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CHAPTER I
IRTRODUCTION

The nsed for estimating population below the state level during
intercensal perioda has been recognized for a mumber of years., Many
variod methods have beon puggested as possible moasures; this thesis
will exanine and test some of those current measures with respect to
the situation in Virginia and will alsgo experiment with & new teclmigue,

The measurement of current population trends is important to
tho afficient operation of many segments of the economys In order to
make intercensal studies of fertllity, morbidity, mortality, employment,
unexployment, and relief rates, intercensal estimates of population are
nsoeasarys Thoy are also basic to the esdimation of per capita incomes
and sales of wvarious items. The worth of any studies supposedly related
to population in partioular aveas of nscessity demands relliadle, up-tow
date population eat&mates.l

lP. Ko Whelpton, Roeded Population Raseareh (Lancaster, Pennsyl-
vanla: The Selence Press Printing Company, 1930), Ps 1le

i



4n Mr, Calvin F, Schmid siated in the Foreword to a study of

populstion trends in the State of Washingtons
Future long-tern plana for virtually every type of governuental
progra or activity, as woll us for business, industry, agri-
oulturs, and sven the profespions, ¢an be developed mors effeo-
tively and intelligently if ianable data on population trends
and forecasts are avallable.

it is the purpose of this t.he_si.s than to test the procsdures i’_or astl.

mating locsl populations by using date for Virginia.

In trying to estimate population below the stats level, the
twenty-three subreglons of Virginia a8 outlined by the Burean of Pomila~
tion and Bconomice Ressarch at the University of Virginia were used, The
gounties and cities of Virginia were grouped into these subregionaz by
the Bureau some yoars ago on the basis of geographical proximity and
gome degreo of similariiy in economic sotivity,

Many reasons may be suggested for using the regions instesd of
trying to work with the individual counties and ocitiss of Virginia, Among
the most important is the cumbersomensss of the task inwolved with the |
counties and cities since they nmumber ninety-eight and thirty«two,
respoctively, at the present time. The census population count in 1950
showed the extreme varistions in size among themp the lamrgest political
entity, Richmond City, with 230,310 inhabitants, was about sixty-savem

timoa largsr in population than Craig County, the smallest antity, with a

~ Itolvin ¥, Sohmid and others, Population and Enrollment Trends
rollmant Tren
and Zamcasg)g-—-state of Wnshinuton (Ssabf.le: Washington State Census
Board, 1953), ps 14 b
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population mmbering only 3,452 in 1950, | 0f the subregions whiph wore
- used in. this study, thi: lérgeat had a population of .51.6,200 in 1950 while
the omallest hed 33,473 inhabitents, the lavger baing. énly thirteen times
as great as the smallest. In particular, it has been dexonstrated that
the degree of distortion mmung from estimatin 48 more likely to be
- greater whon smaller entities sre usods 'i’herefom, in order to reduce
distortion to & minimum end to nake the task leas mmbersome, tm twenty-
“three auhmgiona have beenr ussd in preference to the mdividual oounti.ea
and aities of Vi.rgin:!.a |

The cature of the dats used in the preparation of population
estimateos makes it desirable to use the larger aréas. Reporting of births
and deaths may iwt always be made on the basisg of resio‘.once of the indi.
vidual but rather where the birth or dsath ocourred. In m@at. cases, use
- of the subrsglon reduces the srror of residénco versus plaéayéf QCoUD-
vence, Again, when covered employment is one of the factors used in
estimating population, the inherent situs problen eaused by reparting by
Insation of employment 1#3&3&:1 of residence of worker 18 virtuslly elinmi-
nated through ups of the subregions of Virgiols,

- Anothar problem connected with estimatea for individual counties
and citles arises from the amexation procedures in Which county borri-
'fsory iz vaequiréd by & elty. This croates many miixoxﬁ problema which are
mﬁlﬁwm in praparing ostinates for a’aaali aroas. Statistics available
fyom tbe reporting agencles are very often ons, two, end somstines five
yoars behind tho reclassifications of areas due to ennexations and the



incorporations of new independent aitles.

4
These difficulties are all

- edreunvented when J.argar areas, such as thes twenty~thres subrogiohs of

Virginis, are nseds . ; |
The subregions of Virginia as outlined by the Bureau of Popula-

$ion and Fecnomlc Research are as followse

Ragion 1.A

1.8
1.,C-K
1.0-8

Ll
1l

1.3

1ok
145

1.6

Arlington Area

Riohmond Avea

Horthaide
Hampion Roads

Southside
Hampton Rosds

' Bastern Shore

Southern Tidewater

York Pmmaula.

Hiddle Peninsula

Bortharn Hack

¥all Line

Arlington and Feirfax counties
Alexandria and Fells Church citlos

Chesterfieid, Dinwiddie, Henvioo,
Prince George countiesj Colonial
Holghts, Hopewell, Petersbturg,
Richmond ¢itien

Bampton, ﬁawport Bawi,; and 'ﬁami.ck
ci.tiaa

Borfolk, Princess Anne countdesy
Horfolk, Portsmouth, South Horfulk,
Yirginia Beach c¢ities

Aocmaok and Korthwpbon counties

Graensville, Isle of Wight, mmm-
wond, Bouihampton, Surry, Sussex
countiss; Suifolk elty -

Gbarles City, Jomosm Cit_f, Hew Eonb,
Tork countiess Willlsmsburg city

Eagex, Gloucsster, King and Queen,
King ?iilliam, Hothews, mmﬁham
eemn’oian

King George; Lancasgter, Horthumber.
land, Richmond, ﬁeatmralsnd
counties . ,

Caroline, Hanaver, Spotsylvenia,
S?ﬁ’ord ceunties; Fvsderickaburg
city _



Reglon 1.7

1.8

1~9
2.1

2.2

33

| 3‘.‘.2"’

4il

Le2

4e3

Ss1

542

o 543

Central Plodmont -
Horthweat Pledmont

Horthera Pledmont

‘centra‘»l Southaide
Wastaén Qauihaiﬁe 0
- Iower Shenandoah
Upper Shenandoah
uﬁmaﬁ Piedmont

. Janes-New Riverw

Highlaendsg 7
Raanukewﬁadford

Blue-- Mdge-?iodmnt.
Central Southwest

Cunbariand

Amolin, Appomattox, Buskingham,
Cumberlend, Fluvanna, Goochland,
louisa, Fowhatan counties

Albmarla, Culpeper, Greens, Hadiw
son, Nelson, Orange, Rappabamnock
counties; Charlottesville eity

Clarke, Fauquier, Loudoun, Prince
Willian coumties

Brunswick, Charlotte, Halifex,

. lamenburg, Hecklenburg, Hottoway,
Prince Idward counties -

Esnfy. Pittaylmia. uountiea; ‘

Denville, Bartinsville olities

- Froderick, Page, Shenandosh, Wavren

countiss; Winchester oltly

Augusta, Rockingham countiesy

Harrisonburg, Staunton, Haynesboroe
eitiss

Amherat, Bedford, Campboll counties;

Lynchbuyg éi‘by

mﬁg!mny, Bathy Botstourt, Craig,
Highland, [ockbridge countlesj
Buena Vistu; @ifton Forga » Coving=~
ton sitdes

Giles, ﬁuntgmry, Pulaski, foanoke
counties; Hadford, Roancke citles’

¥loyd, Franklin, Patrick ccuntles

Blavd, Carroll, Grayson, Scott,
&'Kyth, Wa.ﬂhing*’..on, Wythe Wunmﬁs
Brigtol, Galax clities

Buchanan, Dickenson, Leg Russell,
Taamll, ﬁiaa counmea; Rorton

olyy
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The mep on page 7 shows the geographical proximity of the counties
and cities in each rogion. |

Tme far in the firat chapter, the need for intercensal eatimates
of pornlation below the state lavel has been demonstrated, The possible
meaning and worth of up-io-date end reliable estimates of ares populstion
trands to tho cconomist, to tho demographsry, to ﬁhe businessman, to the
mamafacturer, and to the government official have been pointed out,

Also, use of the twenty-thres subregions of Virginie as the entities for
population ostimates has been explained as being leas cumbersome than use
of the counties and cities, as probably oubiing down on the degraes of
distortion, and as eliminabting wany problems involved with the date
which wers used us feetors in some of the ostimating methods, Lestly,
this first soction will bo concluded with a brief explenstion of what is
to follow in the next four chapters.

Chapter II desls with recent attempts to estimets population
during intarcensal perieds, with primary emphasis on the tecinigues most
widely used at the present time, The oldest of the mothods deseribed in
this section makss use of mathematical techniques, aritimetic projection
- and apportionment, in which reliance is pleced on dsvslopments of ths
recent pact decsde, Although relabtively 1ittle success has bsen oxperi-
snoed with these mathematical tecimiques during the past two decades,
thoy are still used by meny states. Another scheme, and perhaps the mogt
$ine~consuming, 48 that currently used by the Bureau of the Csnsus for
estimating the population of states. This nethod utillises statistics
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on school enrollment to provide the migration factor plus the actual
natural inorasss ﬁguréaih:ch aro the net of births over deaths, Actu-
ally, thore are ’wo varsions of t‘xis snhamo: athod I referred to by
tm Bareau of ths Cemsns us bei% ths short-out versiong and Mathod iz,

a hnger hwlmd taamique in eu“mnt uss by the Buraau. A patisfactory
dagwe of sucoosa has been axpsrieuoad with Motlond IX. |

o | Tlm Mtfast attam’zta to arrive at mlinbla intorconasl pmu}.nﬂon
eatimates concem themsalves with simple symptomatic dats, such as birhlm s
das‘t;hs, sohaol rpambor ehm, ear rogiﬂtmtions, regintamd votera, and
munty weli‘ara moipients. Two mthode utilising thssa nymptcmtic data
are th:e nmmtion end the camml mtio teuhniquam Aaothar mathnd ﬂaaig~
nz:te& es "v:!.tal ratss" in‘mlvsas computing two estimatos of pcpulat.ion by
ayplyiug the estimat&d biz'bh and death rates Lo ths numbsy 01’ births and
daaths, mspwmvaly, tmd awmging the two results, '

Ghaptar IIX pmaentu a desmripman of a new method of population
4estimati.on dwalaped by tha Buraau of Popula‘hion and Econamic Reaaamho
This taelmiqua, t«smd 8 mltigzle faotor method, alao amploys mpuomatia
'data; Fear f‘wbcya are used a8 moasures of changa iu births, in doaths,
in aehml enrollma'zt as mqamsead hy avorage d.ai.l.y attendmce in publie,
primry, elementwy, and high schools, and in employment as measured by
smployment omm& under the Uneamployment Compensation &ct of Virginis,

7 | The third chapter will also include the actusl measurenent of‘
thas@ dynamic forces in operation hin the econonlen d‘ sonll arsag of |
V;rginia and the relationship of these forces to population 'trandm‘ |
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Pach faépan-;birms, deaths, sohool enrolluent, and covered employsemt—
¥ill be oonéidarad separataly and {n combination with othnrs &5 ;&:asible
fndicators of the trend of population growth or diminution in the twenty-
three subregions of Virginie. The years 1940 and 1950 will bo used as
benchmark fyéa.ré for the obvious resseons that cenmv counts ere complete
for thosa years and they encompass the most recent past decada, FRelae
tionships of the four factera to population trends in the forty-eight
states and the District of Columbis will also be pointed out.

| ' Ghaptor IV presents the results obtained when the factors are
gombined into a single estimator of population, an index of ohange, and
sppliod to the 1940-50 date for the Virginie subregions aud the staten,
The resulis are testod for accuracy and compared with results cbtained froo
several other racent methads.

. Prosented in the concluding chapter are sstimates of population
for tho tmbmgionﬂ of Virginde for 1954 based on the mulitiple factor
ﬁéh&xique; gétinates based on several other methods ere also includsd,
The sonclusions that pay be dramm féam an appraisal of current moasurea
of éétimting intercencal ﬁopul&ticn ave discussed, while further use of
'ﬁb& njmltipls"i‘acwr technique is suggested, '

o



CHAPTER IT
© BECENT ATTRUPTS TO ESTIMATE POPULATION BELOW THE STATE LEVEL

'- In this shapter a mmber of techniques in present-day use will
be discussed and tested on the subrsgions of Virginims The extent of
mu of thé various methods was studied by the Bureaun of the Cansus jusd
laat year. Tho remilts of thoir survey of current methods of making
population estimates by agsneles in stabe goverrments throughout the
oountry were published in & pamphled dated June 6, 1955, under the title
"Onrrest Status of Population Esﬁmt«ea Prepared by State Agsneies,?

The Buresa of the Gensus found that in all but seven states thare
was at least oﬁa agensy preparing *hhé eptimotes for locel areas, WNins
atates had two or mare agenoiss making sstiustes for locelitles, The
nost popular ‘tﬁchnique used wae soms form of the migration snd natural
ixwmsaé mothod in which thoss compenénba- af population change were
estinated aopargtely; of the £ifty-ons state agencies survoyed; sixzteen
~used one or mﬁmvr foru of this %_echniqna; The veriation of this method
65 8ot up by the Bureen of tho Census for making its anmial state estimates

10



11
was follawed by eight of the sixteen state agencles using migratlon end
natural inoreass,

8ix states used natural increase slone, This wethod involved
adding postcemsal naturel inorense (the excess of births over deaths) 1o
4the census counts No allowance is made for net in- or oﬁt«migmtion in
this method, Other methods included sritimstic pmjeéﬁcn, utilized by
nine agenales, which involved ayplying ths average yoarly incrosss. in
ths most recent intercensal period to the postcensal ysar to »i‘ind yearly |
abgolute growth. -

- The consal ratic msthod was the teohnique applied by six wnove
ptate agencles, In this tschnique symptomatic data,. éush a3 sghool date,
births and deaths, are used and relatsd o the lasl census counts as
ratios. Thase rétins are then applied to postoensal symptomatde &at«a on
the preotse that the ratios remained constants St1l1l another method
utilized to soms extent wab the i;echnique develaped by Donald J, - Bogue
desigated as "vital pates.® Birth and death rates were found for the
eengus year and applied to muzbers of births and deaths in a subsequeat
year to obtein two separate ostimetes of populetion which were then
amz‘agad@l |

'Maa‘ﬂﬂﬁd nstiods murveyed by the Bureau of the Gaﬁsus aro dige
cusead in the : inezt seotions, Certein ones are testsd on the tmnﬁy«thrée
subregions of Virginia,

!

| 10 8 Bureau of the Census, Curre Po%» tion Reports, Ssries
P25, Hoe ilé; "Current Status of Pé&ﬁfo% timates Prepared by State

Agoneies,” June 6, 1955, ppe 1-2



Aritimetic Teohniques: Projecilion and Avportionment

The arithmetic projection technique used the sverage ysarvly
inorease in the wost recent iutsrcensal poriod for the area in question
- 88 boing equal to the yearly sbsolute growth in the postcensal .poriod.,l |
Thus, 4f the deceds 1930-40 were studied as the basis for projeation ints.
the 1940's, the estimates contained in Table 1 would result, (The pro-
Jection {s actuslly made for 1950 since the censué of that year may be
used for comparison. No nferaging wes needed in this instance beoause
ten timen hs average yearly growth in the 1930-40 decade would be equal
Yo the notual inorease in the cen#ﬁs sounts)

- The average percentage deviation (signs disregarded) of tho
segtinates for 1950 using the aritimetic projection method was 10,1, %hs
quadratic mean deviation, that is,; the square root of the arithmetic
zoan of thé squares of the devistions, ylelded 14,6,

The segond mathsmatical tec}miqsio tested was the apportionnent
formula which wes used by the Buresu of the Census from 1926 to 1934 for
itz ostinmatas of atate nnd oity pop\:laﬁ;;n;z The underlying sssumption
in this mothod 18 that the estimated poatcenéal inoresss or decranse in
the state populstion was divided méng the areas of the stete eccording

YIbides pu 24

2pobert Co Sclmitt, *Short-Cut Methods of Estimating County Fopu
dation,® Journal of the American Statdsticel Associstion, 47 (258),

June 1952, 232, oiting Henry 8. Shpjovk, Jr., "Hethods of Estimating Poote
% Populations,” Amevican Journal of Public Heaith, Vols 28, 1933,
P ®



TABLE 1

SUBREGIONS OF VIACINLA—-ESTTMATION OF 1950 POPULATION
BY ARITRMETIC PROJEGITON AND BY APPORTIONME

. Arithwetic projection Appertionnent :
S A Estimated | 1950 p Shares of | '1940~50 | Estimated
Region | ' gpcremse | 1950 census | devi~ | dsvi- | 193040 | estimated | 1950 .
v %) 3930-40 | population | count | stion aetion | change ‘shange - | pomudstion
147 554G, | 186,956 | 303,328 | -38.4 | -10.9 | 20.9 | 138,683 | 27,175
1B | Zoos | aEyme | Amo |30 | 30| 15 | G | w5
-~ 15,033 99,529 | 143,227 | ~3045 | -14e6 5. | 37,823 | 122,719
0.8 . 29,292 248,219 4465200 | =354 | -R5.6 11,0 | . 72,992 | 331,519
el 0 ) =372 | 46,835 51,132 | = 8a4 | <1946 | <439 | -9,493 | 41,134
.2 1 1,817 | 109,298 | 114,329 | = 4ed | =19 | 0.7 49645 - | 112,126,
L3 = L6 27,693 33,473 | =17.3 | ~10.2 06 . | 3,981 | 3%051«
l‘j’ ” = 35514 41,{)71 : %,62.{3, - Oeb wlBe5 «~38.9 . -~ 8;812 3\!;373
5. | wm 41,003 41,699 | = 1T | =~ 0u5 0.1 664 | 41,450
16 | 4,767 66,731. | 0,436 | « 5.3 4e9 18 1. 12,944 | 73,908
17 0 - 806 725459 70,043 2.6 0.9 | =893 | ~2,006 | 7,28
1.8 . €02 107,800 111,808 | -~ 3.6 - 249 O 1,327 108,525
1.9 4,135 70,413 725061 | - 2.3 6.6 [ 1.6 10,617 | 76,844
23 | - 934 | 152,008 154,125 | w14 | 2,3 | <10,3 | -2,333 | 150,629
;3,,51 __f;: ‘ 5,347 7,563 82,500 | ~ 4.8 4.8 2.0 13,270 ‘86371037 .
32 .1 9,072 105,238 112,327 | ~ 6.3 5.9 ek | 22,TE0 | 118,926
4el | B892 1 129,441 | 126,563 | 2.3 | 12,9 344 22,362 | 142,911
4e2 | 4,538 92,658 87,090 |  6u4 Ue2 | 1.7 1,260 | 99,431
&30 14,085 | 191,867 | 218,927 | -12.4 | - 2.7 5.3 35,169 | 212,951
5.1 2,622 57,066 51,553 | 10.7 18.5 1.0 6,636 | = 61,050
5,2 20,08 | 201,385 | 189,154 | 6u4 | 2204 | 76 50,431 | 231,518
543 39,808 | 252,539 225,913 | 11.8 33.5 15.1 100,197 | 312,928
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o their shares in the state ‘chxmga of the previcus 1n’oeréonaal decade,
This pethod, when spplied to the twenty~thrse subreglons of ¥irginie on
the 1930-40 bage, producsd estimates for 1950 which were slightly movre
in error than those obtained from the prolection method. These estimatos
ars s.nolizdad in Table 1, The averagse pevcantage daviation w3 114 and
the quadratic mean deviation was 14.9 |

mﬁng&n@____&&g &g Bobaods . .
 The migration and netural increase mothods wers mmulaw:i by
ths Bumn of the Census mﬂ are usad in their current yearly aetimatﬁa
i the popula.tiens of ata'bes. "ha mebniques am baae& on t.ha mauoxﬁ.ntr ‘
that the pcpu:&atian ai‘ an avea ab tha ologs of & period is equal tn its
pomﬂation at the begiming of the poricd plua natural increase (the
 excoss of births over doaths), plus or mimes the net in-migration oy cut-
aigmtion_.l :
The miérat.ion faotor i3 sstimeted in two ua.jrs by the ‘censua
Buraau, thus diffamnmﬁng Eothod I from ﬁathnd II. Both are baood on
Qh&ngas :!.n sahool enmllment figures, tha pmoedum designated Hathod X
being simpler in opsraiion than Mathod I
|  In Mothod I ths percentege change in enrollvent in the elementary
grades (one through elght) of the public sehools (and private and pamahié.l,

Y, 84 Bureau of the Census, nt Poulation fevorts, Series
P-25; Ko, 20, *Illustrative Emmr}laa o Hethods o ng the
Current Population of Small Avsas,” May 6, 1949, Pe L.
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if amilable) of sn area from the base date to the date for which the
eatimate is wanted &5 firsi detormined, Next, the percentage change in
the mmmber of ehildren pix to thirtesn yeara of ags in the United States
for those dates is subtracted. This corrsction factor is bhased on the
premiss that school enrollment for an arss may be expeoted to increase
or dacrease, even without migration, somewhalt &8 the total number of
¢hildron of school age for the United States increasas or decresses.

The resulting pamehhgs shange in school enrcllment is used s
the change in the migration pattern of the total population of an arvea,
m wvhan dppl&.ed to the base date population gives the amount of in- op
éut-»mimtion that has ocourred over the psriods Thus, the base date
pop\ilatien plus migration plus the excess of blrths over deaths during
the pariod pﬁvidaa an estimats of population for an area for th@ iﬁter—-

¢onsal yaarul

A fow other corrections are sometimes made, one of which is
nsgessary when thore is e large silitavy population pressnte In that
ovent, the mumber in the armed fovces 4s removed and esticated msperately,

dothod I involves & more complicated progedure for determining
migration, but there is evidence of more smcourate results obtainahle
fron this tecmiques The migration factor is based on the difference
batwsen the population of elementary school age as estinated from school

Ytape Tisdale Eldridge, U S. Buresy of the Census, Populatlor
Special Reports, Berles P-47, No. 4, "Suggested Procedures for Zatimat-
ing 4he Current i‘opula‘hian of Gnuntiaa," &?z'il 30, 19.!{.7’ Pe l"ﬁu
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enrollment date and the expected posulation of elementary school age,
had there bsen no migration since the base date.

In order to determine ths expected population six through thir-
tomn years of age on the estimate date, survival rates sre applied to a
single-yoer-of-ags distribution of the desired cohort in the last census
population count. Time, the proper cohort on the base date is "aged®
to the estimaﬁe date desireds The population of school age on tha dase
date is related to school enrolluent on that date and expressed as &
ratio, When this ratio is appliod 1o school enrvllment on the estimals
date, an eatimated populstion of school age including the effsot of migra-
tion is obtainzd, | |

The difforence botwsen tha esﬁmﬁs& population and ths expsabed
population which was oblained thwvough application of survival rates is
the net change due to migration in this age groups Dividing the migrae
tion figure by the base date population of the proper age group yields a
percentage change which i3 applied to total population as the rate of
nigration., This application 4s based on the sasumption that the migra-
tion rate of children 1s ihe sans as that of all mges combined.*

§he above description 4s brief and does not include mention of
any of the spscial adjustments mnde, However, it does offer & gemeral
ides of the functioning of this techniqus of population eatimation,
flalthsr Hethod I nor Method IY employing migration and natural ivorsass

) Jm_‘io, P 5“6#
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was tosted on the 1940-50 data for the subregions of Virginia, Grade
g6 distridutions sre not published for 4he localities of Virginias They
ere available only on the state level, Alsgo, differential migration
rates during the war years weve such that these methods could hardly be
expectod to ylold rosults significantly more sccurate than some of the
short-cut methods testeds For these rensons the migration and natursl
increase methods were not tested on the subreglons,

Thaze methods have been tested by the Bureau of the Census as
tachniques for population estimation of states, Their concluaion wast

2 o‘ o » that Method IX on the average may bs expected to yield
more acourate estimates than Method I, and that on the average
either may be depended upon to yield more accurate sstimates :
dhau would arithmstic projection based on figures from the last
two gensuses, or the fpporhionment mothod formerly used by the
Bursau of the GM"?’

4 tecimiquo of population estimation besed on the changes in one
or more series of statistical data believed to bs symptomatic of the
diraction of porulation change is a sbort-cut method ar compared with
the migmti’on and natural incresse metbods previously discusssds 4 cone
aﬁsmhla ampunt of current work is being done in testing warious indi-

cators for their roliabilily.
. Bymptomatic data may be either indirect, that is, in units.other
then persons, or direct, expressed in terms of mmbera of peoples

15, 8. Burosu of the Cenmus, Curpent Population Reports, Series
P‘*&S' Ho, 20, B M_o; Pe Xs



Utility ocutleis, housing units, rural rout& béxas, mgiatémd -pasgenger
autorebiles, and postel recelpts are among those indicators which would
alazsify us indirect aymplomatic datas, Direct and apressed in numbers
of parsons, whether limlted to certain elements of the pepulation or all
eloments, are such daia as births, deasths, school enrollment, oity -
divectorles, elaction veglaters, county welfare recipients, and employ-
‘mant.l -

In the individual instence of testing in a particular state ov
avea, tho first decision to be made is the cholcs of currently available
datas The bases for choosing suitable deta would inelude the following:

1) Ascuvate official records sre mainteined and are made svaile
able to the publie et reasonable intervals of tine, at
loast biennlally,

2} Data for both the most recent census and the postosnsal
peviod must be gomparable and availabls,

3) ZEaoh kind of data should somprise & large number of casas
or &t leest represent & relatively large percentegs of the
population of which it is symptomatic.

4) The ratio of symptomatic data to total population is rola-
4ively constant from area to area and year to yaaz'.a

10&1*}. M, Frison, "Symytonatis Date in Populstion Iotizatess
Probloms end Limitations,® Rosesveh Studies of *ms ftate Coliege of Fashe
iggggg’ 19(2), June 1951 (Puilman, Washingtom “State College of Weshe
ington), pe 107, v _

2Behtty ope Sites Pe 2324
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Thers also ramains the question of the degree to whioch the date teke into
account the effect of relevant faotors other than population change.®

With these principles in mind the choice of which seriss of
gymptomatic date to be used is madss The technique of applying the data
to the individual situstion 13 another problem, snd various techniques
would be itried and the vemults tented for scouracy, Three techniques
atilieing symptomatic data have besn applied to the pubregions of Vir-
ginia} they are described and the results sbown in the next sections,

The sorles of data used in ?irginin ware number of yearly -
births; number of yearly deathsj school anrcllment as expressed by aver
age daily attendance (edjusted) in the pudlic prizmry, alemﬁtary, and -
high sehools; and mplo;}mnt, that m; the avamgé‘ yeariy coversd employe
pent wnder the Unemployment Compensation Acts HReasons for thease cholces
are explained in the next choptor. Tahle 2 gives the ratios of popula~
$lon to these series of sympmmtic‘dam in Virginis, the coefficicnts
of weristion among the twenty-threo subregions, and the corrolation
goofficients betwsen 1940 and 1950 by subvegion,

N lh'isen, ope site, ps 207



TABLE 2 .

:  PATIOB OF POPULATION TC SYMPTOMATIC DATA IN VIRGIRIA ’

(« P.i.fio ated Co:fﬁéien%zgf ggvisl&tii;gxé coof-
S | {for entire a | wariation ‘ clent wean
Type of data subregions) 1940 and 1950
L v by subregion
1940 1950 1940 | 1950
Births 4648404 | 395840 | 125 | 8u4 . plua 461
Deaths | 93.8614 |112.6504 | 13.9 | 1848 plus «73
Sohool o ‘ | o , : »
‘enrollment | 5.4529 Goi56 | 12,1 | 186 | plus 94
Géwred“ e R B o
_employmont | Bu409 | 646903 | 73,0 | 4945 plus g6
Emmﬂa_m.

, 'I‘bs proration mthed gonsisted of s sim;ale a.‘llocatian of posf.-
nansal state mpulat.ica en the beaia of each type of aymptomtio ﬁata
wmdar aonaideratiom It wag simpleo and indapmdam of decenninl censud
data m depaadent upsn & relishle postcanaul eatimte of state populee
tion. The Barmm of tho Genaua' mmml state aatimai:es might prove mat
trustworthy in the wajority of cases,

The aacuracy of the provation method depends upon the dama of
squali.ty in the population~to-symptomatie data ratios for all submgians;
Table 2 gs.vaa the coaffici.ents of variation for the indicatora solscted,

Aschmitt, op. oites pe 234
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Singly, birtha would sppear to be the most relishble estiuetor for 1950
el goversd ermployrent the lesst, since the inltersubregional differences
wore lowest among births and higheot emong mmbers of covered enployoes,

Table 3 prosents & wiilization ol thw preretion methed for the |
ubregions of Virginte in 1953, Fatimates from the single indicators
pay be awmgad‘ and welghted in many diffevent ways so 88 to provide the
nopt aocurate estimatenss OSobmidt, in his snalyels using the thirty-nlne
oountien of the State of ’Easmngm, muggested welghting by the rtwipm»
cals of the ratics of synptomatic date to state populailons Algo usod
by Sokndtt, ond providing the most sccurnte results in his study, was a
waighting ssyatm uaing the roglprooals of i.tm aneffieiants of varistion,
Sobnitt worked with six serles of m&wmmo data in Bashingbon and 8o
chose ths three serles in each case whioh sugpoated the highest degrss
of,validity,l Thore wolghting rmetbods were testod on the subregions of
Virginie and are included &n Table 1/ in Chapter IV,

.9933.8.9;3; &a.ﬂ.. ..m
?ha censal ratic tac!mima involved & munber of eﬁeps, fiwt of

vhiah wao isha acwmmuon of sensal ratios of population to aymptmat.ic
data for aaeh mhragioa. Those ratios for 191,(3 and 1950 for the evens
of ?imj.nia using the four gseries of symptomstie dets chosen are shown
in Table 4o .

Mbide, ppe 236-2374



TABLSB

PBQH.&TIOH WD pl“ PGPUL&"’IOH ESW&TIO‘% VIRGRII.&, 1950

Pepulation

- | Popu~ ?opn» Popu-— -

of lation of lation scimol lation covered lation |eatinates:
Rogion | births | estimats | deaths | estimate | enroll- | ostimste | smployment | estinete | equal
v , ment wolghting

1-4 1068 | 354,435 | 5.90 195,802 |- 6.2T7 | 208,081 594 197,130 | 232,862
LB [ 11.59 | 384,635 | 14.02 | 455,279 | 9.86 | 327,222 22,37 42,389 | 479,881
108 | 458 (151,996 | 2.83 (127,005 | 3.7 | 125,446 |  4eSL | 149,672 || 138,555
1-C-8 | 13.77 | 456,982 | 12,12 | 402,224 | 10,37 | 344,147 J2.02 398,905 .| 400,564
1.1 | lud6 | 48,453 | 2,17 | 72,015 1.40 26,462 «88 234204 | 49,024
1.2 3,70 | 122,791 | 4e22 |140,048 3.90 | 129,428 2.6L 86,618 | 119,721
1.3 4 | 31,1956 | 1,00 | 33,187 |  l.OL 33,519 =54 o 21,240 29,786
lad | 1.7 | 38,820 191 | 63,337 1.51 50,112 £76 25,222 7). A4,368
1.5 1.J1 | 36,837 | .61 | 53,431 | 1.53 50,776 «61 20,244 | 404322
1.6 2,02 | 67,037 20193 80,644, 2ad, 74338 1.7 56,418 | - 69,60‘9
1.8 3.01 93,892 | 3.36 123,100 |- 3;61 119,801; 2‘49 32,6’45 107,608
1.3 2,03 | 67,369 | 2.35 T7,989 2.32 76,993 <70 23,231 | 61,356
2.1 AT | 157,305 5.33 | A7T3,545 | 5.86 | 194,475 2,96 93,233 | 157,140
2.2 480 | 159,297 | 4.18 | 133,722 518 171,908 TeR2 239,609 1 177,334
3.1 2e32 76,993 288 | 95,578 2.7} 925591 2.772 - 90,268 T6,358
3.2 3.19 | 105,866 | 3.37 | 111,840 3.34 | 110,844 4419 139;053 116,901
41 3463 | 120,468 | 4,08 | 135,402 402 | 133,431 5223 173,567 | 140,712
4ol 2044 80,976 2.83 | 93,919 3.04 100,884 2.53 83,963 89,936
Zred 6,05 | 200,780 | 6.37 | 21,400 661 | 2194365 9437 310,960 | 235,626
5.1 146 | 48,453 186 | 51,712 .99 66,042 «51 16,925 45,798
5.2 5425 | 174,233 | 5.21 | 172,903 7.13 | 236,822 4e41 146,354 | 122,528
5.9 Bal2 | 209477 | 5.88 | 195,138 9.63 | 319,533 4,90 162,604 | 236,704




TaBLE 4

8.51’105 oF mm'fmx 0 EWG B&WW!}S OF vxmm, 1949 §.80 1959 R

" Births Doaths " enrolinent m;:i.amt .
1940 | 3950 | 1940 | 1950 | 1940 | 1950 | 1940 | 1950
Tl | 4646036 | 33:8309 16a47 | 178a1L | 7402 | 9405 | 1237 | 10.39
1B 0| 60,3788 | 421644 | €8.62 1 9735 | 640 | Te% 4e2B | 3aTT
0K | 501758 | 26,3390 | 92457 12731 | 6.9 | 711 5,60 | 6edl
108 | 512828 | 38,1563 | - 33.60 | 1255 | 6.50 | B.06 683 | 7a49
1.l 60,3421 | 43,2589 65,67 | 'Wa40 | 6.01 | 6486 22,42 | 119
2.2 4245403 | 37,0707 7732 | 9183 | 5449 | Se48 | 10.58 | .82
1.3 4926628 | 414270 89460 | 109439 | 5460 | 6.20 | 1909 | 10456
lah © | S5STEL | 4Te5TI6 | TECT | B0aGD | 4499 | 5a56 | 22,00 | 176
105 5054025 | 4446935 T191 | 9104 | 4aB3 | 5a10 | 32,31 | 13.90
b 4342962 | 43,0801 | Bla42 | 102,83 | 494 | 5.89 11,13 | B.37
1.7 L1304 42-61}-0 85,63 |  87.584 5004 | 5408 ’ 3?922 193&1;
1.6 4708136 | 4244933 [ 69a86 | 9747 | 5akk | 580 183 | 9405
L9 5049047 | 4244006 B6.12 | 100s53 | 5e34 | 5e82 | 43431 | 20.89
2.1 42,3635 | 38.6472 e | 99437 | 4eB5 | 4.93 21,51 | 10451
2e2 40,8631 | 37,0535 | 103,16 | 121.85 |  5.16 | 5440 5403 | 4418
31 52,8092 | 42,7240 B6uth | 932k | 5u49 | 5455 9.1 | 6.12
Je2 4929045 | 4243556 96455 | 1il.21 5+66 | 6428 7499 | 5edd
4l 50,2916 | 42.6569 99.30 | 106,00 | - 5.45 | 5.88 6.68 | 4,93
4e2 - 4920540 | 4441409 00463 | 106u47 | 507 | 5236 | 10.63 | 6a%
43 &?aﬁl&'ﬁﬁ 42#50?4 mlia5g 115,99 ] 5&26 6¢20 6:45 4*72
Sel 41979 | 41,9013 | 100,77 | 13601 | 445 | 4.86 | 49.14 | 20.29
5e2 42.3208 | 43.0287 | 311.03 | 127,03 | 5.0 | 496 | LW19 | 8.65-
5e3 32,5975 | 337435 | LiTe47| 12072 | 4e38 | 4ad0 1045 | o3l
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The second step involved . the application of the censul ratios
to posteensal :s;mptoma'uo data”w obtain tentutive pest;amsal population
entimatos,t .T@'aéméuon'nmlé:iging $his step was that the retios of
population to symptomstic dats wers relatively stable over time. The
eatimatos were then adjusted to make them totel an indapendent state-wide
estimate, 4 illustrated in Table 5, the 1940 censal ratios of populae
tién to school enrollmont ware »:;,ppliaei to the 1950 gchool enrollmenﬁ
figuros for a pmlixziné.ry eétiméim for l%ﬁ. The sctuel state censug
count for 1950 was then ussd 25 the control, and the tentative rsgiom
eatinates ware edjuated to it Tha dagt column shows the parcanmga
di.fferances batween the estimates and the agtual 19 50 Census connt.;

The avarage pemnﬁaga d@viatian was 6,35 N while the standavd
ervor af gstimate reac.m 8425, - &as_ulm ‘ohtained when estmtexs ‘basod
on the other series wors used and wolghtod by various techuiques are i
showm in Table 14 in Chaptor IV, |

IViiml, Batest Hathod |
The wm ratos™ method dwelapod by Donald J Bogua wis ‘a i
mdiﬁed varsion ci’ & pmﬁam mggaﬂted by Pe K, ®helpton in the lats
thirties, BHinse "tl}s number of births and deaths which ‘rcojaur euch ymr
axong # pépalatian 18 roughly proparﬁ.cnul %o the aize of the 'pbp’ulaisioxgg
' i%’m félt that through the use of a few statistical refinoments th.{n

nid,, pe 235,



"TASLE 5

ESWIOB OF P(PHMTION BY OE%»,&I: ’!A"‘IO mson H..»II%‘G SGKGOL wmmm DATA

B'.egibnh of populetion school popul&tien - dn adjusted to
. | . to sehool enrolle eatimate | state state’ estinates and -
=~ | onrollment mant for 1950 total cengus count census courshs
1-A - V-Ozﬂ 23,524 ' 235:338 . 7.96 26&:167 L w3249
1B |0 6.40 52,642 - 336,909 - 11.40 372,330 X
3-C-E | 6,09 20,152 | 122,726 | 446 138,057 - b .
I 6450 555370 | - 353,905 | 12.18 404,215 SN
lnl ) 6001 ) 7’-458‘ 4!”8&2 1652 50’446 bl 1&4
1.2 5249 20,862 1344532 3,87 128,433 #12.3
1.3 5.60 53399 30,234 3403 34,162 # 2ed
1o © 459 - 8,032 | 40,080 | L35 44,802 £ Oh .
1.5 | 458 8,180 | 37,464 1.27 42,047 AL
1.0 494 11,960 ' 593032 220 66;37’& "‘"533 B
1.7 5.04 13,905 13,081 237 78,653 ;zlluj
1.8 S5shdy 19,274 104,851 3255 117,813 £ 56
1.9 5434 12,388 66,152 2424 749333 A 3.1
2.1 485 31,285 151,732 5.13 170,248 #10.5
2.2 5.16 27,657 142,916 FAN:1A 160,624 £ 73
34l 5449 14,858 81,570 2,76 91,596 - A11.0
3.2 5,66 17,6831 101,206 3243 113,831 13
4 5045 21,425 116,766 3495 131,083 £ 3.6
42 5407 16,248 82,377 2.7 92,591 # 6.3
4‘3 5;26 35,290 135;% 6.28 ,3_{}5.5,1,13 . - 4*'-—
5al 415 10,612 Ay 040 1.49 49,448 —- 4l
52 5401 38,097 190,866 6edb 214,387 #13.3

g2
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prinoiple could be converted into a tecimique for making postosnsal popu-
lation estimstes, The method iteelf fnvolved relating the crads birth
and death rates of a sub-aves for which a postoensal population eatinate
was desired to thek:xmm or sccumbsiy‘ eatimated ‘rnt‘ea 1’61* ‘d;a iaégér'
area~-as in the ease of Virginia, rolating the ’A subregions to the state,

" Estimates based on the birth rate and the death rate are obtained

1

and averegeds Becauge of ths invarse relation between anmual ehange;sin
the two, & combination of the two serdes should tend to meke the estimates
of a gub-area sgree more chzsaly with the trend of the larger arves than
either sez*les alona.z‘ Adnittedly, re are d:lffersncea batneen birth
and death rate trends among aress, but ths differences dn mt beaome |
large during an intercensal pariudqs ‘

Table 6 caﬁtaina an application of the "vital ratea” method %o
the tmt.ya-threg gubregions of Virginia, uaing_ 1940 es tl;a imm yoar for
eatinmates of 195% One ataep which Bogue outlined has not been included;
that is, investigating how tﬁs erude birth and death mt‘esv of the various
gubregions hawvo bebaved in the recent past in relation to the trend of

1Dona1d da Beguﬁ, "A Techniqua for Making Extenaive Populeiion

Eatinstes," Journal of the Amorican Stetistical Asscoietion, 45 (250) »
June 19;0, pe 1504

, 25, K. ’ﬂhalp'aon, Hoeded W search (Lazwaatar, Pennsyle
vania: Ths Sclence Press Print: Printing Company, 1938}, pe 15 oclting Harold
Hotelling and Floy Hotelling, "Camsesz of Birth Hnte Fluetuations,® Journal

gg }}g Amsrican mtia;gcg ssoggatmg, 26 (174), June 1931, ppe 135~

Bm}.p‘t‘acn, [<3s1) '2_4.1., Pe 15,
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vital patos in ths state, If e definits change of ratic over time haa
been discsmed for any eubreglon, & corroction fastor should ba devised
and applied to the ratio of the base year in order to obtain a “eorrected"
ratlo for the year of tha Qﬂtﬁm&t@al The average percentege deviation
was 3,79, while the standard error of estimate was 4453, |

TBogue, ope ltes ppe 150-156,



TABLE &

. FLLUSTAATION OF "VITAL RATES® RETEOD OF FOPULATION ESTHMATION
Step s wmputatd.an of Crude Birth and Doath Rates for Wirginie and the &ubragiam, l%ﬂ

‘Ratio of sub-

o Humber of 1940 Crude | Ratio of sub- Ruaber of Crude :
Rogion | Dirths, 193940 census birth| pegional rats| deaths, 1939-40| death | regional rate
co  average population| rats to stats averags rato o state .
1-d 2,535 131,492 | 19.6 947 1,106 8ol 80,0
1-8 . 52375 335,887 | 16.0 Tle3 3,754 1l.2 10667
1-G-30 1407 845496 | 174 841 848 1049 9542
1-C-8 | . 43584 258,927 | 17.7 - 85.5 2,368 1l 105.7 -
1.1 | 843 50,627 | 16.6 B0s2 732 Uy | 1301
1.2 2,478 3.37,481 23.1 113.6 1’381 12.8 i 121.9
1.3 515 26,073 | 19.8 95.6 292 11.2 10647
1.4 95 454185 | 17.6 85.0 528 13.6 12348
1.5 T4 40,826 | 19.2 Q2.8 518 12.7 1210
1.6 1,246 61,564 | 20.1 971 736 11.9 1133
107 1,55'&1 73 3296 2100 '31#4 31;‘5‘ 13.06 : 1}}3&5
- 1.8 29223 107,168 | 20.7 1000 1,200 11.2 10647
C 1.8 1,317 66,227 | 19.9 Q6.1 73 1.8 Hm'!»
2.1 3,631 152,962 | 23.7 114.5 1,632 10,7 | 1019
242 3,143 131,007 | 24.0 115.9 1,274 9,7 E Y24
C 3 1422 73:216 | 194 93.7 862 11.8 112.,
3.2 1,342 096,168 | 19.2 92,8 989 .3 S g9d.k
4.2 1,731 82,150 | 0.2 976 884 1040 - G52
531 1’315 543% 24.2 lléa? 1;83 9.0 : 8’5&7
5.2 4,172 183,087 | 2340 .1 1,608 8.9 BhG
53 0,498 212,731 | 30.5 14743 1,726 8.1 - Ted
State 55,352 230775773 | 2047 100.0 25,034 105 100.0
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L TABLE 6 (oontimad) : .
o S‘beg 2: xmmmn of Crude Birth and rmw Ratas axd Bstinated Population, 1950 wmajusted)

Remion | ~CFude of Estinated crude .of Estinated | estimuted ;3 Shares
gion birth births | . popula~ dsath deathe populaw~ POPULB~ of

» rate, 1950 | 1950 | - tion rats, 1950 | 1950 . tion tien ectinate
1-4 2344 8,761 | 34,402 STl 1,734 | 247,042 310,722 | 910
1-38 19.1 99503 | 497,539 . 945 43159 | 437,769 4675667 | 13.70
1~:§-—E o 08 3,755 | 180,529 . B 1,138 133,882 157,206 SR
1-C-8 | Q1 11,3289 | 535,024 ek 3;597 382,680 453,842 13‘«‘-45
1.3 | 15.8 15192 | . 60,202 12,2 &45 52,860 56,536 | 1.65
1.2 - R 3,034 109,928 . 10.8 1,250 115,741 112,834 3.3
1.3 R3.6 TI5 | 32,839 . 95 299 31,474 32,156 2%,
1.4 21,0 960 /«5;714 L 11,0 . 865 51,364 48,539 LAZ .
‘17 - 25.0 1,593 63,72(} . 948 845 86,224 7&,972 ,2;1.‘3
1.8 25,47 2,471 | 100,040 . 945 1,046 | 120,632 110,336 | 324
- 1.9 237 1,658 69,958 200 7 £97 63,700 6‘9333‘9 204
2,1 28,3 . 3,893 | 137,562 9.l 1,595 | 1754275 156,418 4e59
2l CRBe6 3:932 | 137,482 - B2 1320 | 151,220 144;351 4e23
'3‘.2 22,9 25019 | 114,207 o BJ7 1,000 114,942 114,054 3.36
4l 23.7 2,978 | 125,654 8.6 1,209 140,58 | 133,118 3.9
4.2 2hal 1,999 82,946 8.5 241 98,941 90,944 2466
43 | 22.8 4,958 | 217,456 8.0 1,891 | 236,375 226,916 6a65
- 7% B 8.9 1,199 41,488 76 463 60,921 51,204 1.56
Ba2 - R4 49303 157,044 7.5 1,545 | 206,000 181,522 5e32 -
5.3 35.4 6,6;3 182,75 6.9 1,745 252,898 217,836 |  6.39

62



TABLE 6 (éont&.mmﬁ)

Btep 24 Adjnament of Estimated Fopulation to Census Total
A¥ital Rates® Mathod

Bgtirated Par oconb

Reglion population devistion from
(adjusted) ' census
1~A 302,000 0.
i-B 454,659 #3848
1-C-8 152,991, 4648
2e0-8 - 446,362 - 0.0
' 1.1 : : 51»753 ' i‘7nl ‘
1.2 109,848 ~349
1.3 31,196 - ~$,8 '
1l oL AT £ -
1.8 T o . &D,SEU ’ : S wdald
B Y1) 68,365 =340
S 7Y A 72,679 £249
~ 1.8 107,525 =328
9. | 67,701 L =6
- Red S S 152,327 - ' T wle2
- 242 , 140,380 wby2
) 3‘1 81]6&1)0 ) ﬂlgO
Al 19408 a3
a2 884277 Aled
4e3 220,602 : #048
51 C e A0 w3eh
Se2 1764554 ~647

543 : 212,064 ~6al




" GHAPTER IIX
A WILTIFLE-FACTOR THCHNIQUE

A mathod of population eatimation developed by the Bureau of
Papulation and Bcorwmic Beseavrch et the Undvepsily of Wirginise irvolses
e welghting snd combinetion of four sories of symptomatic dats, sach
expreassd »s an index of ehangs over *bhe buse periods The racsgons for
the chotos of data and the tochnique of combination ware bused on eur-
vent aveilability of the statistical seriss and ease with which they
ave transposed into indicators of tho trend of populetion ghangos Tho
purpose was to obtain s short-out method of eetimation with consider-
able reliadility,

Bith respect to tho gympiomntic date chonen and its evailability,
the mmbor of births and the mmbor of deaths by locelity mey be obtained
within eix or eight ponths of thelr oosurvencss School enrollmant
figuves (i this cass, the average deily attendance, sdjusted for tuiticn
pupils, of ths publiec primary, elemantary, and high schools) aro aveile
ables leass than ons year aftor the completion of ths school year, Coversd
- ssployment mmbars by looslity are published quarterly by the Unemploykent
’ 31
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Compansation Commisaion anywhore from two to threo quarters aftar dsome
plotion of the parded in questions A4lso, these serdes of dats are avail-
able for tho most mecent census your and are compsrabls to the data fer
tho posteosnsal poriod,

Tha rationale for using dada on births and deaths is faivly
obvicus since these are direct measured obanges in the populations IXf
births sre increasing or if tho vumber of deaths is rising in an aves,
the msgusption would be that the populstion 45 incressing beceuse the
pusboy of wwon in tbe shild-boaring age group would be increasing or
the runbor of persons expoved to death had visen, However, whsn an
index of change in births 45 applied to tolal populstion, an overesid-
mate would result in times when the Birth rate itself is rising (as in
most avsas during tha 194041950 decads); and thevs would be & tendency
$% underestination whers theve iz a deolining brih vstes The same in
true of the death rate, only ths reverse ocourred during the 1940-1950
deande when the death rate deciined in all Mt a fow states end sub..
roglons and the population estimates bassd on the obange in the nuzber
of doaths weve low. Becuuas of thege opposite changes in divection of
$19 ¢rode birth and death ratas in most sreas during the 1940-1950
decade, a oonbination and averaging of the two tended to cancel some of .
the ervor which resulicd from use of ono measure alons,

. The use of bMrthe and deaths, howsver, does not give effest cuve
yantly to happenings which may m;tm in- or out-migration of simesbls
proporiions,s Births and deathe ave not sensitive indicators &n that
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they do not generally immedintely reflesct migration, and, in fact, may
not show migration et sll but simply s change in the birth or desth rate
dtaelf,

, The othay two peasures selected, school enrollment end ocovered
employmsnt, are considered to bo more sensitive indicators of migration
trends, School anrollment may not veflect migration quite as quickly
as employment since there is a detervent for the fanily with children,
of sehool age to pull up s8takes and move t0 & new arsa befors the school
Jear is vompleted. The bead of the household may move on %o accspt a
good job offar (and the move would be reflected in employment statisiioea),
thon sond for the family st the end of the sshool term or years XEven
more important, migration is an easier task for unmarried males and
fenalen; Af the ewployment messurs Lis not considared in estimating aigra-
tion, the fmpact of their moves into or out of sn area would not be
dezonstrated for several years, until they married and bors childwen,
gent their childrem to school, or died, |
| Soms measure of Achool enrollment has long been considered &

good indicator of the direstion of migration, Indeed, the migration
and natural Incroase method of the Buremu of the Census discussed in the
last ehapler is based on the sssumption that the migvation rate of the
total population is the same as that of children in the sehool a.ga,gwup,.
Thn measurs of sehool envollment used by the Census and the measurs of
preference sccording to msny demagraphers 1s the mmber of seoheol
#hdldren aged 6 through 13 years, Sinte the reqniﬁmenw of law pertain
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to this group almost withoud exception, it is presumed that this group
will be least affscted by sny influence othevy than simply an increase
in populstion of that age,

- However, fn the multiple-factor tscimique berein desoribed,
sohool enrolluent 48 composed of average daily attendance (adjuated for
$uttdion pupils) in the public primsary, elementary, snd high sshocls,
Thiz 18 used as the messure for ssveral ressons, In the first place,
datsa on ago-grade dlatritutiona are not published for ths locsalities of
Virginia, being available only on the statas lavel so that the praferrad
maasure cannot be obtained, Ssoondly, although eversge dally attendancs
figures for the primary, elementary, and high sehools may be gotten
separately so that the first two might be summed to provide the age
group most ¢losely approximating the eensus group, ths figures zve not
adjusted for tuition pupils from outside the areas And because of the
inclusion of the sighth grade at varying times throughout the state,
sdjustaents end refinements in many areas would bes necessery to nske the
dava comparables Another reason for nﬂing the total sttendsnae sdjusted
was that this figare 48 published and no further somputation is nocassary,
Finally, and most important,; thers has not basn sufficlont evidenos
that all the rofinements and adjustments simed &t securing a ¥oloan®
figare havo produced remilts which are significantly better than the
oruder shorter smethods provide, - .

%t has alveady daesn poinisd out that the utiliszation of an
employmsnt neasure may pick up uigration wove guickly than any other



35
measure, Also, the mizration of young unmarvied population partisularly,
most often ocours for the parpose of procurlng betlter enployment, A
fagtor which demonstrates the chenges in employment will receive the
foree of this migration, wheress none oi’ the other three faotors already
disousaed will. . |

. Howsver, it 1s not intended that employment alone ba wused as the
guide to estimsting population trends in en area. Granted thet itds.
& aanaitive.in&ioatorymploamnt would be seneifive to other foroas
busides migration, especially econonds conditians, For thia Teasen. an
caploynent indicator slone would tend teo ovamatimte‘haavily in good
tiuwsz and underestimate as business and smploymmt turned downmard, glncs
velfars paywents and other factors tend to deter immediate out-migration
following loss of jobs, Soma demographsrs h&w objected to its use as
datae symptomatic of pppulatlon chasge bessuse of this facts But it
does not Geem clear why this should make lizited use of the weasure.
lausm.mm, . &n sttempt to divorce econdmic conditions £rom migration
is.not completoly Justifisble for an sxpanding employmeﬁt picture snd.
highar relative por coplia Income in an area many times afford the
atirvaction to bring new residents theres, Lorin Thompson found in &
study of the velationsbips beiwsen population, amigration, ard income
lavel that ®policy decisiona sither Uy industry or government infiluence
the aigmtion of substantiel mubars of people. to particulsr araas,.*l

Yorin A, Thoupscn, "Patterns of Population Changs, Higrution
aud Income Level," Unpublished paper read before the Anmial Meeting ni’ :
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These policy decisions comverning the oponing or closing of plants,
offices; e¢to., have & direst boaring on the economie ocutlook of the
coummitys Oue of the conclusicns of the study was thst oloser analyses
of shanging patterns of employmenid and incoms of greas should be made
in preparing short- and long-vangs fovecasts of population,®

The changos in employment from 1940 to 1950 by states, using
the total employed in the oivilian lobor foros 14 years of age and over
aocording to ths m, were exprossed ag indexes snd correlated with
tho indexes of chango in the populations, Ths correlation coafficlent
using the product moment mothod vas # «852, which suggests a notice-
abhle dsgres of relationship, In the najority of cases tha change in
ecploysent was greater than that in population, vofleeting the move
sdvantageous genaral soonomle ploture of 1950 as comparsd with 1940,
However, the divergencies were naitber too great mov tos numevous to
‘sonclude that the biggost faotor in the velationsbdp was chanco, Table 7
| a:bma & distribution of ervors 3.::; tho dndoxen of omployment compared
 glth the indexes of population in the forty-sight states and the District
| ei‘ Coluatda, The aﬁméa devintion, aig&a dlsregarded, was ,093 per cents
- Yor the subreglons of Virginia tha average deviation betwesn the
indox of $otal wage and salavy employment and the index of population

the Papulauoxi &wcistién‘ of dmarics, ?mam,.m‘ Jorsey, April 3.9-2@;

1952,
Trvide
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wes mch higher, 2303, Howsver, & correlstion coeffiolent betweon the
Indewns .of £..9078 sugpests a relstionship worth noting.

TARLE 7

FREQURSCY DISTRIBUTION OF PERCENTAGE DIFFERENCES BETWEEM
. CHANGES IN EMFLOVMINT AND POPULATION
- BY STATES, 1940-1950

Clees Interval ; Froquency
-o0300 to ~,0001 3
#0001 o 40239 . ' é
«0300 to O399 &
#0500 to 1199 _ ' 7
1200 to 1499 AR 3
21500 0 A9 10
CedBOO to. «209% - . o A
CoRTI0 to aR999 1

%Mgmmmmmﬂmmtmmmmmmmm
mltipl&-tamr teohniqueg an ea:aplanatien renains 4o bs gim COnearR-
.uzg the mrtiaular meagure used, Complete employment figurve uke the
mm counte juat uged :m the oamlatﬁ.ana are, of courss, caly zcm:!.l—
abla evsry ten yearss Covered employment as mporm by the ﬁneenplayw
went Gompensaﬁon GComaisgion remsins the most compla'be current lzmal
onploynent pessure availabla in Virginias For this resson it was used
in the ootimates for the subregionss and although covered employment
atatistics arn not the pout éomphm on the state level, they were used
::Ln tho $ost run on the stetes for purposes of Mtya,

L To demonstrate the sxtent of voverage of workers in the subreglons
of Virginia Table 8 is inoluded, It may suggest hesvier welghting of thia
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Zaotor in those. areas where 1t represents such o large peroentsge of
total exployment and correspondingly deoreased weight whers covared
enploynant 49 not & significent shave,
TARLE &

MQBSIIIP oF QOYERED 0 TOTAL WAGE AND SALARY mmmm
- BY SUBREBGIORS OF ‘?I&GIHIA, 1950

Begion . rer vent Boglon Por cont
e : 233 A9 » 148
i-B ] 6Beb - Zel - 507
e | s 22 Tu5
d-0-8 o 1.9 7% 3 179 X
dal - 94T 342 6243
1.2 4642 . bal €59
1.3 . 3346 - 4o 3146

7Y 3 ‘ - 3042 , ' 43 65,0

o . - 2844 el : 278
1.6 | AT 542 5440
1,7 : Zhs6 503 5347

. 148 3940 8tate 4Tel

| The four series of Eyuptomstic data Just discussed ore used as
1%y . That 4s, they ace not changed into raties of 'WWMO& to the
ﬂeﬁs&, bat the percentage shange in the mmber of births, for ezauple,
is used ad Yhe Index, This culs out a series of somputations necesswry
in saother short-out method desoribed in Chapter II; the mzim ratio
tociniques

The astual sst~up of the zuliiple-fastor m&iqm may be ssen

move olearly in the pages that follow, which show exawplen of the pake~up
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of each fastor in the subrsgions of Virginia and in the forty-eight
states and the Dlstriect of Columbtda.

Blrthe
| ?or the subregions the numbsrs of births as raported by the
Virginia Stata D@parimwnb of Bealth, Bareen of Vital Maﬁams, for
1939, 1940, and 1941 wers averaged aud uzed a8 the bess, 1940, for pupw
posos of estimating the 1950 populstion. For the states the mumbder of
biﬂha &nl%ﬁ) mgusedwtha basay The source forthebirthdﬁtmm
the ,a@:,;,gm Abstract of ths Unlted States, 1953, Some of tha indoros
of 6hango ro,prsamting the musber of birthe in 1950 évar the 1940 m
m shown in 'l‘ah.a 9s almg uith ﬁw change in cansus po;mlation counts,
?ho Mexas wors aomlabed using ttxa pmdwmmnt vorrelation methods
The eorralation mafﬁamnt for the im'hregions of ‘Vu-ginﬁ.a
beman the indsxss of p»pnlatinn change and the indexes of ahanga J.n
the wusber of births was £ .973, whils ths corvelation coefficisnt for
the States and the District of Columbia was £ 4868, As an individual
indfcator of population trand the change in the mmmber of hirtus wm:.id,
af gouvse, Mﬁlyawmtm% for nearly all aveas,. The aﬁugs devie
ation of the ma,cf births and population for the states was 35453
and for tus rogions of Virginia, 42084; the quadretic mean deviation
for the states wsa ,3751, while for the ragions Lt ross to (2728



| THLE 9

CHANGES I HOMBER OF RBIRIHS IN SELECIED CTATES AND RGBF.EEIbﬁS
OF VIBGINIA AHD IN POPULATION, 1940 AND 1950

. X i f N ! . . ”

State or | - ﬁu_mbar of births Index of ehange ing
subreglon BEZREER Births | Population
Alabams 62,938 | 82,616 | 1.3127 1,0008
Arizona 11,503 | 20,823 1,.8102 145014
Arkangan 38,473 | 45,592 L.1850 - $9795
California | 112,287 | 244,870 241808 | 145326
. Colorado , 21,034 | 33,885 1,6110 11796
Qonnasctleut - | - 25,548 | 4,620 145900 Ye1744
-4 - ’ : 2,948 | 8,761 2,978 _2,3068
1.8 . : o o 5,563 9}5@3 : lwm% . Y42 -
1-G-H - 196&’& 3)755 242298 1.6951
-8 S 5,049 | 11,289 24,2359 147233
T 839 | 1,392 144207 11,0100
2 | : 23503 3,034 - - 153121 1,0637 .

:?he data on mmbam cf destha corrsapondad to the birth da.ta;
: vtha% is, for the aubmgianﬂ, numbars :ln 1939, 1940, and 194.1. mra
averaged for use as the 1940 base. In ths aaso of tha gtates t}m m&ml
mmbsrs of desths in 1940 were used, Since .@m death rate lteell was
datsuning in most areas durlng the 1940-1950 decede, 1% is fairly obvieus
that the 'S.ndemén of ohange in mmbers of ﬁaa.ths'mid be noticeably lowor
then the indexes of population shange, Tids is demonstreted in Tebls 10,
which includes the exper:!anse of sslected staten tnd subragions,

The corvelation soalficient betwesn the indexes of change in
deaths and 4n populstion smong the States was £ \774, widle asong the .
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subreglons of Virginis the coofficlunt obtained Lrom the produci-moment
mothod was £ «949+ The average deviaiion of the indexss in the ctates
was 41354, snd the pquare root of the aﬁmga of the oun of the squared
devintions was +1617¢ For the mubregiona the aversge deviation poaghad
«1730, whils thé quadratic mean dovietion ingrensed to #2422

LAVLE 10

| CHABGES IN BUMBRRS OF DRATHS IN SELEOTED STATES AHD SUBREGIONS
OF VIRQINIA AWD Xi§ FOPULATION, 1940 AND 1950

State or Humbar of doaths ‘ Indax of vhangze int
‘subregion 240 | 19%0 Dsathe | Populaticn
Alabena 294554 | 26,836 086 | 1,0808
Arigona 53556 6;423 16355‘3 1o5014
Avkansag 17,247 | 15,412 L8935 V9795
Californin 79,742 | 93,760 | 142385 145326
Coloredo 12,291 | 12,280 ' «9991 11796
Gonnectiout 18,070 | 19,133 1,0583 161744
1A | 1,029 | 3,754 168536 | 2,3008
1-B A 34790 43259 A 31,0974 l2442
30 | o1 | 1,338 | 142451 1,4951
TGl 3,095 3,597 1.1622 167233
1.1 | 739 645 5848 1,6100
1.2 1,390 %5250 «£993 140637

| |

; The statintics on schoel enrollment for th»e’ statos war& takan
from the Statistioal Abstract, of the United States, 1953 and 1943 Tue
date inolsde publio elementary and sscondary sobool enrolluent and also
data for ’kinﬂargamsﬂ The sehool onrollment date for the subregions
of Virginla include the average daily attandaucé sdjusted for the public
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prinary, elementary, and secondary schools from the Ammual Reporta of
the Superintendent of Fublie Instruction of the Commonwealth,

The wrmht&on'coefficient-betwen the indexes of change in
‘8chool enrollment from 1940 to 1950 and in population for ths states
was £ ,928, while for the subregions it was £ ,958, Ths average deviation
of the indexes for the states was 1469, whereas the quadratic mean devi-
stion increassed to (1560, ¥or du‘mrogions .tb.e average deviation was
#1234, ih:ua the quadratic mean deviation rosa to 1712, Bclbw are
several examples of the make-up of the school anrellment 1nddx and :
11lustrations of its lag behind the population indexs -

T&BLEH.

GHAKGE& IN BCHOOL INPQLLMM IH SELECTED STATES AND BUBRBGIQNB
: OF VIRGINIA AND IN POPULATION, 1940 AND 1950 '

et :

State or School enrollment Index of change int
subregion 1940 | 1950 | School enrollment| Population
Alabama 686,767 680;066 +9902 1.0808
Arisona 110,205 139,244 1.2635- ‘ 145014
Arkensas 465,339 ] 407,084 #8748 9795
Oalifornia | 1,189,106 |1,757,424 | . 1470 © 145326 .
Oolorado 221,409 | 229,196 1.0352 1.1796
Connesticut _ 2813032 &'733015 Q715 l.l’?“

i P § ' 18,723 33,524, 1.7900 2,3068
1-B o - 52,484 52,642 - 40030 1.2442
1-C-8 13,875 R0,152 144524 _ 1.6951
10-8 39,825 | 55,370 | 1.3903 1.7233
141 R "8,428 7,458 8849 1,0100
142 19,572 | | 20,862 1.0659 .| 1.0637




Qovered Baploymeay
| Tha source of sovared mploymt data for the states was tm
| “Kwdbook of Unszploymant Insurance !‘inmom Datay 19381945, mb-
: uma Yy thehapartment of Ls.ber,?ﬁurem of &p&omnt'&mﬂty,'
Ducenber 1949, and the 1950 supplement published in Angust 1951 The
m}y mplamnt: figures are aﬁms (33 mnthly pumbers, The dats for
$he subregions of Vivginia are also everages of monthly coversd employ-
ment mumbsrsy veported by the Unsmployment Compensation Commleaion,
D;visiam of ﬁssegrch, stamti_ea, and Infamtian,l in guarterly raports.
Yor the bass year 1940 ths enployment stetistics wore not maﬂily avalle
abls, o the data for 1939@6;*6}1&«1_1@@& in the gage of the @b—'
- TARLE 12

CHARGES IN COVERED PMPLOYMEN® IN SELECTED STATES ABD WB&WIQNS
QF VIRGINIA AND IN wm&*mu, 1940 AHD 1950

34“%, or . ﬂcwmﬁ mplomnt , Indax af c:hanga ing

sabreglon | 3940 1050 | Covered employment| Porulation
Alsbaza 238,800 | 409,910 144130 2.,0808
arfrons L %0,308 | 106,235 | "la7615 X45034
Arkansas , 146,17 | 223,162 , 145256 5795
Californis 1,380,628 | 2,525:443 1W8291 0 T 1.5326
Colorado | 133,454 1 205,323 145384 | 16
Connogtient 494,850 616,345 B 7977 S C L1744
1-A | 20,832 | 29,486 | . 27733 | 2.3068
1-8 TBp50R | 110,823 B RV ASY LyR442
I-0-H | 15,083 | 22,30L | .. 14825 0 | l.6951
13 37911 59,381 15716 147233
: 0 L 29258 | 4y337 0 La9207 - 10100
le2 10,160 42,954 . L2750 31,0637
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- . The average daviation of the indexss for the states was (3327,
while for the subreglons L1 was 4E177, Ths standard errors were 3782
and ».7219,, reapeotiwlyr The correlation coeffieient obtalned using
the productemoment wethod was £ 4403 for the states and £ 4308 for the
gubregions. Among tbe indexss of change in covered employment {n the
states all were found to bo sabstaatially higher than the abanges in

e popul ati.:m (th@m‘ weres anly i’ive‘ %hafc ware loss than 10 percontage

‘points higher), prinarily veflacting the growth of employment sligible
un:iar mamplnymant ce:spamation pma during the 1940-1950 ﬁmede, and |
m m:::-easa S.a the pawmtage ex‘ ammd {0 total empl’ioymat 1toall,
E’fham Was an average mmm of 6,87 per. mm% in ﬁw ratio of voversd
to mm wags and salary mplmmm anong tlw statas from 1940 to 1950,
the &verage proportion coversd incveasing from 44487 to 51474 per osnt,
Anong the "mbmgionn‘oi‘ Virginia the sverage ‘propurtion of workers
eovered undsr Unemploywent Compensation rose fm’ 3723 per cont in 1940
to 4.1..,6 per cont 4n 1950, or an sverage of 743 por eont.

" It mey bs fult that tha coversd eaployment factor aistere too

4 freily from the chan'ga in population in most c@na %o be of any

practicel significance, Perticulerly among the subreglons of Virginia
ﬁnring the 1940-1950 decade tiw divergencies ware extrenes Howmz'g

allusion to Table 4 in Ubapter IX, showing the ratios of popai.aﬁion 0
cemed employnent, auggests that since the ratlo decreased mzbstanﬁally
betmen 1940 and 1950, this fzmwr Bay mntinue %o grow to be more PP~

: i;ntativa of pepnlatién trends, ‘sua thea ma.ﬁar the proporﬂcn‘ govered
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amploymant becones to total employment, the smaller will be ths positive
: am;'a betwasn ths covered employment. index and the population indexs |
Therefm?e, it iz reasonabls to mssune iha’a covered employment will prove
%0 be & nove rellsble estimator in the present decade, Since, however,
4% was not.shown to be such in the 1940-1950 decade, the weight given
this faotor wns much reduced as is muntmtodl in the next chapbera



CHAPTER IV
GOMPARISON OF RESULTE OBTAIKED m TECHHIQUES
OF ESTINMATING ISTERCENSAL POPULATION

The feur ssrios of symptomntle data used in the m&luple--fmtar
seelniqua and sxplained in the last chapter were related emd expmém
' in & multiple eorrelation coefficient for the states end for ths sube
ragions of Virginia, The coefflcient for the states was £ 4953, while
that for the subregions was £ 4994s Tho estimating equation used X, w
index of births) X, = index of deaths; X, m index of gohool enrollmonty
xA » index of covered employment) I5 = index ai‘ popudationy the multiple

mgmasien eguations i.u Boare fom woro 88 followss

a,é.“.... = 4 212671266 3 ; azme; 12 Xg £ 64892230 B3 = (00515367 X,
-4 £ 40363 : '

Mﬁ.& =4 ..33971,372 Xy £ 436430566 % # 54950802 15 £ 103646257 X,
5 LA ') .

e eatimates obtained from the equation for the states for 1950
were compared for reliability wﬁ.h m’“ obtained from the Census Buresuts
mathods of aigration and nstarsl inorasss, with Donald Bogue's “wital -
rg&a“ ioetmiqua, end with the aritimetic methods also disconssed in the

46
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geeond chaptors The results of the teats for accuracy of these lattay
methods were published in tho Americsn Soojologiceal Review, August 1954,
in an srtiocls by leassra, Sisgely, Shryock; and Greenberg of tho s 8,
Buresu of the Gansus,™

The eritoria which wepo used to measure the se¢curacy of the
estimatos are those cutlined in the eited ertisle, One griterion used,
the average deviationy is sinply the arithmetic mean of the per gent
davistions disvegarding sigm. Another was the quadratic mean deviation
which is the square root of the srithmobio mean of the squarea of the
deviationsa This lstter test points mﬂs t.he’ pethods uhieix yield rolaw
tively mg‘. ervors, 7The two tests have been aunaacz to proviously
and were used ia the mnimtwn of verious othsr metbods mtaﬂmd in
mmp‘m It

| Another w of aisphuia&ng the rmt.i.vew h?g@ arrors pmﬂww
Wawafthenamummemwmemnwaﬁamrm
‘nmm A final cheok msde mag the aggmgata musbor of potiti.ve dovie
aﬂona. mbung the mantifica‘bien of mthads which tend o cverestimate
noTe oftan than nndersstinatos ' ' |

Table 13 acnms date from Table I in the Auerican Bociologiosl
m srticle uiwd, plus the Tesults of testing eostimates derived from

3’; 8y Biegely He 84 Suryoolk, Jr” and B, Groeenberg, “Accurady
of Postoensal Estimstes of Population for Stetes and Citiesa,® fperican
Bociolorionl Review, 19 (4)s August 1954, P 4424

211id.y ppe A41-442,
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the squation based on "four fectors,® sstimates based on a simpler weight~
ing procedure of the four factors, and estimates based on an equal weight~
ing of only threo of the faotorss The estimates obtained from the multiple
regrossion squation uaing four factors ware not adjusted to the national
fotal ednge the eum of these was less than 150,000, or only +08 of 1 per
aent in deviation from the census natiomal total of 1950, To rework the
estinetes and adjnat them to the census count would m have produced
| changes in mmlta significsnt encugh to warrsnt the *baak.

The measures of deviation from tiw population standard as
examnined in 'l‘aﬁle 13 show that the multiple-fastor vegresaion snalysis
produéad an&imates of considerably greater veliability than the othoer
mtmds tasted, Eemr, $n tne strict sense, it is not Juawmm.a o
eawgars ‘thase msulu with the athats since the weighting of the fmmra
vas hasad on 8 beckward looks ’fhat 18, the census ecunta for 1.950 ware
nsad in the mgmsaim ana.l.yais Ltself; the ?eli&biuty af estimatos
i‘m the partimlar mgmsaiun mﬁm would not be demonstrated until
the mrent dec&do, The degres of aimnarity baﬁmen curvent estimatos
from the eqmmn and actasl popalation counts {if thers were any avall-
able) would depend upon the degree to wh}.nh the four factors continmed.
1o acoount for the vamtien in po;xﬂ.a‘bion changes,

m four feators axprosged as iudexes of changs wore nlm
:eighwd and aﬂrugad~ intq a single sstimator by @ simpler pmcadum, tho
remults of which are also shown in Table 13, Fivst, the indexes of
births and cmr&drmpmm were weighted equally and sveraged into &



mamirz OF PERCENTAGE DEVIATIONS FROM POPULATION STANDARD OF FOFULATION ESTIMATE
BY VARIOUS UETHODS FOR STATES, 1950

Mlgrstion

Ww

S and T , ¥our Three
R sinturad Bogie's ~ Four factor | factor
-+ Hoasure S fyital | Arith- | Geomot~ factor simple | squal
S (~TOTIRBE | povest | metie | ric | regression | weighting | weighting
1 1 ‘ squation | procedurs | prooedure
&‘!dushad to pational ‘botnl el S
8‘&&%&: 3350 o B e
Awrag& ﬁmﬁm 5.54 | 3247 4e38 | 6,39 6.35 3455 3466
Gnadeatis mean deviation 7238 |43 5454 | 8401 | 8,01 P Ladi5
Deviations of 10% or mors | 10 2 Py 11 h il 2 B
Doviations of 5% or more 21 11 19 24 23 1 1
Hot adjunted to nationsl
total :
States: 1930 _
.&V@?ﬁg@ deviation : 5086 3&89 “39 “ 7.&2 ?&G& 2&57 ‘03’3 3}‘53
Guedratio moan doviation |7.41 &s"}!» 553 9#5‘7 9.03 334 5,57 Snls
Daviations af 108 or more 10 3 i2 Q0 .5 1
Deviations of 5% or move 22 13 13 28 ] 8 15 24
Position deviations 2| -2 | 2 8 3 2 35 36

&7
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gingle indax., This index and the indayes of deatha and sehool envell-
ment were then weighted equally (by one) and averaged into & single
estinator of change, The resulie of this arbitrary weighting procedure
produced surprisingly good estimatas, osiimates which after adjustment
$¢ the patlonal total ranked in reliability with those obtained from the
involved and lengthy migration and ratural inorease Method II,

 The other welghting procedure tested also produosd very reli-
sble sstimmtes as compared with the estimates from-otimr taclniques.
The indexes of births, deaths, and school enrvollment (with covered employ-
ment exéluded) were averaped into a single estimator of population shangep
when adjusted to the patlona) total, thers resulted no sstimates which
abmad a doviation of ms much as 10 percontage pointa, |
| It may aafely be assumed from the resmults of the foragoins
analysis that population astimabtion at ths state level may be epproachsd
mcwasfully tnreugh use of short-cut methods invelving series ef’
Bymptomtia data, as well as fron the laborious snd exuct nigmtien and
natuysl inerease methods, In other vroréa, because & method is longer
and movre precise with menifold refinements and adjustments, there ean ds
no Maammée that the repulis produced will be significently more reli-
able than shori-cuts provides Further investigation of series of symptow
matio deta and their historically demonstrated relationships with ¢hangoa
in population at the state letel should ba underteken as an adjunst te
‘&a conﬁinuaﬂoa of resenrch in the £ield of population asﬂmtien alm
bagun, |
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In an examination of the resultes obtained from techniques which
estinetsd intergensal population below the stats level, it should be
kept in mind that the degree of reliabllity which mey be reesonably
approximated would be lews than on the state level, Generally, thw
smalloy the entities used aw tho besss for estimetion, the lavgor the
percentaga orrors which resuli msy be expscted to be, B _

-+ Teble 14 gives the remults of the same texts or measures of
deviation which were epplied %o the ntate entimates on tho estimates
for 1950 for the twenty-thres subregions of Virginia. The results are
conmented upon in the puragrasha that i’ollev. , ,

- Av. Arithastie projection technique, The estimates bascd on
this msthod produced among the highest average and quadratic mean dovi-
%ﬁana fron the population standard of all the methods tested, The
éfaiad.mate«a wore not mdjuated to the sinte total since this would defeat
tha wérki.ng of the teshnique itdalf, ‘

) Be }Appa:x-tiaﬁmxit mothed, The estimates obiained ghowed ths
lowsst degres of reliability on the particulsr decade tested, slightly
in excess of the arithmstie projection tochnique, The results of test~
ing the aa&ima*hau"nra shomn ouly a8 adjusted to the state totsl since
the method i‘bsalf- 18 bazed on & glven control total,.

. 83 Prorvation method with equal woighting of estimates buuad on
four fastors, This short-cut method produced results which wers betber
then A and B but which wers substantially less reliable than saveral
other tecimiquos tested. . '



TABLE

1

WM OF PEROFNTAGE DEVIATIONS PROM POFULATION STAEDARD OF POFULATION MM’IES
o - BY VARIM& HETHODS FOR WGRS OF VIRGINIA, 1950

Adjusted. o state total
Subregionss 1950

.évéraga &éﬁkuon

Candratic moan devi-

ation :
Daviations af lﬂ% or

&aﬂaﬁa&a uf 5% or
nove

Hot adjusted to state
total
Subregions: 1950

.&w:"age daviation 10,1

Suadratic mean dovie
stion :

%ﬁat&a&s af 10% or

Bm:iatiaw of 53 or

E’witivs deviations

Tedd
F.20

11.63
13.98

13

6a53
Ba48

2

3.95 2,98
474 3470
1o
7 |3
3475 3udd
454 3495
1} g
7 |4
15 |9

- 3.7
45|

4408
5418

' Buw o

2.36

2499|

347k

4e56

Zat5
3e25

| 3,10

3.86

340
4415




53

Dt Proratisn mathod with each estimats weighted by the recipro-
cal of the ratic of ptate population o the particular series of Symptow
matis dats, This weighting procedure was suggested by Schndtt and used
in his tests on the ccuntiss of the State of Washington. For exampls,
the ostimate for a subregion besed on 4ta share of births in 1950 would
be weighted by 1 divided by 46,8404 or 4021349, the vatio of state popu~
lation to mumber of births in 1940 being 46,8404 Weights based on the
other thres factors wuld be obtained in the same msmner and spplied to
each proliminary estimste, feapeatﬁmly. Finally, the sum of ihs
weighted eutimaies would be divided by the sum of the mig.hw with ‘the
quotiont rapmmtmg the finel population estinate, |

 The eatimates obtained from this waighting technifue &1 mot
prove vary reliable, the devistions being large enough to discourage
any extessive usa of the proceflure in Virginia, The estimetes {n D
rauked in relisbliity et the bottom of the techniques tested slong with
the arithmtic rathods,

Bs Proration msthod with each estimate weighted by the recipro-
eal of 1‘1;; soefficlent of variatmn. This weighting mcheme was alsio
used by Scheitt in Washington and proved the most succensful of those
tested thero, The procedure followsd is essentially the same s the
weighting in Dy however, the reciprocal of the scefficient of varimtion
smong tho raties of population to symptomstic data in the subregions
i3 wsed instead of t,he rac:lpmuél of the actual ratio ofpepulztian to
syaptomatic deta in the state, i‘ar example, the proliminary estimate
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for a subrogion 4n 1950 baged on the share of total deaths in the etate
whiel that subregion aéommted 'fdr in 1950 would be .ueighﬁed' by 1 divided
By 13,9 or 4071942, -+ The coefficient of variation among the retios of
populat.ion to deaths in the mbwg&ona in 1940 was 13,9+ -

The amrago deviation smong thess estimates wae 6.53 per cant
while the quadra’cio goan deviation roas to 8u46e There were twelve
~ deviations of mors than 5 par gent, of which six veached more than 10
por cont, Among the welghting systems applied to the ‘»mw from
the proration method, the use of the ;rooipmcal of the coefficient of
variation proved most succesaful, '

¥ Ganaul ratio mathod usi.ng four facimrs wighmd by the
mnipmeala of the coefficients of vuriation. The estimates obtained
from the censal retio mothod for the sudregions proved quite reliable,
Fhen ench of ths four estimates was weighted by the reoiprocal of the
cosffieient of veriation of the vespactive factor, and the four averaged
into & single eatimate, the final estimaies showed sn average deviation
of 3.7% pe'r cant and & quadrstic pean deviation of 4452 per cent,
ilter u&jnstmant to the state totaly the astimates pz'oducod alightly
greator daviations, There was produced only one deviation in excess
of 10 per ¢ent, while seven estimates showed devistionmdl 5 par ceni or
BOTSe - : ‘

‘ G; Gensal ratio teshmique using thres fuciors weighted by the

reoiprocals of the coeffiolents of variation, The estimntes based on
the retios of population to vovered employment wers oxcluded; those
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reguliing from the combination and weighting of the other three fagtors
produced estimates which deviated even less from the population standard
than Py These estimates were the most reliable aside from those bused
on the miltiple regression equation; only thras subregional astimatas -
ﬁmm 88 much a8 5 por cent in error and there wers none u‘_nuok as 10
por ¢ent in deviation.

Hs Bogua's Hvitel rates® techniques The estimates obtained
from thie simple shori-cubt meithod exhibited a oonsidcrablo‘ &ow of
roliabiliity, When adjusted to the state total for 1950, thoy showad
an aversge deviation of 3.79 per. can-b and & quadratic mean dnvia.ticm
of 458 per cent, While nins estimates wers in deviatdon 5 per ocent or
nore, tmlre wera none &b much as 10 per esnt in error,

- ks Pour-fector multiple regression equation, These satimatesn
proved the most reliable of all tested. The average deviation was only
3436 per cend and the quadratic mean deviation only 2,99 psr cents The
eaiimates were not adjusted to the state totsl for 1950 since the suvxm
wap only «20 of 1 par cen{ less than the census cound.,

Js Four-faotor asimpher weighting procedure, ¥hen the indexos
of births and sovsred employment were averaged inito a aiugle indozi, and
fais index in turn averaged with those of deaths and school enrolliment
for the mbmg&ena, the resulting eatimtes exhibitad rather high dm~
ationss An average daviation of 8.32 per. cmt and & quadratic mean deviw
ation of 9499 per cent would tend to discourage much further use of this
arbitrary. weighting provedure,
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Ex Pour-factor esqual weighting procedurs substituting census
total omployment for Us C. Cs covered smploymont. This wes included
only to illustrate that with & oomplate eoploymant count {or es inclu-
sive a3 may bo obitalnad) ths simplost weighting procedurs produced quite
reliabls estinates for the subrogions. After adjustment to the state
 total, the estinates showad e 3452 por cent sversge dovietdon and a
quadratic mean doviation 6f 4«31 por ocente -

Ly Thros-facter mltigl# ragmséimx equation. When covarsd
employnent was removod £rom the analysis,; the multiple mgmsaioxi QQUE~
tion in soore form becamot |
| Xg e 4 231570688 Xy £ W4040R40 Ty £ 252128355 Xy ~ J2U91
Romoval of tha fourth factor produced esﬁmtasv which were only slightly
pore in deviation z‘m the pepulation a‘bmdard than the 1 uwt’aa'aw
voegression equation provided. An aversge deviation cf 2,6‘} por gent
and a quadratio moan devistion of 3.25 por cent vesulited, The catimatas
wore pot edjusteld to the ‘stata total since tho sum was but 18 of 1 par
ognt in excess of tho censzus count for 1950; |

E; Three-fastor agusl weighting’ mlmiqm. A tmipla averaging
of tho mdexea of births, dea‘hba, and sclwol enrollment produced surpris«
:lngly good estimetes for the subreglons for 1950 After adjusteent to
the j‘!:a;e total thoy deviated on the aversge only 3410 por cont from the
osnsus tiguraa. The qusdratic moan daviation ¥al 3,86 per cent; only |

three estinates were 5 or more wmaamga points in errvor and nope were

88 much a8 15 per ewta



QRAPTRER ¥
TEK‘S P“&"WXOW QF CURRENT ESTIMATES FOR THE SUBREGIONS OF VIRGIRIA
, AKD CONCLUSIONS

Estimtea for the ‘tmnt:;—-thmo snbregiona of Vivginia for 1954
were pmparad using several techniques, Tiw nethods chosen were those
that produced estimstes for 1950 which axhibited the loweat percentage
deviét.ims fmzu the population atandard, XIncluded are three sata of
aa‘bimtes pregamd from thse mltipls regmaai:m equation based on the
ehanges betwsen 1940 snd 1950, Bogue's "vitel rates® technique, and ths
aensal mtio mothod waighted by the reciprocsls of the coaffiaimw
of ?ariatiau in 19

The psmezxtage ahangad which each sat of estimates for 1954
veflovted over the 1950 Census weve compsred for similarity of trend
and degres of insranse or decrease,; Another sed of estimates propaved
st the Duresu of Population and Economic Remsarch by Mre Je L. Lancastor
iras alse wmp&mﬁ with those ob%ainaé by the amrt-wt methods, Hr,
Lanoastor's estimates for the counties and oities were made using the
ﬁsmﬁon and natural inma Hothod II of the Buresu of the Census
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with & fow sdjustmenis, Instead of age-grade dlstributions which are
not avaiiﬁb).e on the lacal,’-leval in Virginia, ths average daily membopw
ohip figures wure ussd, The comparison of the four sets of estimatoes
is found in Tahle 17,

Hone of the estimates were adjuated to the census estimate for
tha Btste of Virglnia for July 1954 of 3,560,000, The state totsl for
1954 used &g the control for tha three mets of estinmates preparad hovein
waé 3,678,000, or en estimated 247 per cent higher than the amms' Piguroe
It wis & eaaaai;*mtiw estinute avrived st aftor obtaining numerous state
figures from ds.ffewut mothods of wmtiom A.aao, 1';1:9 eatmam obtainod
tw ﬂm Lancaster wea very o.lnsm at 3,6’70,@00.

.. able 15 presents the indexes of ohange in the four i‘ax:tors
smpmatic nf t&m di:eeetien of poyulatinn change for 1950 mﬂ 1954
(evar the }.9.69 bage) for the mabms,im of Virginis.

‘ " ‘ms papulatim estimates for the subregions in 1954 uaing ﬂw |
iwima .‘m ‘Z’abla 15 4n the mltlpl& mgmsaion equation were adjusted .
%o ths atata aontrol t&tal of '3,678,060 am.’x are presentsd in Tabla 16,
a.long wi.th tha eanm 1950 mmntw The eatimm pmpam& for 19.:0 fr-oza )
‘tha regmmion eq.m*ien am um gimn with the percentege daviatiann : N
fma tha pepulation ata.ndmﬂ pointﬂd outs my aisaabla pcaitj.va or

ga.tiva dmuan in 1950 my ‘ba ysmamw through use of th:a seue .

4 squation; the smm in 3.95€2 am mted to enable the recagniuon of PO~
sibla 1ike ormrn 1:1 the 1931. estimﬁes;.

| lﬂ 8, Buresy of the Genmus, MWM Serias
?—25, ﬁﬁp m; October 2"93 1955,



TABLE 15

W OF CHANGE IN BIRTHS, DEATHS, SCHOOL ENROLLMENT, ARD COVERED EEPLOYMERT IN TfE
‘ SUBEEGIONS OF VIRGINIA, 1950 AND 1954 OVIZR 1940

o Births Deaths Seheol enrollment Covered employmant
Ragion
o 1950 1954 1950 1954, 1950 1954 195G 1954
1-4 2978 | 349261 | 12,5536 | 1.7511 | 1.7900 | 2.6108 | 2.7733 3.8720
1-B | 1.7082 2.0252 1.0974 1.0773 10030 1.2143 1.4117 La5254
3-C-2 22298 342625 | 12451 13457 14524 1.9401 1.4825 21650
1-0-5° 2.2359 32482 11622 le2452 1.3903 1.8529 1.5716 15083
¥ T L4207 1.6317 <3848 ~BE75 <8849 #9370 1920 L8139
1.2 l.2123 1.3263 #5993 #8403 1.0659 1.1803 |  1.2750 L4346
1a3- L4762 241905 1.0275 1.1409 1.1586 1,3567 2.3935 28480
1ed 1.1808 142435 +9512 2976 REVIE) G660 1.8557 17545
1.5 © 1.1185 1.3259 #0160 #372) Y74 #9109 243014 245758
1.‘6 » 1a2599 LA%‘) ) t% #5212 «9545 1.0972 1.5108 1&64"32
W ¥ 1.0297 10840 9572 «B77 9554 49396 16000 L4716
o LG8 141021 | 1.1918 20606 «9438 9723 1.0264 1.7146 19720
1.9 1 LaZThd 1.5105 SS0GL, | 49441 25980 11146 242556 0608
2.1 0 | rOmT | 11277 W9803 | 45053 +9915 1.0305 240904 2.1481
2.2  le2264 | 12767 «9575 5351 1.0912 1.3934 | 143034 1424054 .
3.3 | 1.3135 | 1.3130 | 1.018 #9894 | 1.1149 | 1.2271 | 1.8068 | 1.9105
3e2 . 143592 1.3851 1.0040 29910 1.0519 13258 L7261 147453
4l | L2424 1.2403 <9959 #5086 9727 1.0321 144358 1a4800-
4e2 | L1124 1.0478 5650 #8973 #9349 «9585 1.5120 | le3695
430 | 13838 1.5080 1.1117 «9210 1.0438 1.1943 1.6833 148431
5.1 «D244 8765 9335 +8327 +8088 <8591 | 242933 2,718
502 140058 10339 49473 5276 | 140540 1.0934 146358 16599
5¢3 1.0195 5281 #5636 #5470 1.1049 1.0375 1,191 8590
State 14341 1.6645 1.0403 140274 1.0872 1.2484 1.5622 L7




, : W b
- PQ.WTIOR oF THE SUBPEGI{}HS OF VIRGINIA: CRESUS COUNT AHD ESTIMATES FOR 3950§

‘ mammawﬁ o

e evremero” ,
1950 population 3.950 population deviation 1954 population
148 303,326 302,539 C Ou2d Z17,453
B 417,918 425,206 . Ala'T6 4E2,185
1~C-tF 143,227 146,136 #2403 195,302
1438 AhLG4200 432,093 ~3403 §73,763
L1 51,132 53,427 Fhnd 56,273
1.2 1144329 115,198 £oT6 120,638
1.3 33,473 33,668 #0458 42,297
1.4 44,y 62, 45,330 Fla58 56,343
1.5 41,659 41,010 ~1.65 42,297
1.6 0,436 \ 65,845 .80 704935 .
1.7 T049 733320 #3350 70,618
1.3 111,800 ;ua,m ~1450 112,915
149 72,081 72,333 £0e35 62,019
2.1 154,4125 160,304 £4,:01 157,418
242 145,632 145,942 -2e47 1504430
341 82,500 87,193 #5469 838,640
3.2 112,327 111,860 ~0ed2 112,915
4al 126,563 125,997 #1.92 125,788
L2 87,050 88,071 £113 82,755
43 218,927 213,872 ~2631 237,733
5a21 31,553 LB 4488 =555 46,711
5.2 189 3-154 136,809 . ~1a24, 186 3107
523 225,913 224,07 ~(.82 lﬂ‘%w5
State 3 5318 ;680 3 2312 3135 - o0 3 ,07“ ,603
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‘mbla 17 uontaina ths percentage chamgas from 1950 that fmm |
sata af eat..mtszs for 3.954 mflect. mm is e elnm corremondeam v
tmd ahnwn by t*xe fima’c three aa‘w of estimates which were ma&a using
ebort-out motheds, Bstimetes I and 1T were, of oourse, besed on the

_ sams four factorsy ehanges in yearly births, deaths, sohool enrollment

as expmsse;i hy sverage dally sttendance sdjusted, aud oovomgllwploy-‘-
wonte Estimates N,.wnmg tha mms‘fm"ﬂm‘gubmgions of aatdm&%.aa
nade :ar the Mivldzwl counties and oities by the nigration and natursl
inorease Hethod IX, show divergent trends for a number of the aubragiana.'»
_ Siwply mwss some of thoss last eutimtéa By differ from o
éagrea of unanimiuv among the other thm, it &8 not to be implied that
mm of Estimates IV are in eTrOTs There i8 a.a’mall:f no baaia upon
which anyone inspsoting ths estimstes migit oategorically claim exagt-
nosa of ‘one sst of eutdmatos avor anothars However, where & region
@d bs in question dus %o divergent trends manifeated by the gavoral
sets of estiuates, en investigation of the social smzl‘eaonamio foméa
in operation in the mbmgioné _a‘hould be m&da; Bxauination of the
individual factors ussdl 4n tha isagx-esaien squation would ba of help
sloag with suy othor knowlsdge of the ares which might be obtalued, Tho
umitations inheront in any atatintical saries should always be aos:mm«- ‘
edgod, whils 4t would also be reasmbered that some areas aro aimply ,
&ifﬁcult to analyss lmd do zzot oomp olose to fitting any patt@m th&t;
myhav«bundisp}.mdbyﬂmmallmavamga &roRe
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PESOESTAGE f)ﬁﬂﬂﬁ% 1950 0 1954 IN POP!ILA”'IOH OF SUBREGIONS
OF VIRGINLAs FOUR SETS OF ESTIMATES FOR 1954

——.

vl
e

b

Ragmséion Gonsal retio Migration and .
Sub~ | equation method Vital rates | natural increase II
reglon | X m ’ 111 Iy |
1-d dames. | g0 . | 253  f2Bu9
1-B A15.38. A11.86 £ 9404 AL
1-C-H #3636 #3359 £28.40 #1589
108 FRB 459 F25.08 £25.17 AR 4T
1.1 £10,05 £ B.62 £12,21 - 0423
1.2 £ Ba52 £ 552 £ 5488 F 457
1e3 £26436 #26436 #£32,95 £ 9464
deb # 3485 # 4463 # A3 # 2480
1.5 A Lah3 . £ 8429 #11.14 # 1421
1.6 £0s7B. £i0418 Az | Al1e50
La7 - 0404 - 1,09 - 0456 £ 1482
148 A 300 # Re31 # 3490 £~ 2442
L9 £13e9 #1323 ALL75 £ 9498
2.1 £ 2,14 # 0,94 £ Llab2 £ 3434
2e2 # 0¢53 25 # 3473 £ 767
3.1 1‘ Tebl # 1.65 £ 2405 # 5443
42 ;‘ 0452 )‘ 1.18 Jz 3.14 }z 3457
4ol - 0sbl. - 0432 - 0432 £ 5484
4e2 498 | = 3629 - 2487 F 3ol
- A3 - 0u54 # 5467 £ 584 A 7479
5.l ~ 9439 - 2497 - 5453 £ .22
542 =146 | A3 # 2,86 £ 2483
5¢3 ~13406 «11,94 w30462 - Ondd
State £10.83 £10,83 ' £10,83

A10.59
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Senolusions

The purpose of the thesis was to attempt to appraise several
tocimiquer in current usage for making intercensal population estimatos -
and to expsriment with & new method. Ths particular need stressad wus
_ peliable, up-to-date populstion estimates in sreas below tha stats leval,
The twenty-three subragions of Virginis were used as the subjécta of
the tonts on suggested procedures, |

. Tha many sets of estimates for 1950 made from gurrent methods
ware tosted by various measures of deviation from the population
atandard. It may be concluded that in the Btate of Virginia during the
last decads the "vital rates" and cansal ratic techniques offered reli~
ghla estimates through short-cut means,

The miit.iple—factor beclnique malking use of four sevies of
aymptometic data expressed as indexes of change in multiple regression
oquation alse afforded relimble population estimntes. The sstimating
oquetion may contimie to account in a matisfactory degree for the popu-
lation ohanges that take place in the current decads, That vemalan
%o be soan; hawever, the method suould offer worthwhile indisations of
trende in the subreglons during the intercenssl years, The pmpargﬁon
of soveral sets of sstimates using short-cut methoda which have proved
raliable in the past decada would be of practical uss md signiflcence
to any state and the parties therein desirous of t.ha information that
current, population sstimates provide, '



&4
Tha axact munberz of people are not of prime impor;tnnce to the
unssr of veglonal poptlation statistics, Indesd, it would be imposnible
to gitain such eertainty, particulsrly on the level of amaller areas L
than states, Mry Harold Dorn in an indiotment of foracasting at the N
. national level thought 4t would become “inaoressingly diffioult® bo ostd~
mate the population "for periods as short as even five years ¢ 4 &

unless esonomic conditions remein atabilisod.“l The trend and extent

6f growth or deoline within reasonsbls limits iz the question whose
answeyr provides the key to the formmlation of plans for governmental
aod busineae activity in the socisl and economic sphorss, The multipiow
fagtor technique hervein suggested may not only ofler reliable indicators
of population trends, but in ths examination of the four dynamic forees
in operation in reglons below the state level will afford a brosder
view of the sooio-soonomic make-up of the areas involved,

: : 1Hs.ro:)ld. F. Dorn, "Pitfalls in Population Forecasts and Projec—
tions,® Journal of the A’\me,r_:gcgg Statistical Assoclation, 45 (251), Septem-

ber 1950' P 332
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