Sk drbd o e e it ey VRN T S A it LN WA i ks e e rrm e e . P T S R Mt Ake e Akt e e o n v o o e
A n S om0k B A o e e e ey S — et W Tt T R S At e T o A8 At i Bt R b b e e ek o o . e oo s T N T o L S o ———— T TIIno

120 Mile Radius . . .EM = 2.4819’+s oooooossPOP L
S (8.32) o
o F o= 69.2) r2 = 14085 DF =99

30 Mile Radius . EM = 2.5871 + OOOOOOSGPOP L[_
87.7; r2 = 4596__DF = 101

=
i1

i

2.6583 + 0000003224POP
" (9.99) -

40 Mile‘Radius o EM
' 99.8; »2 = .4898; DF = 102

ico)
i

50 Mile Radius EM = 22,7284 + 000000136POP
F = 41.55; r2 = 2948 DF = 96

Source: Estimated by the Author



population using the 40 mile radius EIR than the other EIR’s. It
does not suggest that the 40 nile radius is superior to the
others in terms of estimating the size of the multlpllers,

_ rhoweverr_ :

CONCLUSIONS

The_prlmary obgeetlve of thls was to examlne the sen31t1v1ty

o of employment multlpllers to alternatlve deflnltlons of the

Q econom1c 1mpact reglon for U. 5. Alr Force 1nsta11at10ns A

‘eeecon ary?obJectlve was to examlne the relatlonshlp between the
n‘ie_51ze of the multlpller and the total populatlon of the economic
1mpact reglon The results of the research suggest that the
ch01ce between a 20, 30, 40 or 50O mile radius is not critical in
determlnlng the mean of the distribution of multlpllers, and by
1mp110at10n, the multlpllers for any of the 1nd1v1dua1
1nsta11at10ns The relationship between the size of the
-'multlpller and the total population of the EIR’s proved to be
'statlstlcally s1gn1f10ant but not sufflolently 1arge enough to

S : 3 .,).
'*ifprov1de-a useful tool



Footnotes

iNational Environmental Protection Act of 1969, 83 Stat 852,
4208C 4321 (January 1970) , : :

frzseé, for-example,'thé‘Militar? Construgti@nTAuthofization Acﬁ,
1981, PL 96-418, October 10, 1980, Sec. 803b; "10USC 2887 and
. Executive Order 12049, March 27 1878 (Defense Economic Adjustment

3Air Force Regulation 170-3, Department of the Air Force,

“'Headquarters Air Forcé,TWashihgtdth.C{;fllN@yembgpfigséi_'7

«#48ee R. D.:Webster, L."Ortiz,” R. :Mitchell and W. Hawilten, - " .
- Development of the Economics .Impact Forecast ‘System (BIFS) = The
f“iMultiplierjAspects,fTechnical-Report N-35, (Chempaign, I11.:
Construction Engineering Research Laboratory, May 1978)
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LNIRCTGCTION

Since 1970 when Congress passed the National Ervirommental Protecticn Act (NEFA), a1l
brarnches of the Federal Goverrment are required to prepare envirormental impact statements
when proposed changes in employrent and/or investment meet certain threshold levels.
Ircluded in the broad interpretation of the "enviromentV is the sociceccromic
envircrment, and thus NEPA can be viewed as the “father" of sociceccncmic impact analysis
within the Federal sector. )

"Although the military f£alls under the parview of NEPA, there are other soecific
requirements which mandate economic impact statements for the military, Withinathe U.s,

: Gt Stat (BRIS), requires in part that each installation within the Air Force
prepare a statement of it's economic impact on the local area. Because of the need for

methodological consistency among the many Air Force installations, the size of the

ecorenxic Impact reg.?on (EIR) is held constant. The area in vhich the major econcmic

mmmmRmmmnnmoﬂmm

Befora examining the precise methodology used in estimating the enploynent miltipliers,
some discussion of the motivation of the exercise is warranted. The prizavy chjective of
2FR 170-4 is to provide the base commander with a xeport (the Fconemic Rescurces Tmpact
Statezent) which, as accurately as possible, decuments the size, character, nature ard
inpact of the installaticn on tha local area. All OONUS installaticns ave required to
prepare the report annually, although the specific format and detail are scmewhat
discretionary. Although the specific rethodolegy to be used in estimating the size of the
employrent miltiplier is not mandated in the regulation, the need for a cost-efficient ard
consistent methodolegy constrains the choice considerably.

The need for a cost-efficient methodology highly recormends an ecencmic—kasa methodology,
Input-cutput analysis as well as econcmetric medels, while becoming more efficient in
recent years, are still more costly than economic base models. Moreover, for purpcses of
the ERIS, econcmic base models satisfy the dual requirements of efficiency ard accuracy.

]'Naticral Ervirormental Protection Act of 1969, 83 Stat 852, 42USC 4321 (January 1970)

2See, for exanple, the Military Construction Authorization Act, 1981, PL 55-418, Octcber
10, 1520, Sec. 803b; 10USC 2687 and Executive Order 12049, March 27 197z (Cefense Econcmic !
Adjusizent Programs). i

3Air Force Regulation 170~3, Department of the Air Force, Headquarters Air Force,
Washirgten D.C., 1 November 1984.




The specific eccnomic hase methodology employed is that which has been developed by the
U.S. Nrmy Corps of Engireers, Construction Engineeripg Research laboratory (CERL) ard is
., known as the EIFS (eccremic impact forecast system).

Tne traditional eccnccic base multiplier is founded upen an assumed dichotcmy of total
enployment between that portion of employwent which produces goods and services for export

. (outside of the regicn) and that portion of total empleyrent which sexrves the export
gector as well as the local pepulation. 7The while the latter is termed the non-hasic or
service sector. If it is assumed that basic ermployment causes non-basic e ployment, then
the ratio of the two sectors determines an employment maltiplier.

The allocation of erployment between basic ard nen-basic is one of the critical elements
s T in the estimation of t-e multiplier. fThe EIFS approach utilizes a location quotient
. ’ methodology, where the location quotient is a measure of relative concentration within
- certain sectors. More specifically, the location guotient is defined as the pexcent of
e total employment in a specific sector in the study regicn divided by the percent of total
enployment in that sz=e sector in the nation (or state or other region used for
conparison) .

-~ There are three ass—gticns which are implicit in the use of location quotients for
determining the alleceticn of total employment between basic and non-basic. They are (1)
patterns of consumpticn do not vary between the shudy area and the area used for :

- comparison, (2) laber productivity dees not vary ketween the study area ard the area used
for comparisons, and (3) each industry examined produces only a single hemogenecus good. |
Given these three ase—pticns, it follows that local dezand can he satisfied when the :
ratio of erployment in a specific sector within the region is equal to the ratio of
employment in that sector for the nation (the location guotient is equal to 1). Export
based erployment can then be derived as that proportion of local. employment which exceeds
the amcimt needed to satisfy local needs.

" ffhe EIFS system assi—es that all Federal employment is basic (export oriented) since furds
for this sector origirate cutside the local area. In addition, all hotel, tourist court,
ard motel employment is treated as basic by assumption. In all other instances, the
four-digit SIC code industry employment levels are used in the allccation of basic and
non-basic erployment. When ounty level employment data is not reported because of
disclosure preblems, the EIFS system utilizes an estimation routine which is detailed in
the EIFS Technical Merual.

R Before the econcmic hase maltiplier can be estimated, the specific area in which the

e econcmic impact is theught to cocur must be jdentified. The EIFS system allows the user
: to specify the regicn as a single county, or & combination of counties. 2n alterrative
approach is to specify the radius (in miles) around the pcpulation centroids of the county
in which the installaticn is located. Thus the user could specify that the econcmic i
impact region is the area represented by those counties which fall within a 50 mile radius

_ of the pcpulation center of the ccamty in which the installation is located. The system |

' then aggregates the associated erployment information for this treqion”, and following the
methodology cutlined above, estimates the employment miltipliers. Using the econcmic base
methodology as contained in the EIFS system, and assuning a 50 mile economic impact

: regien, employment miltipliers have been estimated for all U.S. Air Force installations
located in the centirental United States. A summary of the resulting distribution of
enployment maltipliers is distrikution is contained in Table 1.

SENSITIVITY OF MULTIFIIERS TO ‘THE CHOICE OF EIR'S

) B The choice of a 50 rile radius for the area in which the economic jrpact ccours is .
<A essentially based upen distance-to-work travel patterns revealed in the 19381 Anmual i
. Housirg Survey. As Teble 2 indicates, over 98 percent of those who rent hemes and over 97 ,
percent of those who cwn their homes travel less than 50 miles to work each way. If we i
assume that most corspticn occurs within the area definred by travel to work patteins, i
then a 50 radius appears to capture almost all of the censunption expenditures made in the
Jocal area. While the distance to work data sugports the used of a 50 mile radius in ;
general, a questicn a-ises as to how sensitive the enployrent miltipliers are to this :
choice of EIR's? If the miltipliers are distance sensitive, then it follows that a more

careful approach to t&a selecticn of EIR's (even installation-specific), would be

justified. If they ave rot sensitive, then the 50 mile radius is supported by the

evidence.

, 4See R. D. Webster, L. Ortiz, R. Mitchell and W. Hamiltcn, Development of the Economics
- Inpact Forecast Systes (EIFS) — The Multiplier Aspects, Technical Report N-35, (Champaigm,
I11.: Constructicn Erginesering Research Iaboratory, May 1978).
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In order to test the sensitivity of these employwent multipliers to the size of the
ecorcaic impact regicn, a null hypothesis is advanced that there is no difference in the
.;eans of the distributions of miltipliers based upon three altermative econemic inpact
regicns. The alternative EIR's tested are: (1) a 20 mile region, (2} a 30 mile region,
ard (3) and a 40 mile region,

- ‘ Using a test of the differences between the means of distriktutions, the data support the
null hypothesis that there is no difference between the means of the distributions of
erpleyment multipliers for U.S. Adr Force installations (Teble 1). It can be argued

] . ) therefore, that the choice of the 50 mile radius is an apprcpriate one, and that the
o C alternatives would not significantly (statistically) alter the estirated size of the
C «.. miltipliers.

THE REIATIONSHIP EETWEEN POFULATION AND THE SIZE OF THE MULTTFLIER

Tt was noted sbove that the most recent year for which data is availeble for estimating
the mitipliers is 1982. When attenpting to estimating an impact for a future year (1983
or beyord), there is scme questien as to the appropriateness of the 1982 based miltiplier
. for a 1968 or beyend impact. To see if a sinple forecasting equaticn could be estimated

- frcm the cross sectional data on U.S. Alr Force mitipliers, a regression equation was
estimated for each of the four distrikutions (50 mile, 40 mile, 30 mile and 20 mile) usirg
the total pcpulation of the eccncmic irpact region as an independent variable. Table 3
presents the results of these regressions. : -

¥hile the pepulaticn variable is statistically sigmificant in each of the regression
equations, ncre of the r“'s are sufficiently high encugh to provide an accurate
methodology for updating the estimate of the size of the miltiplier. The equation with
the highest percent of explained variance is the 40 Mile radius equation. This suggests
that there is a bettsr degree of association between the size of the miltipliers and

_ population using the 40 mile redius FIR than the other EIR's. It does not suggest that
the 40 mile radius is superior to the others in terms of estimating the size of the
miltipliers, however.

QUNCII:STONS

The primary chjective of this wes to examine the sensitivity of erployment miltipliers to
altevmative definiticns of the eccnemic impact region for U.S. Adr Force installatlons, A, v
: seccndary cbiective was to examine the relaticnship between the size of the mittiplier and : !
: . the tctal pepulaticn of the ecencmic impact region. The results of the research suggest !

e e that the cholce between a 20, 30, 40 or 50 mile radius is not critical in determining the

’ R mean of the distritution of miltipliers, and by implicatien, the mitipliers for any of
the irdividual instaliaticns. Tre relationship between the size of the multiplier and the

. Rt total population of the EIR's proved to be statistically significant, kut not sufficiently

o I large encugh to provide a useful teol.
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T pable 1

Estimates of Employment Multipliers, Alternative Definitions
of the Economic Impact Reglon
1983

Fcopomic Impact Region

e Description 70 Mile 30 Mile 40 Mile 50 Mile
Mean of Distributicn 2.7489 2.8965 3.0410 2.9797
Standard beviation
of Distribution .6419 .6789 .7420 7242 !
Nunber in Sample 101 103 104 98
Significantly Different ’
from Previous Distribution .o NO HO NO




Table 2

Conparison of Owner and Renter Qccupied Households
by Distance to Work, United states

1981
1 3 ===

. Distance From
Home to Work Renters owners
: . Less than 4 Miles -42.0% 31.4%
. e T T 5 to 9 Miles 22.8% 23.0%
: : . 10 to 29 Miles _ 30.1% 36.7%
. . 30 to 49 Miles 3.8% €.8%
’ Over 50 Miles '_;;43% 2.1%
100.0% 100.0%

‘- Source: U, S. bepartment of Commerce, Annual Housing
Survey, 1981.

"Table 3

Regression Analysis of Employment Multipliers and
Total Population by Size of Economic Xmpact Region {EIR)

Size of EIR Regression Equation
20 Mile Radius EM = 2.4819 + ,00000038FP0P
,{8.32)
F = 69.2; r" = .4055; DF = 99
30 Mile Radius EM = 2.5671 + .0Q0QUQ36POP
. 2(9.39)
F=87.7; r° = .4596; DF = 101
40 Mile Radius EM = 2.6583 + .0000003224P0P
5(9.99)
F = 99.8; r° = .48%98; DF = 102
50 Mile Radius EM = 2.7284 + .000000136FP0P
46.44)

F = 41.55; r~ = .2948; DF = 96

=

Source: Estinated by the Author



