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ABSTRACT

Determination  of  the  future  urban  transportation  system  needs

relies   heavily  on   the   location  and  amount  of  population,   housing,   in-

come,   and  employment.      In  order  to  develop  a   comprehensi.ve   transpor-

tati.on  plan  for  the  Fayettevi.lle  Urban  Area,  detailed  tri.p  data  out  of,

into,   and  through  the  area  are  requi.red.     These  data  are  deri.ved  from

land  use,   and  socio-economi.c  data,  and  are  classified   into  traffic

zones,   or  areas   of  sl.ml.lar  vehi.cular  ori.gi.ns   and   desti.nations.     The

traffic  zone   i.s  a   relatively  new  concept  of  whi.ch   hl.stori.Gal   data   1.s

ei.ther  non-existent  or   limited.     Thus,   the  purpose  of  this   thesi.s   1.s   to

devise  a   step-by-step  methodology  which  wi.1l   render   traffic  zone,   popu-

lation,   and   economic  data   based  on   11.mi.ted   data.

A  combination  of  regression  technl.ques,   ratl.os,   percentages,   and

the   compound   i.nterest  model   was   used   i.n   thi.s   procedure.      Each   category

of  data  was   projected  separately  for  1985  and  2005.

The  methodology  used   is   stati.sti.cally  accurate  and  applicable  to

similar  kinds  of  transportati.on   studies   although  when   deall.ng  wl.th   pro-

jections   l.nto   the  future  only  tl.me  wl.11   show  validity.
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CHAPTER    I

INTRODUCTION

The  urban  sty`eet  system  occupies   25  to  30  percent  of  the  total

developed   land  in  an   urban   area.I     Today's   complex  urban   society  re-

quires  extensive  travel   to  fulfill   the  needs  of  its   populati.on  and  to

support  economic  activl.ty.     The  ability  to  estimate  future  travel   needs

requires  not  only  a  thorough  understanding  of  existing  travel--why  it

occurs  and  what  affects   it--but  also  the  trend  of  change  thi.s  travel   has

exhibited  in   the  past.

In  order  to  estimate  future  travel   demands  of  an  uy`ban  area,   the

variables  which  will   affect  thl.s   travel   must  be  determl.ned.     Conven-

ti.onal   techniques  of  travel   forecasti.ng  generally  i.nvolve  the  develop-

ment  of  a  series   of  sub-models  which  descri.be  travel   in  terms  of  its

major  components:      (1)   tri.p  generati.on,   (2)   tri.p  distri.bution,   and   (3)

transportati.on  systems.2     All   of  these  sub-models  are  1.nterrelated  and

must  be   considered  holistically.

The  sub-models   for  travel   forecasting  use  as  their  data  base  popu-

lation  and  economi.c  projections   for  the  desi.gn  year.     These  projecti.ons

are  the  variables  which  the  North   Carolina  Department  of  Transportation

uses,   at  this  time,   to  determine  trip  generation   I.n  a  specific  year.     A

diagram  of  the   transportation   planning   process   1.s   shown   in   Figure   1.1.

Thl.s   flow  chart  portrays   the   importance  of  populatl.on   and  economl.c

forecasts   in  the  uy`ban  transportation  planning  process.

|E



GOALS   AND

OBJECTIVES

ORGANIZATIONAL AND
INVENTORIES

I
I
I

I

I

I
I

I

I
L

ORGANIZATIONAL   DEVELOPMENT
POLICY   AND  TECHNICAL

CITIZEN   PARTICIPATION

COLLECT  DATA
POPULATION

ECoNOMic  ACTivrry
LAND  USE
TRANSPORTATION  SYSTEM
TRAVEL
TEf"iNAL TRANSFER FAclLmEs
TRAFFIC CONTROL FEATURES

LAWS  AND ORDINANCES

FINANCIAL  RESOURCES

COMMUNITY   VALUES

DEVELOP  IMMEDIATE
ACTION    PLAN

ANALYSIS

LAND   USE

TRIP     GENERATION

TRIP    DISTRIBUTION

MODAL     SPLIT
TPAFFIC     ASSIGN

Af}EAWIDE  FORECAS

POPULATION                LAND USE

ECONOM I C                     TRAVEL

REVENUES

CONTINUING ELEME

SURVEILLANCE

REAPPRAISAL

PROCEDURAL DEVEIDPME

SEFtvICE

ANNUAL  REPORT

ANALYSIS OF FUTUF{E

A LTE R N ATIVE SYSTE M

DEVELOP   ALTEFiNATIVES

APPLY   MODELS

LAND   USE

TRIP    GENEF!ATION

TRIP   DISTf]lBUTION

MODAL  SPLIT

TRAFFIC  ASSIGNMENT

PLAN  TESTING   EVALUATION

AND..SELECTION

PLAN

lMPLEMENTATION

---_-_--_--_______-_J
THE    CONTINUING    URBAN    TRANSPORTATION

PLANNING    PROCESS

Source:   North   Carolina   Department   of  Transportation,   Dl.vl.sl.on
of   Highways
.980,   p.1.

Trans oy`tation   Planni.n and   Plan   Reevaluation,

FIGURE    1.I

-2-



Because  of  this   relatively  new  and  uncommon   scale  of  data   gathering

and  analysis,   problems  may  arise  in   collecti.on.     Therefore   it  is   the

i.ntent  of  this  thesis  to  demonstrate  a  reliable  and  relati.vely  quick

seri.es  of  procedural   steps  to  analyze  and  project  population  and  eco-

nomic  data  at  the  traffic  zone  level   usi.ng   limited  hi.stori.cal   data.     The

Cumberland  County-Fayetteville,   North  Carolina  Urban  Area   i.s   used  as   the

target  area  of  thi.s   study  (Figure  1.2).3

Defi.nitl.on  of  Terms

It  i.s  appropriate  at  this  poi.nt  to  define  certain  terms  and  con-

cepts.     Table   1   gives  a  breakdow.n  of  relevant  termi.nology  and  defi.ni-

tions.

-3-
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Table   1

DEFINITION   0F   TERMS

TERM

0.    D.   Zone

Economic
Projection

P1ann1'n9
Districts

Group  Quarters

Cumberland   County
Joint  Planning
Board  Standard

Projectl.ons

Linear  Regression
Model

Compound   Interest
Model

DEFINITION

The  smallest,   geographic  area  of  homogeneous   type,
and  number,  of  traffic  generators  and  attractors
used   in   transportation   planning.      (Figure   1.4)

Dwelling   unit,   employment,   and  mean   family   income
projecti ons .

A  grouping  of  census   tracts   and  0.   D.   zones,   the
boundary  of  whi.ch  coincides  with  census   tract
boundaries.      (Figure   1.5)

Li.ving  arrangements  for  institutional   i.nmates  or
for  other  groups  contal.ning  five  or  more  persons
not  related  to  the  person  in  charge.

A  combi.nati.on  of  various   state  agencies'   popula-
ti.on  and  economi.c  forecasts  considered  to  be   the
most  accurate  depi.cti.on  of  futuy`e  Cumberland
County.

The  linear  regression  model   referred  to   i.n  this
study  can  be  mathemati.cally  represented  as:

y   =   ax  +   b

where  a  is   the  slope  of  the  line  and
b  is  the  y-intercept

The   compound   interest  model   can  be  mathemati.cally
represented  as:

FV   =   PV(1   +   i)N

where   FV
PV

1

N

Future  Value
Present  Value
Percent  interest  per  period
Compoundi.ng   Period



The  Study  Area

Cumberland  County  lies  within   the  Atlanti.c  Coastal   Plain   physl.o-

graphi.c  region.     This   area   i.s  characterized  as   having  a   sli.ghtly  rolling

to  flat  terrain.4     The  altitude  ranges  from  less  than  80  to  486  feet

above  sea   level.     The  average  approxi.mate   precipl.tatl.on   is   46   l.nches   per

year.5     The   county  encompasses  661   square  miles   of   land.

A  comprehensive  transportatl.on  study  for  the  Fayetteville  Urban

Area  was   completed   i.n   1962  which   resulted   in   a   "Thoroughfare   Plan"   that

was  offi.ci.ally  approv.ed  by  the  state  and  affected   local   governments

duri.ng   the   same  year6   (Figure   1.3).     Amendments   to   the   Plan  were   ap-

proved   in   1968.

In   1977,   the   Plannl.ng   and   Research   Branch   of   the   Di.vi.sion   of

Hi.ghways   of  the  North  Caroli.na   Department  of  Ty`ansportatl.on,   in   cooper-

ati.on  wi.th   the   Cumberland  County  Joi.nt   Planni.ng   Board,   publi.shed   the

Fayetteville  Urban  Area  Transportati.on  Study,   Techni.cal   Report  4.7     This

report  outlined   the   planni.ng  area  and  subdi.vided   thl.s   area   into  the

current  traffi.c  zones   used   1.n   the  Thoroughfare   Plan   (F1.gure   1.4).

The  planni.ng  area  boundary,   termed  the  external   corridor,   i.s   lai.d

out  to   include  all   of  the   land  area  whl.ch  may  potentially  become  urban-

ized  during   the   design   period.      (The  design   period   i.n   this   case  was   25

years.)     It  should  be   kept  1.n  mi.nd  that  these  traffic  zones  are  the

basic  areal   unl.t  of  land  used   in   the  generati.on  of  models   to  determine

tri.p  origi.n   and  destinati.on   i.n  forecasting   travel.
-6-
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Need  for  the  Stud

Since  the  urban  street  system  is  permanent,   and  expensive  to  con-

struct  and  maintain,  much  care  and  foresi.ght  are  needed  i.n  its   develop-

ment.8     It  is  for  this  reason  that  thoroughfare  planning  has   taken  a

major  role  in  the  planning  of  North  Carolina's   urban  street  system.9

Thoroughfare   planning   is   the   process   used  by  public  offi.cials   to

assure  the  development  of  the  most  appropriate  street  system  to  meet

existing  and  future  travel   desires  withi.n  the  urban   area.L°     The  primary

aim  of  a  thoroughfare  plan  is   to  guide  the  development  of  the  urban

street  system  in  a  manner  consistent  wi.th   changi.ng   traffic  demands.1l

With   the   advent  of  thoroughfare   plannl.ng,   much   needless   time   and  expense

can  be   alleviated.

The  underlying  theme  of  the  thoroughfare  plan   is  that  i.t  provides

a  functional   system  of  streets  whi.ch  permits   travel   from  origins   to

destinations  with  directness,  ease,   and  safety.12     The   location  of

present  and  future  populati.on,   commercial ,   and  industrial   enterprises

affects  major  street  and  highway  locations`.     In  order  to  develop  a

comprehensl.ve   transportation  plan   for  an  urban  ay.ea,   detai.led  trip  data

are  required  concerning  trips  being  made  into,   out  of,   and  through  the

area.     These  data  are  derived  from  land  use  and  socio-economic  data

which  are  used  to  predict  future  economic  conditi.ons.13

Socio-economi.c  data   (population   and  economic  data)   for  travel

forecast  model   development  are  categorized  i.nto   four  data  sets.     They
-10-



are:     dwelli.ng   units,   population,   employment,   and   income.      Information

on  these  data  sets  must  be  obtained  at  the  traffic  zone  level   in  order

to  observe  their  effect  on  origi.ns  and  desti.nations  of  travel  withi.n  the

urban  area  boundary.     It  is  because  of  thl.s   concept  of  origi.ns   and

desti.nations  of  vehicular  travel   that  traffic  zones  are  commonly  re-

ferred  to   as   Ilo.   D.   zones."     The  term  0.   D.   zone  will   henceforth   be   used

in  reference  to  traffic  zones.

The  data  source  for  the  four  data  sets   listed  above   i.s   available  in

publications   of  the  U.S.   Census   Bureau  at  the   county  and   census   tract

level.     A  problem  arises,   however,  when  trying  to  obtain  data  at  the

urban  areas  or  0.   D.   zone  scale,   as   there  are  no  official   organi.zations

which  gather  data  at  these  levels.     It  i.s  also  unfortunate  that  most

urban  area  and  0.   D.   zone  boundaries   do  not  coincide  with   census   tract

or  block  boundaries.

Because  of  the  lack  of  offici.al   data  collected  at  either  the  urban

area   or  0.   D.   zone   level,   most  planning  organi.zations   ay.e   faced  with   two

choices   of  data   collection:      (1)   conduct  0.   D.   zone   surveys,   or   (2)   use

censal   data   to  step  down   to  the  0.   D.   zone   level.     Obviously,   the  second

choice  appears   to  be   the  least  expensive  and  time  consuming.     The  only

py`oblem  with   choice   (2)   is   that  many   planners   lack  either  the  expensive,

sophisticated  computer  equipment  or  the  requisite  expertise  in  mathe-

matics   and  statistics.     Also,   in  many  cases,   such   as   the   Fayettevl.lle-

Cumberland  County   urban   area,   0.   D.   zones   have  just   recently  been   desl.g-

nated  and  mapped,   so  there  is   a  lack  of  historical   data  at  that  level.
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It  seems,   therefore,   that  unless  a   local   planning  agency  can

afford  compiling  numerous  costly  surveys,   1.t  must  use   the  available

census   data.14     Thi.s   thesis   intends   to  demonstrate  a  method  of  pro-

jecting   population   and  economic  data  at  the  county  level,   in  whi.ch

census  data   can  be  used,   for  allocations  down   to  the  0.   D.   zone   level

usi.ng  si.mple,  yet  accurate,   statistical   techniques.

Review  of  the  Li.terature

A  revi.ew  of  pertinent  11.terature  revealed  four  basic  categori.es  of

population  projection  techniques.     The  first  of  these  deals  with   graphi-

cal   or  mathematical   techniques.     These   technl.ques   are   included   i.n   the

broad  category  of  trend  based  methods.]5     These  methods   use  census   data

and  reconcile,   up  to  the  target  year,   the  results  of  absolute  and/or

percentage  changes  for  all   previous  years.     These  percentages  are  then

used   in   the  projection  of  postcensal   esti.mates.     The  data  base  for  these

types  of  analyses   is  available  for  states   and  counti.es  on  an  annual

basis   through  the   Federal-State  Cooperative   Program  for  Local   Population

Estimates.16     A   problem  arises  when   the   planner  desires   to   perform

populati.on  estimates  on  a  scale  smaller  than   county,   because   it  has   been

assumed  by  most  experts   that  the  smaller  the  area,   the  greater  error  to

be  expected.17     This   assumption   is   based  on   the  belief  that  at  the   local

level   migration   is   a   large  and   variable  element   i.n   population   change.

The  advantage  of  these  types  of  analyses   is  that  they  are  better  suited

for  short  term  projecti.ons  whi.ch   have  had   relatl.vely  constant  changes

over  ti.me   I.n   the   size  of  thei.r   population,   and   for  whi.ch   no  marked

erratic  or  rapid   changes   are   foreseen.     The  weakness   of  such  methods   of
-12-



projection  is  that  they  are  founded  on  the  assumption  that  ''the  factors

and  conditions  which  affect  population  and  economic  growth  or  decli.ne

will   remain   unchanged   and  will   have   the   same   affects   in   the   future.''18

The   second  category  of  populati.on   and   economi.c   projecti.ons   is   based

on  relati.onshl.p  of  growth   in  one  area  to  growth   in  other  areas   (rati.o

methods).     These   types  of  projecti.ons   assume  that  growth   in   one  area  or

communi.ty  is  usually  closely  related   to,   or  affected  by,   economic  and

population  changes   in   the  economic  region   or  state.19      If   logi.cally-

founded  projections  for  the  regl.on  or  state  are  available,   the  pro-

jections  for  the  communl.ty  can  be  deri.ved  directly  there from.

The  mai.n  disadvantage  of  these  types  of  techniques   is   that  the

rati.o  method,  based  upon  a  forecast  for  a  large  area,   is  subject  to  all

the  errors,   incorrect  assumpti.ons,   and   inaccuraci.es   in   that  forecast.

Thi.s,   in  essence,  means   that  not  only  wi.1l   errors   occur   in   the  actual

forecast  of  the  larger  region  or  state,   but  also  1.n  the  assumpti.on  that

the   same  factors  whi.ch   influence   the   larger  regi.on  will   also   1.nfluence

the   local   community.     There  is   no  assurance   that  assumptl.ons  made  for

the   larger  area  wi.11   be   vall.d   for  the  smaller  communl.ty.     As   stated

before,   though,  when  an  area   is   relati.vely  stable   in   growth  and  change,

these  methods   are  reliable   if  the  smaller  community  parallels   the   larger

region  or  state.

The  third  category  of  projectl.ons   is  referred  to  as  component

methods.     These  methods   study  separately  several   factors,   such   as
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births,  deaths,  and  net  migration,  which  affect  the  future  size  of  the

populati.on.     The   theory  behind  component  analysis   is   that  more  accurate

estimates  can  be  obtal.ned  by  analyzi.ng  separate  components  of  an  area

than  analyzing   the  area  as   a  whole.

The  mai.n  disadvantage  of  these  methods   is   that  a  great  deal   of  data

concerning  birth  rates,  death  rates,   in  and  out  migrati.on  need  to  be

readily  available  to  the  communi.ty  planner.20      In  many  cases   this   i.s   not

possible;   many  small   communities   dg   not  have   the  manpower   to   collect

data  needed  for  these  techniques.

Another  disadvantage  of  these  methods   l.s   that  they  are  very  time

consuming.      Most   small   communl.ty   planni.ng   agencies   cannot  afford   to

finance  a  long.  detailed  study  which   is   needed   in  order  to   use   these

methods   properly.

The   last  category  of  populati.on  and  economic  projections   is   fore-

cast  data  derived  directly  from  speci.fi.c  esti.mates  of  future  employment.

These  methods  are  not  generally  used  for  transportati.on  studies  because

I.they  assume  that  the  volume  of  employment   in   an  area  on  a  future  date

can  be  forecast  from  consideration  of  certai.n  economic  factors  alone,

wl.thout  taking   into  account  the   probable  size  of  the  future   popula-

t1'on.''21

Gi.ven   constraints   of  ti.me  and  money,   the   logl.cal   methods   of  popu-

1ati.on   projecti.ons   over  a   short  period  of  time  would   be   found   in   the
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trend  based  methods  which  are   in   fact  the  most  common  methods   used   on

the   smaller  scale.22     Si.mply  stated,   trend  based  methods   extend  an    `

historical   rate  of  growth  for  the  total   population  into  the  future.

These  techniques   use  strai.ght   lines,   geometri.c  and   logistic   causes   to

extrapolate  a  population  trend  of  the  past  into  the  future.     When   the

projections   are  voi.d  of  specifi.c  characteri.sti.cs  of  populati.on,   such  as

age  and  sex,   the  mathematical   trend  analysis  methods  are  the  quickest

and   least  expensi.ve.

Hypothesi.s

The   hypothesi.s  of  this   thesis   i.s   as   follows:

Reliable   population   and  economi.c   projectl.ons   can   be   calculated

at  the  0.   D.   zone   level,   despi.te  a   limited  data   base,   by  means

of  trend  based  projection  methods.
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CHAPTER    11

METHODOLOGY   AND    PROCEDURE

This   study   involves  making   population,   dwelling   unit,   income,   and

employment  projections   for  Origi.n-Destl.nation   (0.   D.)   zones  within   the

Fayetteville  Transportation  Study  Area.     The  study  area  was   delimited

through  a  cooperative  agreement  by  federal,   state,   and  local   officials

in   1965,  which  delineated  an  area  for  the  purpose  of  data  collection  for

a  transportation  study.     The  urban  area  included  the  City  of  Fayette-

ville,   the  Town  of  Hope  Mills,   the   Fort   Bragg   Military   Reservation,   and

the   Town   of  Spri.ng   Lake.

1985   Po ulati.on   Projections

Population  Projections  were  based  on   a   combi.nati.on  of  past  popu-

lation  trends,   past  ratios  of  urban  area  population  to  county-wide

population,   past  ratios  of  planning  distri.ct  population  to   urban  area

population,   avai.lable  vacant  residential   land,   and  the  Land  Use  Policies

P 1 an . 1

During  the  first  stage  of  analysis,   linear  regression  was   used  to

project  population  on  the  county  level.     Regression  was   also  used  to

obtain  the  percent  of  county-wide  population  accounted  for  by  the   urban

area.     By  regressl.ng  this  percent  wl.th   time,   it  was   determined  that  the

urban  area  would  account  for  87  percent  of  the  county  populati.on  in

1985 .
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The  second  stage  i.nvolved  the  calculation  of  an  average  yearly

growth  rate  for  the  county  population  for  the  years   1977  to  1979.     This

rate  was   then  used  to  project  urban  population  on  a  yearly  basis.

The  final   stage  of  analysis   involved  the  use  of  rati.os   to  allocate

population  from  the  urban  area  to  each   planning  district,   and  from  each

planning  district  to  the  0.   D.   zones.

A  detailed  discussl.on  of  the  methodology  follows:

Step   I

Step   11

Step  Ill

Step   IV

Step  V

Step   VI

Step   VII

Population  data  were  obtained   for  1976,1977,   and   1978  at
the  0.   D.   zone,   planning  district,   and  census   tract
levels.     County  populati.on  data  was   available  for  the
above  years   plus   1980,1990,   and   2000   in   the   Cumberland
County  Joint  Plannl.ng  Board  Standard   Projectl.ons.

An  average  yearly  growth  rate  was  calculated   for  the   time
period  1977-1979  at  the  county  level   through  analysi.s  of
the  data   in  Step  I.

The  derived  growth  rate/year  was   used  to  obtain   a   popu-
1ati.on   projection   for   1985   using   1977  as   the  base  year.
This  was   Performed  at  the   planni.ng  distri.ct  and  0.   D.
zone   levels.     Thi.s  also   rendered  an  urban  area  populati.on
projection  for  1985.

Linear  regressi.on  was   performed  on  the  Standard  Projec-
tions  to  obtain   a   1985  county-wi.de  py`ojecti.on.

A  ratio  of  urban   population  to  county  populati.on  was
derived  for  1976,1977,   and   1978.      These  rati.os  were  then
used  to  project  the  1985  urban  area  populati.on  to  county
population   ratio  through  si.mple   li.near  regressi.on.

A  second  urban  area   population  projecti.on  was   obtained  by
multiplying  the  ratio  found   in   Step  V  by  the  county-wide
population   projection   for   1985   found   1.n   Step   IV.

The  two  1985  population   projecti.ons  for  the  urban  area
derived   in   Steps   Ill   and   VI  were  compared   and   found   to   be
statistically  si.gni.ficant  at  the   .011evel.
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Step   VIII Minor  adjustments  were  made  at  the  0.   D.   zone   level   based
on  Cormuni.ty  Development  Plans   for  revl.tall.zation,   the
Cumberland   County   Land   Use   Poll.cl.es   Plan,   and   the   Commer-
cl.al   Areas   Plan   for  Cumberland  County.2

1985   Dwelling   Unit   Projections

The   projection  of  dwelli.ng  uni.ts   for  the  study  area   i.nvolved   two

pri.mary  mathematical   procedures.     The  first  procedure  was   an  analysis  of

the  yearly  growth  rate.     The  compound   l.nterest  model   was   used  for  thi.s

stage  of  projectl.on  for  the  years   1970  through   1978  for  the  county.     The

deri.ved  growth  rate  was   then  used  to   project  urban  area  dwelling  uni.ts

usi.ng   1977   as   the   base  year.

The   second   projection   technique  was   trend   analysis   usi.ng   si.mple

11.near  regressi.on.     This  was   used   to  i.nterpolate   the  county  Standard

Projections.     The  resultant  dwelli.ng  uni.t  total   was   then  multiplied   by

87  percent   (the  degree  to  which  the  urban  area  accounted  for  the  total

county-wi.de  dwelling   units)   to  obtai.n   a   1985   urban  area   dwelling   unit

total.     This   number  was   then  compared   to  the   projection  derived  through

the   use   of  the  compound   i.nterest  model   and  was   found   to   be   numerically

equal .

Rati.os  were  used  to  allocate  dwelling   uni.ts   to   planning   districts

and  0.   D.   zones.      Vacant   land   aval-1abi.1i.ty  was   also   analyzed   during   the

allocati.on   process   to  l.nsure  suffl.cl.ent  space   for  additi.onal   dwelling

u n 1. t s .
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A  detailed  description  of  the  methodology  for  dwelling  uni.t  pro-

jections  follows:

Step   I

Step   11

Step  Ill

Step   IV

Step   V

Step   VI

Step   VII

Step   VIII

Step   IX

Step   X

Data  for  1976,1977,   and   1978  dwelling   unit  totals   by
planning  district,   census   tract,   and  0.   D.   zones  were
obtained   from  the   Cumberland   County  Joi.nt   Planning   Board.

A  yearly  dwelling  unit  growth  rate  was  calculated  for
each  planning  dl.stri.ct  for  the  years   1976  through   1978
and  also   1970  through   1978  period   using   a   compound   in-
terest  model .

The  above  growth  rates  were  used  to  project  a   1985
dwelling  unit  total   at  the  urban  area  level   by  projecti.ng
each  planning  distri.ct  separately  and  summing  these
totals  to  arrive  at  the  urban  ay`ea  total.

The   Cumberland  County   Joint  Planning   Board  Standard   Pro-
jections   found  in  Table  2  were   used  to   interpolate   a   1985
county-wide  dwelling   unit  projection.     Simple   linear
regression  was  performed  to  accomplish  this.

The  county-wl.de   projection  obtained   in  Step   IV  was   com-
pared  to  the  urban  area  total   obtai.ned  in  Step   Ill.     The
urban  area  was  found  to  account  for  87  percent  of  the
county-wide   housl.ng.

A  y`atio  of  urban   area   dwelling   units   to   the  county-wide
dwelling  unit  total   was   obtai.ned  for   1976   through   1978.

Linear  Regressi.on  was   performed  on  the  ratios  obtained  in
Step  VI   to  project  a   1985  ratio  between  urban   area  hous-
ing  and  county-wide   housi.ng.      This   ratio   col.nci.ded  with
the   1985  urban  area  population   to   1985  county-wide   popu-
lation  ratio.

A  ratio  of  the  1985  urban  area  housing  total   to  the  1985
county-wi.de  total  was   also  obtained  by  comparing  Steps
Ill   and   IV.     This  ratio  also  corresponded  with   ratio  l.n
Step  VII,   thus   validating  the  results.

Minor  adjustments  were  made   at  the  0.   D.   zone   level   based
on   Community   Development  plans,   current  bui.lding   trends,
and  available  vacant  land  zoned  resi.dential.

A  persons   per  household  total   was   calculated  as   follows:

1985   Urban   Area   Po ulati.on  total
1985  Urban  Area   dwelli.ng   unit   total
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TABLE   2

CUMBERLAND    COUNTY

JOINT   PLANNING   BOARD

STANDARD   PROJECTION   SERIES

Category 1980 1990 2000

CountyPopulat,'On
256 '036 309 ,360 353,555

County-wi deHousing
79,268 109 , 314 145 , 496

County  PerCapi.taIncome
6;249 9 ,405 12 '561

Fayettevi 11 ePerCapitaIncome

7 , 061 10 ,772 14,445

CountyEmployment
74,895 94,695 115,036
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1985   Mean   Famil Income

To  be  consistent  with  data   used   in  the  Cumberl.and  County  Joint

Planni.ng  Board  Standard  Projections   (Table  2)   data  were  converted  to

1977  dollars.     Also,   because  the  Standard  Projections  were   gi.ven  as   per

capita   1.ncome,   each  projection  had  to  be  multiplied  by  a  person   per

household  total   to  obtain  mean   family  income   for  the  county   in   1980  and

1990.

Interpolation  by  means  of  linear  regressi.on  was   performed  on  the

Standard  Projections   in  order  to  obtain  the   1985  county-wide  mean

family  I.ncome  total.     From  this   total,  yearly  growth   rates  were   computed

and  applied  to  the  planning  districts   and  0.   D.   zones.

An   in-depth  analysis  of  the  methodological   procedures   used  to

project  mean  family  income  for  the  urban  area  follows:

Step  I

Step   11

Step   Ill

Step   IV

1977  mean   family   income  totals  were  obtai.ned  for  all   0.
D.   zones,   census   tracts,   and  planning  di.stri.cts   I.n   the
urban   area   from  the   Cumberland  County  Joint  Planni.ng
Board.

The   Cumberland  County   Joint  Planning  Board  Standard
Projections  were  regy`essed  to  interpolate   1985  county-
wide  and  city-wide  per  capita  income  totals.

The  projected   1985  per  capita  income  figures   found  in
Step   11  were   converted  from  1976  to   1977  dollars   by
multiplying  both   by   1.06.3

Because  it  has  already  been  established  that  87  percent
of  the   1985   county-wide   housi.ng   and   population  was   ac-
counted  for  by  the  urban  area,   and  because   the  Standard
Projections   give  ci.ty-wide  and  county-wide   per  capita
income,   an   urban  area   per  capita   i.ncome  figure  was   devel-
oped  from  the  Standay`d  Projections   as   follows:
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Step   V

Step  VI

Step  VII

Step  VIII

(.87  x   1985  city-wide  per  capl.ta   income   total)

+

(.13  x   1985   county-wi.de   per  capita   income   total)

The   1985  urban  area  per  capi.ta  i.ncome  total ,   obtained   in
Step   IV   above,  was   converted   to  mean   family   income   by
multl.plying   per  capita   i.ncome  by   the   1985   urban   area
populatl.on   per  household  total   found   in  Step   X  of   1985
Dwelling  Unit  Projections.

A  ratio  between   1977   planning   dl.strict  mean   fami.1y  in-
come   and   1977   urban   area  mean   family   income  was   found   as
fol 1 ows :

1977   Plannin Di.strict  Mean   Fami.l Income
1977   Urban  Area   Mean   Fami.ly   Income

The   ratio   found   in   Step  VI   was   then   used   to  obtain   a   1985
planning   district  mean   fami.1y   income   fl.gure.      This  was
performed  as   follows:

1977   Planni.n Distri.ct   Mean   Fami.1 Income
1977   Urban   Area   Mean   Family   Income

X

1985   Urban   Area   Mean   Family   Income

The   same   procedure  was   used   in   calculating   each   0.   D.
zone  mean   fami.1y   income   for   1985.

1977   0.    D.    Zone   Mean   Famil Income
1977   Planning   Distri.ct   Mean   Fami.1y   Income

X

1985   Planni.ng   Di.strict  Mean   Family   Income

This  step  demonstrates   the  y`elationshi.p   of  each   0.   D.
zone   i.ncome  to   i.ts   correspondi.ng  planning  di.strict   total
income.     The   ratio  was   assumed   to  remal.n   constant  between
1977   and   1985.

1985   Em ment  Projecti.ons

Employment,   because  of  the  amount  and  nature  of  the  existing  data,

was   the  most  ti.me  consuming  and  most  diffi.cult  category  to   project.     A
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combination  of  regression   techniques,   ratio  analysl.s,   growth   rate  analy-

sis,   and  factoring  was   used  to  arri.ve  at  the   1985   projections.

The   six  employment  gt`oups   used   in   thi.s   study  are  as   follows:

GROUP    I

GROUP    11

GROUP    Ill

GROUP    IV

GROUP    V

GROUP    VI

-Agriculture,   mi.ni.ng,   construction,   manufac-
turl.ng,   transportation,   utilitl.es,   and   com-
municati.ons.

-Wholesale  and   retai.1   trade.

-Auto  dealers,   service  stations,   eating  and
dri.nking  establi.shments.

-Fi.nance,   insurance,   real   estate,   and   govern-
ment.

-Services.

-School.

Because  the  North  Carolina   Depay`tment  of  Transportation   and   the

North  Carolina   Employment  Security  Commission   categorize   government  and

school   employment   i.nto  dl.fferent  gy`oups,   Category  C  which   included

Groups   IV,   V,   and   school   employment  was   formed   to   include   both.      Thus,

by  formi.ng   a   new  category  to   include  Groups   IV   and  V  of  the   Employment

Security  Comml.ssion's   classi.fi.catl.on   system,   and   Groups   IV,   V,   and

school   employment  of  the  Department  of  Transportatl.on`s   classi.fication

system,   a  method  was  obtained   to  form  a   category  whi.ch   i.ncluded   the  same

employment  found   in   both   classl.fl.catl.on   systems.      School   employment   is

categori.zed   l.n   Group  V   of  the   Employment  Security  Commission's   classifi.-

cation  system.     This  new  category  was   then  used   to  obtai.n   a  ratio  be-

tween   it  and  the  total   county  employment  to  be  used  for  projecti.on

procedures.      (Refer  to  Table  3   for  Categorl.es  A   through   C.)
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TABLE   3

1977   EMPLOYMENT   SECURITY    COMMISSION

COUNTY    EMPLOYMENT    ESTIMATES

I

CATEGORY   A   I                         CATEGORY   a
1'

I                                          CATEGORY    C                                             I

*  These  estl.mates   are   given   by  Group   I,11,Ill,   IV,   and  V,   and   also
by     categories  which  ay`e   combinatl.ons   of  groups.
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TABLE   4

1977   PLANNING   BOARD   ESTIMATES

FOR   THE    URBAN   AREA

'1

CATEGORY    A   I                       CATEGORY    B                         I                                      CATEGORY    C                                                I

*  This   table  depicts   the  percent  of  1977  county  employment  accounted
for  by  the  urban  area  employment  for  each  group.
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TABLE   5

1977    PERCENT   COUNTY    EMPLOYMENT

ACCOUNTED    FOR   BY   THE   URBAN   AREA

*  This   table  shows   the  relationshl.p  between   1977  county  employment  and
the  percent  to  which  these  categories  were  accounted  for  by  the  urban
aY`ea .
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TABLE   6

1985   COUNTY   ESTIMATES    BASED   0N
THE    EMPLOYMENT    SECURITY    COMMISSION

*These   estl.mates   are   gl.ven   by  groups   and   previously  defined
combinations   of  groups.
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TABLE   7

1985    PLANNING   BOARD   ESTIMATES   FOR   URBAN   AREA

*Thi.s   table   shows   the   1985   Planni.ng   Board   estimates   for   the   Urban  Area,
and  also   the  percent  of  Category  C  accounted  for  by  Groups   IV,   V,   and
School .
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Because  of  the  nature  of  traffic  generation  and  attraction  charac-

teristics,   all   Fort  Bragg  employment  was   listed  under  Group  V,  j±g±  Group

IV   employment.

Following   is  a  detailed  breakdown  of  steps   taken  to  analyze  cur-

rent,  and  project  future,  employment:

Step  I

Step   11

Step  Ill

Step   IV

Step  V

*  Note:

Step  VI

County-wi.de  employment  figures   by  group  were  obtained  for
the  years   1970  to   1978  from  the  North  Carolina   Employment
Security  Commissi.on.4     These  fi.gures  were  gi.ven   in   the
form  of  yearly  averages.     Adjustments   had   to  be  made  with
respect  to  the  varl.ous   types   of  employment   included   1.n
the  six  groups  described   i.n   the  text.     Groups   11   and   Ill
were   combi.ned   to   form  Category  8;   Groups   IV,   V,   and
school   combined   to  form  Category  C.

The  Cumberland  County  Jol.nt   Plannl.ng   Board   Standard
Projections   provi.ded  projected  county-wi.de  employment  for
1980,   1990,   and  2000.     Li.near  regressi.on  was   performed   to
I.nterpolate  the   1985  county-wide  employment  total .

Li.near  regression  was   performed  on  the  new  categories  de-
scri.bed   i.n  Step   I   above  for  the  years   1970,   1974,   and
1978  to  arri.ve  at  a   1985  county-wi.de  projection  for  each
group.     Fort  Bragg  employment  was   factored  out  during
this  stage.

The  projected  employment  for  each  category  l.n  Step   Ill
above  was   then  summed  to  produce  an  aggregate  total   for
1985   county-wide   employment.

The  county-wi.de  employment  projections  obtai.ned   in   Steps
11   and   Ill   above  were  compared  and  found  to  be  si.gni.fi-
cant  at  the   .02  confi.dence  level .

The  remai.ning  steps  allocate  the  projected  county-wide
employment  to  each   pay`ti.cular  planning   distri.ct  and  0.   D.
zone.     Refer  to  Tables   3  through  9   for  Steps  VI   through
XIX.

Below  are  the  groupings   of  employment  into   three  major
categories.     The  percent'  of  1977   county-wide  employment
accounted   for  by  the   following  was  determi.ned:
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TABLE   8

1985-2005
Incy`ease   in   Employment

Actual   and  Percent  of  Total

TABLE   9

1985-2005
1/2   Employment   Increase

by   Group

I 11 Ill IV V School

4461 2,966 1879 1305 3757 1285
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Step   VII

Step  VIII

Step   IX

Step   X

Step   XI

Step   XII

Step   XIII

a)        Groupl
b)        Groups   11   and   Ill   combined
c)         Groups   IV,   V,   and   school   combi.ned

The  percent  of  Category  8,   at  the  county  level ,  accounted
for  by  the  Group   11   employment,   for  the  year   1977  was
calculated.     This   also  provi.ded   the  Group   Ill   percentage.

The  percent  of  county  employment  accounted   for  by  the
urban  area  was  calculated  for  all   three  categories  as
f ol 1 ows :

a)        The   ratio   between  Group   11   urban   area  employment   to
Category  8   (Group   I   and   Group   11   employment)   employ-
ment  at  county   level   for   1977  was   calculated.

b)        The  rati.o  between   Group   Ill   urban   area   employment   i.n
1977   to  Category  8   employment  at  the  county  level
for  1977  was  calculated.

a)        The   ratl.o   between   1977   Group   IV   uy`ban   area   employ-
ment  and   1977   county-wide   employment   for  Category  C
(Groups   IV,   V,   and   school)   was   calculated.

b)        The   ratio  between   1977   Group  V   urban   area   employment
and   1977   county-wide  employment  for  Category  C  was
cal cul ated .

c)        The   ratl.o  between   1977   urban   area   school   employment
and   1977   county-wide  employment   for  Category  C  was
cal cul ated .

By  regy`essi.ng  the   ratio  of  urban  area  employment  to
county-wide  employment  for  the  years   1970   through   1978  1.t
was   found   that  90  percent  of  1985  county-wide  employment
was   accounted  for  by  the   1985   urban  area.     Thus,   urban
area   total   employment  was  obtained  by  multi.plying   the
result  of  Step   11   by   .90.

The   1985   county-wide  employment  for  Category  C  was   calcu-
lated.     This  was   obtained  by  summing   the   percentages
found   in   Steps   Ixa,   Ixb,   and   IXc   and  multi.plying   that   sum
by   the   1985   projected   county  employment   found   in   Step   11.

The   1985   urban   area   employment   for  Group   IV  was   obtai.ned
by  multiplyl.ng   the   1985   county-wide  Group   IV   employment
by  Step   Ixa.

The   1985   urban   area   employment   for  Group   V  was   obtained
by  multiplyl.ng   the   1985   county-wide   Group   V   employment  by
Step   Ixb.
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Step   XIV

Step   XV

Step   XVI

Step   XVII

Step   XVIII

Step   XIX

The   1985  urban  area  employment  for  school   was  obtained  by
multiplying   the   1985   county-wide   school   employment  by
Step   IXc.

Thus,   Step  X  +  Step   XI   +  Step   XII  yielded   the  same  per-
centage  as   Step   Ixa  +   Ixb  +   IXc.

The  ratio  between   1977  planning  distri.ct  employment
totals  to   1977  urban  area  employment  totals   for  each
group  was   calculated  as   follows:

1977   Plannin District   I   Em ment  for  Grou
1977   Urban   Area   Employment

The  above   ratio  was   used   to   obtain   1985   planni.ng   disty`ict
total .

i..e. ,   Step   XV   x   1985   urban   area   total

Once   the   1985  employment  totals   for  each   group  were
calculated  at  the  urban  area   level   for  each   planni.ng
district,   the  growth  rate  for  each  planning  district
between   1977   and   1985  was   computed   and   found   to   be
1.2:R,I yy' .

The  growth   rate  obtained   in  Step   XVII  was   used   to   obtain
projected  employment  at  the  0.   D.   zone   level,   i.e.,   the
1977   0.   D.   zone   employment   for  each   group  was   multi.plied
by  a   growth   rate  of   1.28/yr.      Fort  By`agg  was   then   readded
to  planning  dl.strict  lob.

Minor  adjustments  were  made  based  on   vacant  land  avail-
ability  and  general   land  use  famili.arity  within  the   urban
area.
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POPULATION   AND    DWELLING    UNIT    PROJECTIONS    FOR    2005

As  a  first  stage,  vacant  residential   land  was   tabulated  for  the

urban  area  on   the  planning  distri.ct  and  0.   D.   zone  level.      Residenti.al

acreage  was   used  to  support  the   1985   housi.ng   projections   and  was   sub-

tracted  from  the  total   vacant  land  to  obtai.n  net  available  residenti.al

land   for  2005.

The  second  stage  of  analysis,   actual   extrapolati.on,  was   performed

on   the  Standard  Projections   usi.ng  simple   linear  regression  and  a   com-

pound   interest  model   based  on  yearly  growth  rates.     Through  regression

and  annual   trend  analysis,   1.t  was   found   that  the  2005   urban  area  would

account  for  approximately  85  percent  of  the  total   county  populati.on.

Hence.   a  county  projection  was   obtained   for  populati.on  and   housing  and

subsequently  multiplied  by   .85,   resulti.ng  i.n   an   urban  area   projection

for  population   and  dwelling  units.

The   third  stage   involved  allocati.on   procedures   usi.ng   a  simple   rati.o

method  of  comparison  between  dwelling  uni.t  totals   for  each   planni.ng

di.strict   i.n   1985  and  the  urban   ay`ea  for  that  same  year.     This   rati.o  was

then  applied  to  the  2005  urban  area  total   to  achieve  2005  planning

di.strict  totals.     The  same  method  of  ratio  analysis  was   performed  on

each  0.   D.   zone   in   comparison  wi.th   subsequent   planning   di.stricts   i.n

which   they  were   located.     Also,   bui.ldi.ng   permit  trends  were  analyzed   and

used   as   a   guideli.ne   i.n   thi.s   allocatl.on   process.

-35-



A  detai.led,   step-by-step  outli.ne  of  the  projection  and  allocation

methodology  for  2005   populati.on  and   dwelling   units   follows:

Step  I

Step   11

Step   Ill

Step   IV

Step   V

Step   VI

Step   VII

Step  VIII

Step   IX

Step   X

Vacant   land  was   tabulated   by  0.   D.   zone.

Regression  was   performed   on   the  Cumberland   County  Joint
Plannl.ng  Board  Standard  Projections   to  obtain   the  2005
county-wl.de  dwelling   unl.t   projecti.on.      Fort  Bragg  was
held   constant   fy`om   1985   through   2005.

Population   per  household  obtained   through   the  Cumberland
County  Jol.nt  Planning   Board   Standard   Projections  was
regressed  foy`  the  years   1980  through  2000  and  projected
to  be  2.44   in   the  year  2005.

The   2005   county-wide  dwelll.ng   uni.t  projection  was  multi-
pll.ed  by  85   percent  to  obtai.n   the  2005  urban  area  dwel-
ling  unit  total .

From  the   1985  and  2005  urban   area   totals,   a   gy`owth   rate
using   the   compound   i.nterest  model   was   establi.shed.

The  growth   rate/year  found   i.n   Step  V  was   used   to  derive
the   2005  0.   D.   zone   dwelli.ng   unit   projectl.ons   usi.ng   1985
as  the  base  year.

The   C.H.N.M.B.   Plan   for   proposed   downtown   revitalization
was   used   to  allocate  additional   housing   to   Planning
District   1.5

Total   growth   between   1977   and   1985  was   calculated   at   the
plannl.ng  district  level.     Based   on   this   growth,   quartiles
were  established  and  each   planni.ng  district  was   placed
into   the   appropriate  quarti.le:      I     0-25°/a;   11     25-50%;   Ill
50-75%;    IV      over   75%.

Analysis   of  bui.lding  trends,   total   growth   found   I.n   Step
VIII,   and  avai.lable  residenti.al   acreage  was   performed  at
the  0.   D.   zone  level.     This   resulted   in  a   reallocati.on  of
the  base   figures   found   i.n   Step   VI.

Note:      It   is   of  utmost   l.mportance   to   project  dwelling
units   and   populati.on   I.n   conjuncti.on  wi.th   one   another  due
to  the  fact  that  mani.pulation  of  one  category  has   a
di.rect  effect  on  the  other.

2005   dwelling   unit  totals  were  establi.shed   for  each  0.   D.
zone   as   dl.scussed  earlier.
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Step   XI

Step   XII

Step   XIII

Step   XIV

Step   XV

Step   XVI

2005  county-wi.de  populati.on  was   projected   based  on   the
Cumberland  County  Joint  Planning   Board  Sta.ndard   Projec-
tions.     Fort  Bragg  population  was   factored  out  and  held
constant.     Thi.s  yielded  a  county-wide  2005   population  of
366 ,919 .

Because  the  population  of  Fort  Bragg  was   used   in   the  base
year  of  the  Joint  Planning  Board  Standard  Projections,   it
was  deemed  necessary  to  calculate  the  growth   rate  used   in
the  Standard   Projections   between   1985-2005  and  determine,
from  1985  base  data,   the  amount  Fort  Bragg   grew  and
subtract  that  total   from  the  2005  projections.

By  regressing  the  y`atio  between   county-wide   population
and  urban  area  populati.on  for  the  years   1980  through
2000,   l.t  was   found  that  85.5  percent  of  the  2005  county-
wi.de  population  would  be  accounted   for  by  the  urban  area,
hence  the  2005  urban  area   population  was   found   by  multi.-
plyi.ng   the  new  2005  county-wi.de   population   projection  by
. 855 .

It  was   found   that  persons   per  household   should  approxi.-
mately  equal   2.4.     By  dividing   projected   2005   population
by  2005  dwelling   uni.ts,   derived   in   Step   Ill   above,   a
person   per  household  figure  of  2.44  was   obtai.ned,   thus
verifyl.ng  the  fi.gure  found  by  li.near  regression.

Through  use  of  the  compound   interest  model ,   a  growth
rate/year  was  calculated  based  on   the  urban  area  popu-
1ati.on   1.n   1985  and  2005.     This   rate  was   then   used   to
compute   planning   distri.ct  and  0.   D.   zone   populati.on  base
fi.gures   for  2005.     Only   those  0.   D.   zones  which   increased
in   dwelling   uni.ts  wey`e   shown   to   increase   in   population.

Duri.ng  the  preceedi.ng  steps,   group  quarters   population
was   held  constant.

Due  to  the  fact  that  in  several   planni.ng  districts   the
housing  growth   far  exceeded   population   growth.   and   i.n
many  di.stri.cts,   projected  population  far  exceeded  avai.1-
able  acreage  for  housing,   adjustments  were  made  based  on
analysl.s  of  building  and  relocation   trends.

Mean   Famil Income Projecti.ons  for  2005

Projecti.ons   for  mean   family   income  were   performed   in   the  same

fashion  as  the   1985   projections  for  thi.s  category.     The  main   variation

1.n   procedure  was   the  ranking  of  all   planni.ng  distri.cts   by  quartiles,
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based  on  relative  wealth   in  relati.on  to  all   other  planning  distri.cts   in

the  study  area.     These  quarti.1es  were  used  as  a  basis   to  rank  added

dwelling   units   between   1985   and   2005   according   to   income.     This   pro-

cedure  would   then   take  the  additi.onal   dwelli.ng  unit   income  into   con-

sideration  when   computing   the  overall   planning   district  mean.     Planning

distri.cts  were  again   analyzed   to  determi.ne  1.f  the  added  dwelling   units

affected   the  planning  district  overall   mean.

A  detai.led   descrl.ptl.on  of  the  methodology  for  2005  mean   fami.1y

income   follows:

Step   I

Step   11

Step   Ill

Step   IV

The  Cumberland   County  Joint   Planning   Board   Standard
Projectl.ons  were  converted   from  1976   to   1977   dollars   to
be  consistent  with   the   1985   projections.     This  was   accom-
pli.shed  by  multiplying   the  Standard  Projecti.ons   for  per
capi.ta   income   by   1.06.

Because  the  Standard  Projectl.ons   give   per  capl.ta   income
by  city  and  county,  one  total   fi.gure  for  the  urban  area
must  be  determined.      Because   the   2005   urban   area  was
considered  85.5  percent  ci.ty  and   14.5  percent  county,   the
following   procedure  was   perfoy`med   to  obtain   the  urban
area   per  capi.ta   i.ncome:

(.145   x   2005   county   per   capl.ta   income)

+

(.855   x   2005   ci.ty  per  capita   income)

Thi.s   procedure  was   performed  for  all   the  years  given   in
the  Standard  Projectl.ons.     Li.near  regressi.on  was   then
performed  to  yl.eld   the  2005   per  capl.ta   l.ncome  fl.gure  for
the  urban  area   in   1977  dollars.

The  Standard   Projections,   gi.ven   in   the  form  of  per   capl.ta
income,   were   converted   to  mean   faml.1y   1.ncome   by  multi-
plying  them  by  a  factor  of  2.44   persons   per  household.

A   growth   rate  between   1985   and  2005  was   calculated  at  the
urban  area   level.
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Step  V

Step  VI

Step  VII

This   growth   rate  was   applied   on   the   1985   planning  di.s-
trict  and  0.   D.   zone   level   to  achieve   the  2005   planning
district  and  zonal   mean   family  income.

Quartiles  of  2005  urban  area  mean   family   income  were   then
computed  and   each  0.   D.   zone   and   planning  di.strict   ranked
accordi.ng  to  relative  wealth  of  each  zone  and  di.strict  to
the  others.     These  quartiles  were  then  used   to  rank  added
dwelling   units   between   1985   and   2005.      In   many   1.nstances,
the  new  housing  was   assumed   to   rank   in   a   higher  quartile
than   the   existing  dwelling   units.      New  housing  was   then
classified  as   a  higher  rank  on  the  quartile  scale.

Planning  districts  were  once  again  analyzed  to  determi.ne
i.f  the  added  households  affected  the  district  mean  family
income  total ;   thi.s  was   then  recorded.

Employment  Projections   for  2005

Employment  projecti.ons  for  the  2005   transportatl.on  study  area  were

based  on  a  combinatl.on  of  past  employment  trends,   projected   labor  force

growth,   avai.Table   commercial   and   i.ndustri.al   land,   and   the   Land   Use

Policies   Plan.     Employment  was  divi.ded   i.nto  six  categories,   as   deter-

mined  by  the  North  Caroli.na  State  Department  of  Transportation   Planning

and  Research  Branch,   and  are  listed   i.n  Chapter   I.

The  following   l.s   projection   and  allocati.on   processes   for  2005

employment.

Step   I

Step   11

Employment  was   regressed  against   time   using   the   Cumber-
1and  County  Joint  Planni.ng  Board  Standard   Projecti.ons   for
1980,1990,   2000,   and   the   1985   projecti.ons   l.ncluded   1.n
this  report.     Fort  Bragg  was  factored  out  of  these  Stan-
dard  Projections  and  held  constant  at  the   1985  estimate.
Thi.s  yielded   a   2005   county  employment   total.

It  was  assumed  that  85   percent  of  the  county  populatl.on
would  be  accounted  for  by  the  urban  area.     Thus,   the  pro-
jected   county  employment,   obtai.ned   in   Step   I,   was   multi.-
plied  by  85  percent.
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Step  Ill

Step   IV

Step   V

Step   VI

The   following
remaining   1/2

Step   V.II

Step   VIII

Total   employment   increase  between   1985   and  2005  was
computed.

The  amount  of  the  total   employment  increase  between   1985
and   2005   in  each   particular  group,I,11,Ill,   IV,   V,   or
school,  was   computed.     This  was   calculated  by   findi.ng   the
percentage  of  total   employment  each  group  accounted  for
in   1985  and  applying  this   same  percentage   for  2005.      In
effect,   the  y`ati.o  of  group  employment  to  total   employment
was   held  constant  from  1985  to  2005.

Note:     Procedure  for  Allocating   1/2   Employment  Growth.

One-half  of  total  grg±±p.  increase  was   allocated  to  plan-
ni.ng  distrl.cts.     The  percentage  each  planning  district
represented  of  total   urban  area  group  employment  in   1985
was   determined.     This   percentage  was   used  to  obtain  group
employment  at  the  planning   disty`ict   level ,   i.e. ,   Planning
Di.strict  1  accounted  for  28  percent  of  Group   I   employment
i.n   1985.     Multiply  the  total   2005  Group   I   urban   area
employment  by  28  percent   to  obtal.n   2005   Group   I   employ-
ment  for  Planning   D1.strict   1.

The  percent  each  0.   D.   zone   comprised  of  total   planning
district  employment  by  group   for   1985  was   derived.     This
same  percentage  was   used   to  allocate   2005  0.   D.   zone
group  employment  from  planning  district  total,   i.e.,   0.
D.   Zone   1  accounted  for  two  percent  of  the  Group   I
employment  for  Planning   District   1   in   1985,   thus   multi.-
plying   the  2005   Group   I   employment   for  Planni.ng   District
1  by  two  percent.

steps  outline  the  procedure  used  for  allocating  the
of  employment  by  group.

To   allocate   y`emai.ning   Group   I   employment,   the   Cumberland
County  Joint  Planni.ng   Board   Industrial   Areas   Plan  was
utilized  to  obtain  future  industri.al   locations.6     The
ratio  of  seven  employees/acre  was   used  when  allocating
number  of  employees   to  each  0.   D.   zone.     Also,   the  vacant
land  tabulation  was   utilized   in  decidi.ng  where  the  most
available  appropriately  zoned  acreage  was   located.

The   Cumberland  County  Joi.nt   Planning   Board   Commerci.al
Areas   Plan  was   utilized  i.n   pinpoi.nting   future   Group   11
and   Group   Ill   employment.      This   Plan   specified  minimum
site  acreage  for  specific  types  of  commerci.al   develop-
ment,   as  well   as   defineable   locati.ons   for  future   com-
mercial   establishments.     Also,   a  study  by  the  consulting
firm  of  Hammer,   Siler,   George  Assocl.ates  was   utilized   in
obtaining  an  employee/acre   ratio  used  in  the  allocation
pT`ocess
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Step   IX

Step   X

Step   XI

Step   XII

Step   XIII

Several   sources  were  used   in   the  Group   IV   and   Group  V
allocation   process.      Fi.fty  percent  of  the  remai.ning  Group
IV   and   Group  V   employees  were   distributed   i.n   Planning
Di.strict   1   as   recommended  by  the   Downtown   Fayettevi.lle
1975/2000   Plan.8     Through   detailed   analysi.s   of  this   Plan,
it  was   found   that   131   employees/acre   should   be  used   i.n
allocati.ng  office  employment   to  0.   D.   zones.

The   50   percent   remaining   Group   IV   and   Gy`oup   V   employees
were  allocated  to  Planni.ng  Di.stricts   2   through   10   by
means  of  a  ratio  method.     The  percentage  of  total   popu-
latl.on   growth   between   1985   and   2005   that  each   plannl.ng
di.stri.ct  accounted  for  was   computed.     Thi.s   percentage  was
then   used   to  allocate   remai.ning   employees.      Hence,   the
remai.nl.ng  employment  was   allocated   according   to   each
planni.ng  dl.strict's   relative  population   l.ncrease  as   shown
i.n   Table   10.     A   ratio   of   112   employees/acre  was   used   1.n
the  allocation   process.     This  was   determi.ned   through
analysl.s  of  the   Downtown   Fayetteville  Plan   and   the   Land
Use   Policl.es   Plan.

The  final   steps   for  employment  projections   dealt  with
allocating   school   employment.      The   Fayettevi.lle   Downtown
Plan   called   for  a  Meeting   and   Educati.on  Center  to   be
located   in   Planning   Di.strict   1.      Thi.s   accounted   for  80
employees  of  a  total   of  1,285  to  be  allocated   throughout
the  study  area.

The   Land  Use  Poll.cies   Plan   speci.fi.es   crl.teri.a   for   publi.c
and   pri.vate  school   locati.on.

Each   planni.ng  di.stri.ct  was   ranked   accordi.ng   to   relati.ve
population   1.ncrease  wi.th   respect  to  all   other  planning
distri.cts.     The   three  most  burgeonl.ng   Planning   Di.strl.cts,
3,  4,   and  9,  whi.ch   together  account  for  63   percent  of  the
total   population   increase,   y`eceived  one  elementary
school,   one   junl.or   hi.gh   school,   and   one   high   school.      One
elementary  school   was   added   to   the   remaining   six   plannl.ng
districts  with   the   exception   of  Planning  Di.stri.ct  6,
which   received   one  junior  hi.gh   school   and   one   elementary
school.     Analysis   of  current  employees/school   throughout
the  urban  area  yielded   the  following:

50  employees   per  elementary  school
75   employees   per  junior   high   school

100   employees   per   high   school

Lastly,   analysi.s  of  future  transportation  construction,
i..e.,   Interstate  95  and  correspondl.ng   interchanges,  was
used   i.n   the  employment  allocation   process.
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TABLE    10

2005
Employment  Al location
by   Planning   Distrl.ct

Total
Planning     Populatl.on     Group   IV        Allo-
District       Increase
27.8

321

426

56.7

6                          10.5

73.0

81.5

9                          15.7

10a                         7.8

Employees      cati.on

652                    51

652                 135

652                 170

652                   44

652                  68

652                    21

652                    10

652                  102

652                    51
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yo
Populati.on        Group   v

Increase        Employees

7.8                   1878

21                         1878

26                        1878

6.7                   1878

10.5                    1878

3.0                   1878

1.5                    1878

15.7                    1878

7.8                   1878

Total
Al lo-
cat1'on

147

394

488

126

197

56

28

295

147
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CHAPTER   Ill

FINDINGS   AND    CONCLUSION

A   final   projection   for   1985   population,   dwelli.ng   unit,   income   and

employment  by  planning   distri.ct   and  0.   D.   zone   i.s   shown   in   Appendix  A.

The   last   line   i.n   this   table  gives  a   total   urban  area  composi.te  sum  for

each  category.     The  2005   projecti.ons   for  each  category  by  planning

di.strict   and   0.   D.   zone   are   found   in   Appendix   8.      Also   found   i.n   thi.s

table   is  a   summary  for  the  Urban  Area   in   each   of  the   four  categories.

The   foregoing   hypothesis   (page   15)   was   veri.fi.ed   i.n   two  of  the   four

categorl.es.     A  correlation  coefficient  (r),   the  measure  of  strength  of

direct  relationshl.p  between  two  vari.ables,   and  a  coefficient  of  deter-

minati.on   (R2),   the   variance  explained  by  the   regressl.on   line,  was   found

for  eight  compari.sons.

To  verify  the  reliability  of  the  regression  equati.on  used   to  pro-

ject   1985   and   2005   populati.on,   a   comparision  was  made   between   the   actual

populatl.on   for   1977,1978,   and   1979,   and   the   projected   1985   and   2005

populati.on.     Table   11   reveals   the   r  and   R2   value  of  each   relati.onshi.p

when   the  actual   urban  area  population  of  a   particular  year   (or  combi.-

nati.on   of  years)   i.s   used   in   the  regression   equatl.on.     For  example,   the

1977   actual   Urban  Area   populati.on   of  208,906  when   used   in   the   regy`ession

equati.on  yields   the   projected  urban  area   population  of  246,246   for   1985,

and   312,385   for  2005,   wi.th   r  of   .9965   and   an   R2   of   .9930.      Observati.on

of  thi.s   table  qui.ckly  reveals   the  extraordi.navy  amount  of  vari.ance

explained  by  the  regressl.on  equ:#n   i.n  all   the  comparisons  made.



TABLE    11

Results   of  Regression  Analysis

Populatl'on r R2

1977   Actual    (208,906)

.9965 .99301985   Projected   (246,246)
2005   Projected   (312,385)

1978   Actual    (226,213)

.9996 .9991
1985   Projected   (246,246)
2005   Projected   (312.385)

1979   Actual    (228.318)

. 9998 .99971985   Projected   (246,246)
2005   Projected   (312,385)

1977   Actual    (208.906)

.9906 .9814
i:;!  A::::i   (:i8:3!3)
1985   Projected   (246,246)
2005   Projected   (312,385)

Dwelling   Units r R2

1977   Actual    (66,598)

.9965 .99301985   Projected   (79,364)
2005   Proj-ected   (128,217)

1978   Actual    (67,951)

.9979 .99461985   Projected   (79,364)
2005   Projected   (128,217)

1979   Actual    (69,491)

.9979 .99581985   Projected   (79,364)
2005   Projected   (128,217)

1977   Actual    (66,598)

.9946 . 9892

1978   Actual    (67,951)
1979   Actual    (69,491)
1985   Projected   (79,364)
2005   Projected   (128,217)
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The   same  comparisons  were  also  made  usi.ng   total   yearly  urban   area

dwelling  unit  totals.     After  numerous  steps  and  adjustments  to  the

ori.gi.nal   base  data  by  means  of  ratio  allocati.on  methods,   vacant  land

avai.lability,   and   compound   interest  techniques,   Table   11   reveals   the

strong  R2   values   in  each  of  the  regression  equations,   the  lowest  R2

value   being   .9892.

Due  to  the   fact  that  income  and  employment  data  are  not  computed

for  the  Urban  Area  except  during  the  censal  year,  verification  of

vali.dity  for  these  two  categories  cannot  be  performed  at  this   time.

However,   the   foregoing  hypothesis  has  been   substantiated   through  the  use

of  vari.ous  elementary  stati.stical   techniques  which  compare   projected  and

estimated  data  with  actual   data.

The   purpose  of  this   thesis  was   to  devise  a  methodology  which   could

be  used   to  project  population  and  economic  vari.ables   on  a   small   scale

usi.ng   limited   hi.stori.c  data  given  on  a  larger  scale.     This  was   shown   to

be   possi.ble  as  well   as   reli.able.     Due  to  the  nature  of  projection   into

the  future,  only  time  can  validate  the  results  of  thi.s  study.     It  i.s  ex-

pected  that  this  methodology  can  be  adapted   to  other  regions  with

little  difficulty,  and  that  the  thoroughfare  planning  process  can  be

expedi.ted   through   the  use  of  these  methods  of  population  and  economi.c

projecti.on  techniques.
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APPENDIX   A

1985   PROJECTIONS
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