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ROAD SUPPLY AND TRAFFIC IN CALIFORNIA URBAN AREAS 

MARK HANSEN and YUANLIN HUANG 

1. INTROWCTION 

‘The i d u  of ‘building OUI way out’ of urban ir& wngwtion proMcnu has k n  daisively ie@- 
ted in ihc United Suter, ùotb by the transportaiion community and the public a1 luge. U g  
in tbc & 1970s. OUI s&ty h u  ULCned away from urban road w n s i d o n  as a iraerportation 
improvcwnt rtratcgy. In Wifornû, the focUr of this papcr, sute highway ianeaiik (SHLM) 
yowih a m g e d  2.2% annually from 1963 IO 1974. but slumped to 0.3% in ih t&eol\n to 
1990. The multing sysicm includcr Lu than hall of the lZo00 miiu of îimited o~oess roadways 
avisioncd in the 1958 C a l i f o h  Division of Highways Frcmay plan (Cslifoniia Division of 
Highways, 1958). 

ïhis poücy shift hpr a vDncîy of causes. inciuding dimimshed ibanm, i d  environmental 
w ~ m s ,  and grm s~~puppori for daMndoricnred sîratcgics for improving.tdic BOW (re~ 
Joncs, 1989 for a wgcnt politicpl anaiysis). An additional factor wa.~ ik c h x m ~ ~  suspiaon that 
urban road impr-en& by cncouragine sprpwl and discouraging transi1 use, pnented IIM 
tratTic and thercby undennid their bencfir in rtduciiig congestion. 

Tbe wmrn of thu paper ir with thu iattcr point. The ieiaiioasùip botwecn road supply and 
road WF ir cruad to thc apprairal of urban road coectnrtion prognmr. if the cRaî u rtmg, 
urban road consvunion bbcomg vuy hnrd (O justify m l i t  of in cnormbus cost. mirginil con- 
&on duction kacfit, and probabk advcrsc avironmental and encrgy consequaas. On the 
o k  band, if the dfccî is more rnodcst, thcn urban rond construction, whüc rtill CXPCUSIW, CO& 
yidd h b l e  mobility. air quality, and c ~ g y  cffiamcy knditr. 

Tbe ancrgaict of IICW iccboolo&a t h t  a p m d  road mpacity inthout addia8 hnc-miles 
hcightcns the nccd for undentandhg the nlationrhip bcFvten road cnpacity and tr&. Dcuiions 
on ùotb tbe dcvclopment and ihc dcploVmmt of such tabnologicr requin infornution on their 
probable traîüc gmaation conscqumcc~. 

Not rwprisingiy, the u k n t  to which ‘rouis gwaatc tnffic‘ U a matter of s h u p  diragr-1 
bcmen ddeodvr and oppona~tr of the autmobii&igbway s y s m  Highway intcnsu arguc 
tbat traiTic growîh is d r i v a  by ownomic nad dcmoorpphic factors, and vinr duisioiu about rold 
mpply in tams of how to bat ~ c c o ~ t c  O ûxed mount of d e m d  Oppancnts nnphisizz ibe 
varidy of mechaniisms by whicb addins ma& mn grnerate new &a&. For example, Mo&dg 
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(1985) arped that adding rond eapacity muld indua a modc 3hiR from transit sufRdmt t O  
actually worxn wngcsîion. More &ncraUy, tbc phiosophy of many highway opponmu is 
ruccinctly rcitcd by a Los Angeles wakr superintcndcnt: "If you don? get thc water, yOU wont 
necd it*' (Sierra Club, 1982). 

Whik the lruisportation planniog litUrturc contailu much much thnt bean on thir qUKtiOn, 
if la& a sron# Eonscnius. Tbe conventid Wjdom is thar adding rond a@ty gcncntes some 
tm5ic, and prnvidcs KM~C mgcation rciicf. This is the outcomc pndicîcd at thc individuai link 
l d  by clPUical traffic assignmmt modelr (W'ardrop, 1952), and at the nstwork lclr~l by extc&oM 
of rush models (ShcfG, 1985) that cndogenizc trip gcnçration, trip distribution, and mode d i o h  
dccisioas Thcrc 4 howeva, littic agreaaent about the relative magnitude of Ihe t d c  generation 
and wngation reduuion effccta. 
'Mi papa rttanpu to qurntify the nlptionship bctwfm highway a & t y  and troffic on an 

rn kvcl. To do thy, rn ntimate rtatirtial irlatioastips b r t w m  the suppiU of date highwafl. 
m u d  in lm-miles (SHLM). and whidc-mikr travekd (VMT). uring data for a panel of 
California urbm awaüer covaing the yeur 1973 10 1990. The rrsulting macroswpic modcis have 
the advmtage of impkitly uwkting for nll the various mecbuiimir-lnndusc ch-. Cnp 
gcncration, mode shin. etc.-by which idiù geacration cm DOEUT. On the 0th hsod ihe 
macrooMpic approacb canot  rdinbly scatam ' the tnf& gcnemtion eûccu of any individual 
project. Ratba, it is intendcd to caphm the central tendcacy of tbis cücct for a large colkctton of 
projcm. 

A novd aspect of this rescprcb is the use of panel dnm-time Ma obvrvationr for a set 
of urbm MU This yiids scvml mjor kocnu. Firaî, wc contml for (L host of region- and timf- 
s p d k  variable by imrporating thcm 10 fixcd cffccts. Saond, we rcducc tbc problap of sinul- 
Unrity b i s ,  II elabontcd klow. Third, we use the time dimeniion in OUI data set 10 invmtigak 
the dynamic rrrponsc of VMT to changer in rord ruppiy. 

Wc fociu pmninly on VMT on su11 highways, PI oppoxd to îhat on 1 4  roads and sW, 
becnuse molc 10d ktter dam UF awilabk for ihir variable. State bighmyr accouIIt for about 
50% of the toul YMT in California. Using ümited cvidencc, wc also addnu the relationship 
bctvcen -te highwy supply and lotai VMT. 
Thc rtmaiada of Ih* papa ii  orgpnind as foüorw. Section 2 owrvicwa pmioui mcarch on 

the d d t i d p  ktm rond rupply and ua$c iwd. W o n  3 di- modeb of rtate tighmy 
VMT.whütSaaion4eonridcnmadeLoftotnlVM7.InSeaioa 5,wcconsidersowimplicatio1~ of 
OUI dl.% vhilc condusions M o & d  in Secrion 6. 
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morts to assus the tmik-inducing CfISu of iosd imprbvanents date back nt 1-t Io the 1% 
whcn Jorgnrcp (19411 attmipted to estharc the trnfnc gmuated by the OpcMug of the Meni t  
and Wdbur Cross Partwrys, which tom i o d  a paraiici mute to U.S. 1 in C d u l  Thc 
carly studia Sn foUow the same gcncrai approich. T d i c  in the improvcd corridor i$ countcd 
kforc and a h  projcct completion, and o b i m d  changa arc comppred with the chanSc îhat 
wodd k cwctcd without thc impmvcmcnt. Thc latter L cstuopted atha by obmntioa of a 
convol corridor or of some indiatnr of tepion-widc trnfsî lsvcls Jucb u gawlinc des. Studim by 
Ihe Cook Couty H i n y  Dcpt. (1955). Frw (1%2,19W and H o k  aird Stovcr (1972), as wcll 
as yvtnl midia in Great Brimin reporkd by PIUr (19891, rii follow thu logic. Iat d t s  M 
typially NmmpT12cd by an atimate of the paœntage gain in comdor tratüc niuiting Gum an 
imprwmmt for a givco par a h  the imp-mt wu compietod. Fm 1 rummpràcs a 
number of the ~ O d i c a  by ploniag thu penxntlge agaiiut thc n u m k  of y t a n  rince projecl 
complctioii to which it pCniins. A widc range of impacts is nidcnt, rc8Siinb urioag other Uhgs, 
thc divcrsity of pimpronmcnt rond rupply and t d i c  conditions 

Rond t n 6 c  gcnmtion hpc olso bccn considcd in YYtTal audia in whicit the unit 
of obstmthn U the urbm ngion. UOng a m i r a t i o n  of data for dinacnt urban arcas, thae 
'PTCP siudia'  have ancmptcd to idcntiiy bow regionai VMT ir decd by rond riipply, m a d  
athu in tam of rou1DmücI or Ianc-mik of highway. or somc 0th- supply idkator such u 
ihc rveryc time cost of travel. in wmrt  v) thc f a a i i t y m  studia, w studits okk more 
grnual nlationship. A wmmon wny oîrrprrxnting such rciationships ia with an du#f t - the  
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m t a g e  in OIY &bk msuiting from a 1% chuyrc in anothr.  Table 1 s~mmrriZer 
e W t y  muita from a r a  rtudks. b h  of thc r e p o n c d  ehsticiticr rcgmcnîs ibt pacmisgC 

in mad arflic-or pcr capiu road tm& as appropriate-mdting Uopn a 1% Cb- in 
th mpply-ride Wirbk cmployd in thc study. Twa of tbc studiu. those of Kbppdmrn (1972) 
and Burrigbt (1984), tepon elasticilin dimcity, wbüe in ihc ramiubg cara tbc thrtipty w w  
caicn*trd by thc pmto< authon fium idormation provided in the referma. ?ab* 1 show widc 
vuiation in esîimted clasticiti~~. The two bighst vrlua, from Kerron and Guidcll(1972) and 
Newmn (1989). M bucd on univariau analysa that aitribute tnffc nriatim to mad supply 
variation without wtrolling for othcr devant variables ru& PI incorne, automobile opcraüng 
cos<. and population detuity. The 0th ;tudia empioy rnultivariatc analysir in an dort  to iralatc 
tbc Cncct droadway supply, and obtah a wcakcr rrltionship. 

A t ù i i  ipprorch fo ~ s i n g  ihe traûicAnducirq impact of road improvancnts is ihrougb thc 
UM of q i o t u i  îraarportation dcmand modclr. M h u &  tbcrc modela bave bem ursd in couniku 
pianning studia. in most CPIQ thcy ovalook imporunt fetdhack cffats. nich LI the Un@ of 
conegtioo dciay on trip gmuitian. uip dûtribution, rnd mode choi. One exception is Ihe study 
of RUiter et ai. (1979), wbicb was dai@ rpm8cilly io asses the W impra of changcs in 
highway mpply. By usiq a regional traatpomtion d e l  incorponthg trip pauntion, mode 

Tabk 1. W u W h  la ncx* mrd in wbao uw 

bdm 0.58 

0.13 

0.12 

0.10 

O32 
-en (&-NU) 
4 3 1  (lory-run) 

0.70 
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Split, trip distribution, and trip rc-timing effccts 10 assas the VMT impact of Iwo road pojccts in 
the San Fra& Bay Arta, thcy cstimaud a îane-mile clarticity of 0.38 in one case and a ncgitivc 
impact on M y  VMT in the othcr. Tbc authorr ascribe Ibe lat ta mui t  to the rcduction in ovcnll 
automobi  avdability as more cars arc driva to work. 

The studiea aied in thü Kction coileur that iwesse< in road supply engcnda increasa in 
udffic. bu1 not on the magnitude of the CE&. Eisstîcity estimata ranghg from las than ter0 to 
0.7 arc reporicd in the litmature. Moreowr. the dynamics oï the phenoramon have rseeiwd 
virtually no attcutioa. Such wide dirpgrccment mer themrgnitudc of trrBK gencration efksîs, and 
I d  oï knowlcd& of thcir timing. introduœs grmt unœrtainiy into the appraisai of urban road 
programa. 

3. STATE HIGHWAY VMT MODEü 

Methodology ad &ta 
To s t d y  the dationship k w c n  road supply and tnffic, we estimate revcnl modck bascd on 

lwo panela oi prt.-Lrvtl da& wing observations coverin~ the period 1973 to 1990. One panel 
consista of 30 Ohfornia urbpn countia, w h m  by 'urban' wc m m  that tht county is pari of a 
metropolitan rtatiaiFPt a m  (MSA) as defincd by thc US. Otncc of Management and Budga io 
1990. The Kcond panel wnsists of MSAs and consolidaid MS& (CMSAs)-aggrqatiau of 
counlics thar form intqml mctropoiitan rcgions. Aa of iW, W o r n U  bad two CMSAs (Los 
"w- 'm-Riwnide and San Francisc+ûaklanMaa Jose) and 13 MSAs, whidi togahcr 
m u n t  fa 32 ofthcstatef 58 wunîics. We d u d e  one MSA-Yuba City-and its two constituai 
wunties-Su#rr and Yuba-fmrn the anaiysh because of dam pmbiems. The imUimng 14 
mmop0at.n @ODI nad asochtd ootmt i~ ut litcd in Table 2. The popciktionr of thc rqioiic 
range OVCT iwo O& of magnihide, from iSû,OW 10 15 millioo. 

mcdcl: 
WC esthated rmnl cquationa, di of thnn variations of the diUnbutcd iag rucd &c& 

whac: 
Wfri 
oi 
A 
x*, 
SHLMb-1 

6, 

is ihc VMTin region i in  yur <; 
is ihc hed effcct for &on i, c s h t e d  in the ineiysiq 
is the Exd dfen for-yar r. &nami in the anaiysis; 
k the value of e x p h t o r y  v d b k  k for region t and ycar I ;  
k srau highway lane-miks for d o n  i and time t-f; 
Irecoetnfients m be escimittd; 
k cbr ouiwm of a nndom v d b l e  for mgion i at ycar 1. auumcd to k normdy 
diatributcd vith mean O. 

Figure I ir knom PI a finite diatributcd iag mode1 sina it indudes SHLM vdua for a 6nitc 
numbcrofpan  prior to t. This h~ s t n ~ ~ t m  lcBcds the cxpatntion thit thc imp.ct of addi118 
lane-müu on VMT omm gmdudy, as travckn, houscholds, and othcr dairionmakers adjust 
thcir khrvior m rrspaioc to the added apICity. 

ï h e  mode1 is l o @ k ,  so codfaenb can bc read dinsUy as elPstiatin. Thcre U a pineiC 
elartiQty for & A' vatiabk, implying an insuntanem rrspoarc. On tbc othcr hanri, sina the 
modcf iDduda liw SHLM tms, it field, t i n w p d k  Isaomüc htiriics. Wc maintain the 
simplifyig ummption that aü clasticibtc am oonant PCIOSS regionr. 

Our mte higbway VMT data, obtrioed diicctly from the California Dcpertment of Tmi 
pOn+tion, i bascd on tnfaceountc. Tra& counts are taken on & #grnent of the ryrtcm ow 
evw thres pn, m a rotating bpsu. A fcw sckcted segmaiu M aniatcd mnuaily, for the 
purpose of atimatirq h i ü c  growtb on segments nor M y  counted in a givm ycar. 'Fhus the 
nponed $tate W w i y  VMT is  based on an lssuwd uafac volumc for cach higbwsy segment. 
wbich my k estimrtcd or bascd on a direct mciuumnent. Givcn the large numbv of scgmcm 
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in any givcn wuniy. the VMT ntimstc ir considcd IO k reliable, evcn though the individual 
segment volume otimatn arc clcarly subject IO aror. 

Our basic SC( of exphtory variabln coaaitw of SHLM, population (POP), and persanai 
inwme pcr apita (PIIN). SHLM data wcn dmlopcd from the caltram TASAS data basc, which 
cantainr dctaikd deriga infomution for every segment in thc nak higbway systcm. Population 
and persanai inmm dam WQC extractcd from the County and City Data Book Consolidaird Fi 
Comty Data 1947-1971, and Couaty StatÛtics Füe 2. 

We considered. but mjcctcd, induding a public transit supply variable in the model. Sina 
public îransit is dearly a substitur for privatc vchiclc travd, its suppiy Fpn influence VMT. 
Unfortunatcly, rcgional-lml public transit data are no1 diroctly avaüable, and transit propny 
data ih.t wuld bc agorcyted to a d o n a i  ievel an unavailable for the ycam prior to 1979. 
FurthCr, u ru&ptcd by Mogridgc and othcn, the impact of road supply on VMT may bc 
mcdiatd, in part, by iis impacî on transit supply, in wbicb case wntrolliy for it would bc 
inappropriate. 

It is importnnt to apprcciatc the diffucncc bnarern the abovc mcdcl and a standard cross- 
reCüonal one. To do 50, d d n  a simpli6cd example. Suppose we have a modcl rimilar to cqn 1. 
but including only OIK SHLM ium, the ôxed eûais. and no X variables. &urne that wc have 
VMF and SHLM &ta for two regions and two timc pcriodr. Assume ioiliiily that IIU daîa are aa 
gkcn in Fw 2(d, thc &ta labds in whkh wnsist of the ngion nwnber (1 or 2) folband by the 
timc pcriod aumbu (1 or 2). la Fip. ai). t h m  is SHLM variation bctwem redonr, and kivc+n 
rimc pdodr. but acb region ha the s r h ~  SHLM powth  k t m a  p e n d  1 and 2. This maka it 
impossible 10 diicntangk the lane-mile d w t  fmm thc regional and time penod effcar. If, how- 
cvcr, the situation b aa a p p r n  ia Fie. 2@). it becornes possible IO iwlaie the cRen of m d  supply. 
Sincc in cbir EW SHLM in ngion 2 inaeasa more than in region 1. we m (asruming Our ow- 
Umpiificd modcl) a d b e  the di5mnct m VMT growth k i w a  the IWO rcgionr i o  the diicrençc 
in SHLM gmwth. Spo-ally. w obtain: 

As in the above case, modcl (1) is etimatcd by nlating diffacucu in VMï powth IO differemr in 
SHLM gronth, whik DLCO controlling for othcr te*on and rtochastic Cnects. 

By controiiing for fucd de&, modei (1) aho rubscsaüally rcduccr the potcnhl distortion from 
rimuiiancity biu Such bus wiii oœur if trptac affats road suppiy, or more pnenliy. whca the 
error <am in a regmasion quatioa ir wml.rted with an indepnident variable. In the Io- run, the 
aiusality b a w m  VMT rnd SHLM dou in facî fun in both dirations. Howrvcr, the protractcd 
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nalure of the h a w a y  expansion projcct devdopment and deüvery proces6. the lumpy aad durable 
nnIm of the projcus, and paliticized maancr in which rhcy arc chosca, makc it impossible for 
higltwy supply 10 nspond to changes in trnffic Iml on a ycnr-to-year basic. In 0th- woids, whik 
it U probably tnie hi Lor Angda har a lol of SHLM in part h w  it hor a lot of tnfhc, it is 
lu lor lidy tbit SHLM in the LA rcsion would inaeso from one year lo the acxt in responac to 
(or intriprtioa 00 a tntoc inause thm. 
To invcrtigatc thb kw. we mn rcyssionr of SHLM againrt several factors whicb wiü be 

shom k l o w  to bc key daamuun * ta of VMT. Tbc mulu, ihown in Table 3, meal thai whcn 
6xcd Cncm am iocludtd, POP a d  PiN have werk, s t a t i s t d l y  insigniûcant eRccîs on SHLM, but 
lhrt popuiiiion. dong witb population duisity. strongiy aüat SHLM whcn the fixcd cûats arc 
acluded. Sina variables ihnl dect V M T  rlso :trondy atïcct SHLM in the modcl *thout Bxed 
cffccli, it is possible îhat olhcr lacton that inca tbe regionni p'opensity CO vchinilar travci, and 
wbich are rbrorkd in the stocbarric crror tmn, &O do so. ïhw thcre may bc aimultanaty in tbe 
VMT modcl without fixed Cnccts. Convnsely. givcn the h i t i v i t y  of SHLM io POP and PIN in 
the 6x4 &&il model, it i s  uniikcly to be airrelaicd with ihe cmr temi in tbc VMT mode1 with 
fixacd tncfa. 

Wben simuhuicity exirts, the mast common mncdy is lo insmuncnt îhc indcpendcnt variable 
with M alimator b a d  on aogmous variables that do not d i d y  aRca the dcpcndmt variable. 
UnfortunrtCiy, in the prcscnt spat no suitable itumimcnt variabk is avaiiablr Most of the 
haon thii dcct rbc supply of rtatc highwayr PLO au< some direct infhmce on rhe danoad 
for whicular travcl. whüe suitable data are not svaüablc for othcr factors. fhus we wc SWLM in 
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