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Climatic Effects on Bus Durability

SANDRA L. AREINGHAUS and JOHMN DL NYSTUEN

MESTEACT

Tho pueposzae of this papar I8 o provide: ¢limste peer gooups EhHat may ba used In
eoabination with anvset of Seckicn IS5 Indicatord as a deide o undersbanding
the impact of climakd on parcicipating transie authorities. The method of de-
glving Ehene clinabe poar orogps. livolves applving EReess glinabic indicators Bo
partition 203 ecangit avthorities inkos “horsh;™ "iptermediate,” and “benign®
climake paer grogps. The feaulka afe mapped and age diaployed fn tabular form.
The simgle numecical procedure  is- checked vsirg elemsntacy linesar algebrb, . and
the resulting climate peer. groups ore again mapped and disgplayed 'in tabular
form. The bBypothesis that bus duraoility is adversely affected in‘harsh oli-
poten 1o then tested, uvging doka Erom Sestion 1S Indicabors, ta illustcate the
method of employing these climate pecr. groups. Ecction 18 indicators on “age
digtribubion,” "digtance bebwsen  fosd 5‘:-&113," and "vahicle miles per malnte-
nancs . doklaz, " partilicned by clinike clnsa, peovide atpgort for Ehis - hypothe-
pils. Implicaticnsg rasulbing- from the testing of thic hypothesis suggest which
elimate peer grooups might’ bensfit from additional evaluacion of theic malnke=

Hante Abrategy and whilch ¢linste péar gioops right serve 42 malnbenanss modals

for othecs.

Cora . arnd buges kesvily péarced Srom- fusby gcies aca
a familiar cight to cosidenks of theé Geaat Lakes
Bagin ag well as to Ehooe  dnother regions that ey
parlencs heavy corcentrations of enow amd cosd salk,
or . kBent apd afgbozns z0lt,  pear urban  =ocface
roubos, Obther enviranmental skrensen bthat conteibobe
EG Ehe o aging 0f a8 bus fleet might involwe the cbcep—
nese of the onderiylng btereain and Che: _ﬂ'nr:.ﬂif.y af
tralfic  ocongestion, Skeepr  gpades  podduce  extra
Elealn an the potor and power-train,  and freguont
skopping and starting wear the brakes; the engine,
&nd the dfiee br&in. However; major "gurgery™ often

S.L. Aclingheue, Insbitute of Makhematical Gacgeaphy,
1441 Wiasrteria Driwd, Ann Ahcbor, Hich. 40004, J.D-
Hystosn, College of Azchitecturs ard Urban Plannirg,
The Iniversity of Michigon, hnn Achoc, Mich. 48109,

FivoR coponient boeskdowns, wia brake tocansislaont or
wlectrical  bypass, resultdlng Eroom the wvacious
strainsg ob khke wviaceral iug svetem, Diskintegration
of the bos skin,; howewer; is irreparablc and often
Forvges vebicle pepladenent; one reygonse to. thie
problen is to build rust-proof biges of stainless
Stael Ekak reaiat corcodion foom poad cand airborne
salt. Thio change in maksyial could extersd bum 15le;
thereky prescnting tcansit authorities; in advecocly
affecksd  ¢linatid reglones; with an oppoztunikty to
beild healthier, more efficient bus fleckta.

The: majer conteitation of Lhia work 18 bo darive
mrafAyres: of elimakbic conditions that oan Be desd in
Lhe analvgis of several Esctore celated ko wvehicle
pertormance. This exploits the "Potential Data Ap-
#liootions® suggeskted in Fhe Foarth Adnnoal Section
1% Report ©f Hatiormal Urhan Hass Transportation Sta-
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cipkicy. that "Fear oroups could be forped baped on
mode, fleet slze, annual opeifating expanses, andforc
grch oihep Taftocn not contaimed in thiw ceport as
ellmate and colleative bacgaining agcesnenis. Com=
pacigoms  can be mads B8 bhe Individoal tronslb syo-—
egmd  in Ehe group, or Eao owverall gqroup awvcrages®
{Li. Thesc olimate peer gooaps are then used o ahow
how “an cinccesged undezatanding of olher  facktorn,
puch as ageé prafile and pecformance data  on o bus
fieaks, might eesult.

CLTIHATE PEER GROTDRE

Tha . mechanics of  constzucting climate poer groips
irealves  incocpdacalbing mategial Teom Clinmatic. ak-
lafes: 1nte the Section 1% date and using the eeauli-
irg climatic indicaters o sork translt sucthoelties
inko "“harsth,™ "intecmediace ™ or "benign® clipakbls
gear grouga, fhose poer groups are deterpined fiect
according ©ooa sirple norprical procedure based only
on climatic indicstiocs: sbiwe, beliw, oF egihl Eo oa
mesR valie, and &0 Thecksed with an approach using
lingar algebra to assoclate a clisate yectsr WlEn
each franaib aubthority. The latter approach alsc
generakes @ cenk=ordering of ecanalt aothoribies- in
each cliimacc @ potr gooops  Ib doeg. =0 uglng Ehe
lemgkhs of  climate weckoro (VOCDOr MAIMS)  meaduled
in a coordinate oystom with the nationsl pverage &z
Ehe cilalin.,

Poer Groune Forped by g R_Ilnugg__&_t-lun:uuicnl Froceours

1t iy mpsemed thak when oad salet is used 2o oan aid
in soow cemoval, it speeds bus Body CopTosion: ft is
not Jassumed that all corcosion L& chused Ly road
Aalt, Bowever, nor iz it assgned that  all cownini=
tien wepploy foad salbt im snow removol. Thes, the
measuras that folilew Include transit sekhorities in
whilch airboone s2alk lp- wagm, hopld slimstes promoies
corroaicn of bBuopes thet travel odastal poutea, an
wiell &5 Ernnzle aukthoritices in agriculecural skstes
that 44 not use road salt im gnow repdval. Inslasion
of Lhedoe Tranfil outhorities provides a’ broad spec-
trur of positiong for data pointa. ko pactibion Into
peor  qroups: on relatively unehbanging, Pporaly cii-
matic, bages. Changes in policy, inwvolving decigicns
to =alt, or charges Lp hus foute poslticn. involwing
nearnese £a oalt waker, -ace mord Slpfaly gpachd in
pime than aro ckhanges in climate,  Alehough these are
Lagusa that could ba superipposcd on the cesulte of
this study, ERey are bepond Eoa-scopeas-they do ook
ponkrihueg, at  che fondamentdl level, B9 zorting
transit authorities by olipatice tyger it La Cha Ly-
pology that i daninant bega.

The following olimabic: Indicateds will b uned o
Link Ance o rcad salt. Piest, the "toktal amount of
annigal msrowtfall® in sigrificant as a cough mEaAuace
of total volune of faad shlt ee which bus kpodies are
sibjected In A ®ingke winker, Second, the "mean noan=
bar of days of one inck or more of Epds and alasc®
zeeg Eragquency 0f anow avants Lo weasure the extent
to. which bep bodiecs are exposed bto o road salt of &
sontinuing  besis, Third, the “abterage rumber Cof
Eigep fez yesg oI on altegnetion of freezing and
thawing® qives a gepecal indigation of the nunber of
doys thatare optimal Eo@ apblying salb to melt ocoow
and accupulated ice, Thess factors ace assunod. bo
haye rooghly the sane weight in deaccibing winker
advergity At Ehe navionpl scale, an suggested by
qroupings of vafiables of thiz asct oo descoribe pa-
Eional climate patterns in climars stlesesy howevar,
irAilvidesl kraniit suthérlbiog may see ont Eacktor as
more significont than ancther. Fuckther, these oli-
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matic indicators meaguord’ brends ower time and pay
thus différ Eeom local weather patkayna 1o any stn-
ala j'-a:':.r. Therelore; individeal transit avehorities
shoarld: S exepdise ghotion  In UAing. curzgnit- Weathor
gptacistics. To wundorstand khs ghnge of £ofRikla
weather patbernz, it is necessary kol supglepent our-
roent weathior onsgcvatlons with a larsjer view of Ebe
slimatic hiskory of Lhe fagion.

Data Eog  Ehe “Tiesb  =wo  climakle Indizoters Lo
avallatle off o city=By=city Laafis 1n khe tabloo af
fvormals, Meand, and Esxtrenes? in Climsked &F the
Stawes (2] . Those tables roport data only from loce=
tiope with cufrplete weathe: abakiopa. Oply data fron
LhoRe weather stations in cities with bus syokems
wire inoloded. Cities with bus systers; but pot with
reporting weather etations, wers grouped With tho
wosthar #skakion ln. Cheilr elinabic fone o6 Shodn Lo
mopn of "Climatic Tones=s" in Climates of khe Stakesa
Dpka fop Ehe Ehisd waria®le  oome fron the maps in
Figuces 18, B, ard O which agpeaigd: originally i
Seephen Visher s Climatls Akblan of Ehe Onited Skates
(3}, To form the i=olines-in thi=z map, Figoze IA,
Visher ooed khe differences  Toans By caobErasting
Prormml anngal  nufrber of Jdays With btexpatature con-
tinuously below froezing®™ (Figure 1B} from "Horngl
snnual purbaer of pighta with frost (minimuap of 32°F
or lower) "™ (Figure 1C}. ‘For- pxamgle, Detroit, Mich-
igan; has-aboot E1S npigktse with Tecst In o year.. Df
Ehame, Absak £5 are azsociated with days where the
camporatare is alrteady balow freezing)  on thesa
days, little bonefit-comes Erom applying salt o the
roads. That leavas 1315 — 45 = 00 timos -per yoac with
frowt st night when the day tesparakuaes 15 5ot con-
cimuously below Eree=ing: hence, an altecnobisom oo
curH atroRs the freexe 1ine. Logatblosas ketwoen  iso-
Lineg were apsigned the valpe ¢f tha lovees of  Eha
two isolipes. Interpdalation wag b eEployad Decavnoe
these clipate: values senscally G0 aot vary linaarly
botwern igslines, Mapericsl wvalues for Ehla climatic
tpdicator range from O to 130 doye. MHigh wvaloes of
this  Visher LIndex ashould be cexpeocted  in oalpine
afead, doe  Be Asily tenperatues fluctuation. Low
values should appear in stathern cities, cand thean
valose will ingreasd more pppidly awny Crom lacge
bodics of water because the o land Eespecature res
spondes more quickly than does the waker temperakice
to changes bn the surcoanding air Eemgesabira.

Tha three climatic indicators were caleelatesd for
each of 193 citice apsGdisted wizth 203 translb au-
Lher bedea of mors thap 25 busco that filed Section
15 repocks for at least Ewo of the feuap years wnder
study.  The . npatisnal  mean fox these indicatocs,
courded Eo the peacest inkeger and expressed ags an
ardered triple {number of indhes of  anow pec ¥ear,
number of Onow evente frer yeasD; and nunbar of alter—
netions of frogze—thaWw per vear]l, was [23, 7. 5i).
A ordersd triple that representn the climatic indi=
aators forla pareicular city has ontoics of poaitbive
pign o reprepsnt devistion above Lhe mean, of nega-
Eivg sign to ceprescnt deviation below Ghe mean, or
of F Lo gepiemant no devintion Efrom the mean. The
following lict classifies the 193 clifes axt0eding
o Ehe wigna of kkeir ordered friplem. Ko city re=
cefyed ca scora of [0 0, 0, ghe nationsl pean.
Cieles dn wihilch: all three climatic imdiicakess arTa
abwive She mean &are YepreRanted by teiples with sign
{4; #, +). These pities are grooged in Ehe “haran®
climnbe class. in the 1list (ocdeced “hy Lenglkisdal .
Sinilarly, cities in which .all thiee ecllratic indi-
cators ace below the mean sre cepfesented By ardared
teiplea with slgn {-; -, -J. Theps ace greuped as
the "banlgn® climake clase of entcies in the list
(efdaced by Longitude). The citics assdoiabed WiEh
the cepaining asign possibilleien are grouped -in the
"{ntermediate® climake clase of the lide (ordored by
Eomaibtmlel,
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Hac=h

Fockiond, Maing
Haverhlll ; Myss .
Bouton, Mapo.
Lol 1, MR .
Hanchaaess . WM.
Worcester, Maps,
Springticid, Masa.
Hectford, Conm.
Wew Havan, SConn.
Hhite Plains, M.¥.
Albany, H.Y.
Honkerd O HLY,
Mewark; Kol
HEida, Hu¥.
Allantewn; Py,
Sorantom, Pa.
Eingakan,; Pa.
Birghamton, ¥.¥.
SYFACIAR N Y.
Haegrishasg, Pas
Fochesker, N.¥.
Blesons, Fa.
JohnoEawT, Fa.
Buftala, M. Y.
Fikkanuegl, Ba.
Bile, Pa,
Yourgatown, Ohic
Eent,; Chio
Uankon, Ohid
frkron; Onio
Clawalard ; Ohic
Dgkooily Mich,
Toleds, Ohia
Laginaw, Mich.
Ann hchor, Mich,
Fling, Mich.

Bay City o Mich,
Jackson, Mich,
Port, Wayne, Ind,
Ralamazoo, Mich.
soath Beoc . Ind.
GaEy, Tod.
Chitago; T1E.
Faoime, Wis.
Eenooha, Wis.
Haiskeoan, [11.
Das PLoimes, 1L11.
Hilwaukee, Wis,
Jdoiiet, T11.
Elgin, I11.
fwarora, I1L.
ipplecon, Wis.
wshkoal,  Wis.
Rookfcod; T1L,
Magison, Wio.
ook Talacdd, 111,
Davengark, Iowa
ubwqae, Iowa
La Crosso, Wio.
Codar. Bapids, Iowa
belath Minns
Wakee oo, Towd
at. Paul, Minn.
Les Moines, Lowa
£, Cloud, Hinn.
Siouw City, Icwa
Lincoln, Habe .
Faiqa, H.lak.
Ommln, Nalr

Colorado Sprirgs,: Coldg.

Panver , Cola,

Salt Lake Ciky, Dmak

Epokanc, Wash.

Benign

Horfoalk,; Ya.
Hamptan, Va.
Ralelgh, H,C.
Fayettavwille, ¥.C.
West Palm Baach; (Fla.
Forlk Tatdeedsle, Fla.
Miami, Fla.

Seuth Daytona,, Flas
Savannah, Ga.

L lanés; FLi s
dagrkgonvitle, Tla.
Rugasts, Ga,
Gaimesville, Fia.
Tampa; Fla.

4t. Pektecspburg, Fla.
Beadenkon, Fik.
Clearwater, -Fla.
Tallahapgrer, Fla,
Colunbuas . Ga .
Montgonory, nla.
Pensacola, Fies
Hebiile, Ala.
ltarahan, L&,

Grekna, Lo.

Rew Orlesns; La,
Jackson, Miza.

Bekan Boace La-
Shrovepsrt, La.
Bsantan, Tax.
fallaz, Ta¥.

San. Anbomio, Tows
Fort Warth, Tax,
Corpae Choisti Tex.
muaskin, Tax.
Lagada, Tex.

EE Paps, Tek.
Tucaan, AFiz.-
Phosenix, Aric.

San Diego, Cakif.
Ean Berimpcdino, Calif,
Hiverside, Talfif.
Lonangloe, Calirf.
Gatdan GEdws , CaliE-
Rorealk . Salifs
Monteballo, Calif.
Lomng: Deach, Calif,
Loe Angoles ;. CALIE.
Banta Monica, Calif,
Gardena, Calit,
Toscance, Calif.
Bakerafisld, Calif,
Ventura, Callf.
conta Barbara, Tolif.
Frosno; Callf;
Seoskbon, Califs
Sasranento, Ualif.
Monterey, Calif
wan Joge, Calaf,
Santa Crug, Calif.
Qakland, Calif,
Swaktle, Wash'.

San Mateo, Calif.
Ean - Frapclacs, Calif;
Tacoma, Wash.
Salen, Orag.
Eugene, Oreg.
Fortland, Oreg-

InborEedines

Clacs |—, =, +]
Fhtladelphia, Pa.
Wilnington, Del.
Lancasbae, Bay
Washlngten, Do,
Lymenboarg, Va.
Columbis . Ghiio
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Enoewillie, Tenn.
Chatbanaoga, Tenn-
¥onegas City. Ho.
Topeka o Fats.
Pigl=n, Okla,
Wichita, E&AH.
Oxlohoma City, Qkla.
Amarilla, Tex.
Lukboak, Tax.
Albimnargue, HeB
Claps (=p —; 0
Sichpond, Va.
WingEan-Salon, HN.C.
CraElatte,; H.C.
Daytdén, Chio
Aetlanta, Ga-
Cingirnetl, Ohio
Hewporky By
Laxington, By.-
Mashwille, Tanm.
Girmlnghan, Ala
Megphia, Tean,
St Lewln, Mo
Litklo Rock, ACK-
Class [+, +, 1)
How Dedfoed, Masd.
HiookLon, HasA.
Peowidenca, R.I.
Flughing, HB.¥.
Janaioa, Ni¥:
Jackson Heighta, H.E.
How York, H.¥e
East Medadom, H.Y.
Tooklym, H.¥.
Weat Coxpackie, H.Y.
Louiowillie, Ry.
Clase 4=, 0, 0}
Indianapolis, Ind..
Hhana, 111,
Beoatur, I11.
Fedrin, Illa
SpeirgEield; Ill,
Class (b, =y 2}
Bcidgepoct ;. Doan-
Skanford, CoOnm.
haherllle, H.O-
Clans [=; O +1
Bunkinglon, H.Va.
Chaclegbon; W.¥a-
Claga (0, —y lk
Naltimoce, M.
Clans (4, G, +
oanokes, Va.
Clags [=p £, +1
galney Idaka

Hote that aone citiss may howe more cthan ofe LEARDLt
suthoricy aaacciated with Ehen. Also note khat the
clbies with &he harshest climstes ‘are: as  follows
{ordered by lopgitudal: Fortland, Maine: HManchoster
biew  Hampahira: Epringfisld, Massachusettsg  hlbary,
Ubica, Rirghambon, Syracuse, Rocheskber, and Buffalo,
Hew  Yorky Erie, Posnavivaniap  Buluth, Minnesota)
Coloradn Bpeings and Denysp, Colorsdor Salk Lake
City, QUeahi  and ‘Spokans, Washington. The oltiec
whone plisake wag closest 6 tha average were  h=
follows  (osdersd by longitode)as tndinnapolis,
irndianar Urbhan, Teocia, Springfield, cand Decaktuar,
Illinsia; Balbimore, Maeyland:; and Charleston and
Hontimgton, Weat Wicginia,

Figues L portitions the continental United States
inks harsk, benign, and intecoediaks elimobe geer
qroupe of Eransit puthorities. Feer geoup Boandar ies
wore doadn be moperake transbb authocitles b, ooE
fenr; oitiem of harsh elimaze  (ses tho  preceding
1igk) frem trapslt acthorities ing oC mear, Gities
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of intérmediake climaee (sde the preceding list).
The latter webs aeparated, Lln tern, fromo Branslt
puthorities in, ar. pesr, citles of benign climate
(gew the praceding list). RS ia evident from the on-
dorlying soatter of dotn in Figuce 2, the accuracy
with which these clinnbe poar gqroug Boundarles wers
plased 12 greatar in the esst bhon in the west. In
mooh of the wenbeen mountaincos ceglon, “the bosndacy
Follows topooeaphic foatuces speh a8 mountain cangen
and river bafipg. Because the climatlc dndicabois
that Forpad Ehe basip for Jdelinsating climate poee
gEqups. wece chosen fof cheir capabllivy bto Link rosd
aplt to-snow, Figues 2 also shows the podition of
thko -Solina Basin, @ majoc: esubpugface  cock palt
dnpasit mear many of the transit avthoritiesin Lhe
Great Lekes portion of the kacsh climake peer gEGUp.

The Diztribotion of Climake Veotors

Thi three climate pear groups shioem-in Flogure 2 ex=
hibit & great daal of variation within each geoup:
thia secticn phowve how te determine the paern mosi
slosely  salated, in belh elipate and gesgraphio
position, ®s an arbitzarily chesen tzansib pibbor-
fty. The map in Flgues 3 displays the grid generally
prploysd Bor Ehe polae casc of an sziwathal equidie=-
Lant map poojestien  fon which fialances peaaE e
feon bhe centér afe Erual. In maps of Ehis sore the
rodinls gencrally” cepresent loagitide and the arcs
represspt latitede. Becauae latitude apd climake aze
celated, ‘olinste La substituted for  latitode; the
colunn "climste wector norns” in Tanle 1 gives oin-
gle climate walies, based on all theee olinatic-in=
dicators, vsed in place of latitwds Ip the map of
Plgare 5. Then, dots on. that map thal are olose have
toth elimste and  Ionaitude lgeographic  pssliciong
Ehat abe close, Beace, ‘the nearest neighbors within
& pemi-ciccelar band of & given point ace les. gec-
araphically  prosimate climate peers. Table 2 glves
thi nomes of sach transit authocity vepresented in
Figues 2 and its nesreat climate peers, Far axanple,
thira £5 mo traneit authocity with winters ns Sovere
am these L Duluth, Minséscoia, neacer than Spoing-
fimld, Maaspohuscte=, on cthe eant, oo then Denves,
Colorado, on the west. Thus, Spcinglfield and Denver
are Duluth's gecgraphically neagesl climate peerd.

Thie detall of censerecting thie wap and these
enbles cegks in viowing the: ordeced triples of oli-
nmate indiecasors as  weotocs | in threo-dimensional
space, The cooponents of the wecbors ace hBudsEicnl
maasures of diffecent ranges, buk &za ol egual
weight bn describing sewscity of winter las prowi-
cusly explalined). Thas, bo coafacs weckorh, adjuate
Tent 1= refuized of the =t of valoes ower which
individual componenks may range. h warigky of strate
wyles in pvailable For Lhis pucpose, and esch could
lead to the meana  Cor debecmining @limake peec
geoips based on Ehe glinate vectore ssscciated with
individual transit autnosibing.

Gupsone Ehat the prdered triples dse referenced
to bhoes mutuoally othogonal oxes. The x-axis meas
sures the nusber @f inches of apow; and values #long
it range fron =23 in. below bo &6 in. above the na-
tional meany the y-axis o oeasured’ the Cnunber  of
pvanEn, and valuss ca b rarge. from =7 @vents Delow
ta % syepks above the naticnal nean, and Ehe E-axin
measures the Vigher index, and wvalues on 1t ranpge
from -50 hlterhacions below Ec 30 alternotfons abodo
the natioral moan., The egigin {0, 4, 9} reprosoncs
the naticnal npean.  To standardize tho Gpite, any
arbitcary seale, including those alisady on bhe GXes,
might hawe been waed. Because the Wisher occale has
the finest pesh of the thEes scales alresdy peesenty
the authofas chose, tor ecaps In satching unite, =o
sofrerct each &F the ocales on khe 3 and ¥ aged ko
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FIGURE T Wigher maps,

Ehe LH=part Vigher scale of Che z=axis. Thus, the
unit weotdr on Ehe x=axid becooes (L. 1926608, O, 0]
bocauge 2130 = 17109 the unit weotor on Lhe y-axis
stretches to (0 4.0625, ) because yS130 = 133
and the unit wector on  Ehe m-axis semaing  Cixed.
Then, o climatoe wector may be asgsocisted with ozch
transit authogity by multipiving the nunber of
inches of snow for ehat sutherity by L.1920600, and
the number of events by 4.0825. Table 1 givea tha
lepgihs (norms) of the climate vectors moasoeed Cron
10 0y ) for each Eraneit sothority for which ‘haoth
zlimatic and Section 15 dpka Wwepe avallable.

Figure 1 coploys on azlmuthal equidistent projes-
tion cenkeoed at tl_:ur: nationzal nean of {0 0, 0) &o
ghow, weing elimete wegbacs, bow mock each bransik
muthority liss abowve or below the awerage vecksr ol
(0, M, 01, ©n ehig projection; distancen measured
fooe Ehoognber are brue. The hocizontal Iine, az a
bBase line in Fisure 3, reprements a mecldian of ES
T Ef Lo Wwast longibiede bo Ehe right of the map con-
bar ared @ pecidian of 135 degrocs weost longibtede to
the left of the map center. These cholces of longl-
tede cocrespond roaghly to che aask=whark ]nm_:iil.nﬂi—

nal ‘extremss im ke Unlted Stskbes. The neridians
that “intercupt the projection, ak &9 degrees and 118
dagreas in Lhe sbove averags goney and ot 75 deqgrens
ard 134 degrees in the below averagqe zone, Show moroe
precise popitions for Ehg transit adthesicies that
ara Larthest aszat and west io cash of che abkows gpd
balow  avarage =z=ones {i,s,, Foctland, Haine, and
Epokane, Hashingion, in the abowve avecasge zone, and
Horfolk, WVizginla, and Partlomd, Oregon, in the be-
low average zone). & scb of five avenly apased lines:
concugcenk with Ehe bage line at (0, 0, 0) parkl-
tione the map into wedoes. Thése cadiale ate asgigned
wolugs of 75, A5, 85, 105, and 115 to ceprescnt lon-
gitude, ard are followed by 3 "+" pynbol when Ehey
lie above the origin-and by a *-* aynhol when Lhay
lie below LE. The ewenly sSpaced met of contentric
circles, which might gencrally suggent Iatitude on @
projection of this sofk, Tapyesenks  insbead  Ehe
length of the clipats vector=<the inkecval measuring
the sppcing be 10 units of climate vecbor lengbh.
Climabte wootars . all have posizive Legath nessuvced
from the map cenber. Vector heids gssociated with
triples “containing ‘only positive or Zeco entries
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Rock: Iaml [l e H R 1 Eacramesde; Calif, IRY. 12830
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L o Wi, Sl 91 34 Seain Cruz, Cahf, 63,7 12202
Cealar Faplds, Jowia LN i 4l Caktapd Calif 2,7 12216
Trabaily Mizn BIcT SX T Sapiche; Wash, £1.1: 122 20
Wateleo Jows 414 e ) Ban Mateo, Calif, [ bl
Bt Paul, Minn, 418 T San Fmnclsco (il 83% 12221
T Mo, Towa 44 3 AT Tediam, Wazh 4700 1FRET
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Mhrrte indizaie “above® {1 ] i Spabue' 0 L) armrage min

weresplaced ab ansppropciste diatipce in the abave
avgrage xone, and Ehose with onle nefative or zero

enErios were: located” in the Bolow avérace zonps. The
diotonze s of & yector Vo= [Br gy £)  from the m}-
gin {0, 0, 0} is conputed am iwn = (p? + gt 4+ pryls2
41: Uowever, wvectcrs wikh both positive and nega—

Eive eptries cauld be misplaced vsing chis noFm. For
weanple, o high gosicive Visher waloa couplad with
negative Indices far below zero on "frequency of
gtorn® and "tobal snowfall apount™ woold repEesent a
ity with a nocm locgoe than #eers ressonable.

The degeas  of exaggocatbion dependes directly an
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TABLE 2 Veckwr Hnnh-f]:dbring of Tramsit Authorilie: Willin
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eho oize ob the pprénd between popitive and negative
values; Erequent Freezing wnd thawing may be frrele-
vant if Ehera i3 no snoow, and @I11 be 1£ there Q8 B2
fain. To overgcome  this, we foppukod the distancs
from the origin wei of awvestor W= (=2 =T udpoEy
S e e L S TR e [ or e T = S
proceduss reduced  Lhe distorpticn in  the nérm ol
Mo iwed" goctors by presecving the differsence in sign
betuees enbries of opeesite alge. Cocresponding eal-
culabiona wers wapd for w = (=8, k, =ul, w = [& k.
-], and For mll of ehe other peasibilities. “The vecs
tor head 0f a miked vector was placed in the above
avecage zona of Figure 3 it khe diffsronce ineide
the absolute value nign was positive, and in the: be=
Tow auecoge zons iF  Ehat difforence was negabive.
Entries in Table 1 that ‘ace felloded by arcows Blgs
gesting Tobove” or "helow”™ in the colusn Sisplaying
glimate  weotér lepgfh, cepresent  poattions CEof
foimed” weckors tEhat ace neb slassified in the nat-
aral manner-

Thits, Figuee 3 shows the enkeies in Taple 1 posis-
tiosed by Loagitiede and by oclisabe vecktor nocm.
Grouping Lhese wector Leads by okate pEedisoRa oo po-
1ikipal  aubdivision of the United Stotee based on
clipokbe apd fongitude. In Ehis man, distortion of
iLhe state boundaeies away Frea the atandard subedl-

Tranespas Eatlon Regeacch’ Hecord L00G

wiston; based on Dacitude apd lorgitude, @& due on-
tirely te climnbio effecia, For eoxasgle, Washirgton
ia fragoented inko Ewo pacter ofestal Washingbon,
with a mild elimane, lying betesen L15- and 125 de-
green wesk An the below pwerage zone, and nountaindud
Waskingtan, with a harsh climnte, lying baleacn 5154
and 12% deaiess west in the above averadge gone. In o
akmilar manner, cities in Onio scuth of “Coluntbs 2le
nelow the cenks: hatween 79— and 85—, and lie in the
region labelod MM Lo Figure 3, while thooe in moekh=
srn Cndn foll abowe the center Bebweon T30 aed 825+,
The eléngaticn avey From the map gentar babkecn 54
ard BE+ represents The presence of lake mflecl GnoW
in Cleweland and Younsetown. Indiana is Fragmented
iri bhe mame way me Ohilo, wich Indianapolis, Marizie
and others soubh of Ehe map chaber, Fort Wayne above
Ehie map centory and elengablon away from Ehe  ceptér
gk B0 Soukh Bend.  Fucther, sootheen Fenneyleanda
citips: nmar bha cosst {e.g. Philadelphia ard Lan-
capkee] bawve weoter heads Llying just above the map
cenkér althoiugh  those in - pountainous  Penosylvanis
lic awsy from it. hgain, thim bourdary strebohes auk
from Ehe center Looopick wp lake otffeck anowes In
Erie. Finally, ¥ed ¥ork exhibits Ehe moob esboems
form of Ehis poct of sliearic disfortion; @ cobstal
npckion abows, bir closs to, Lhe map oenker bncludes
%ewt ¥ork City ond subuche; And an upstats Asotion,
which containe. & number of Lake effect cities, -
hitits climacic indiées Cfor “buses that arce in the
hagahesk climates in thé-nmatlan.

whae sfiis soggoste, of ceopge, 15 that a traseib
nanager in & given city should nob pocessarlly lodk
ta ‘another dn kis own state for e elimatic peer;
Eris iz better advieed o exanine the climabic prob-
leps of Raffalo or Eochester. thea thoese of Fallas
deiphis. Thus, the pemicircelar bonds in the abowve
tha bolow aversqge zores of Filgore 3 sbogest oank
acdering for tzanslt authorities within climate peet
groops (Table 3. Exteoncooin the longlbudinal -spkcs
ing within such bamis sl nearest A FemakeEat
pear, and: iz iz on accoenc of khis Ehat cntcing In
Tanles 1 and 2 age ofdebad by longitude.

Based oo thig mora techotcally presise: voctor aps
pronch, Figuee 1 and Takles L and 2 were osed o
genecate vegtor boundaries separating hacsh, knler=
pediate, and bonign climake peer groups. To find
these botndaried, nobe thak in Figore 3, cities that
Are clome’ to-thie center (whethe hbove or below Ehe
center) have a climate wvegtor length chose to Lhe
natisnal mean. Coomeguenbly, Ehe traneit asthorities
asgooiated with these wectors lie in an intezzediate
slimats, Opé place Eo ceparpke Bhe inbormediats po-
aitions from the hareh poslbicns: L Ehe aboveawer—
nge mons, that appoarcd bo be reasopabiln in teons GE
the clinpkle daks, was abloog the semicircle 20 upllbs
from the center. In the bolow avecsge zone, | the
sombeirele 10 Gnits Below Ehe cepber appeased too b
a natigal cholce. When thegs wector bounderied wore
super inposed on Ehe pap in Figuee 2 chey wers oolin-
sident wikk Ehe simple boundaries, deterninsd ian Ehc
firat part of chis papec, inall bat fdwe locakions.

I particulac, Dolse, Roanoks, AlLogoeogue, and
Amarllic: belonged ip the Intezmediate climate paer
geoup according o theo sinple pactition, buk ahifted
bo Lho Barsoh climake peer geoup’in the wector parti-
ioi. At bhe obkop extrems, Birpinghan was elassi-
flad -an incermedisate Enleially buk as henign i1n Ehe
weckGr approsch (Fiqure 2j. The conbent of the wli=
maie  vecbors soggesks peasons for o khese bransie
authoerition bo be oblimatie "noundarcy deelilora®™ (3.
in’all canes, the Wisher “index bad by far Ehe great-
cnb nuperiesl walae, often baoaune of the proencnos
SE pountains; RuSgRsting thak iR &’ rain- Sp Anou-
aroen, the freguent Creszing and thawing might chuda
Alfriculeies ot bumes. Thus, In mild winters, these
cities might bo clagsified In the more benign of the



Aglimghana sond Hyskoen

twn pecr Gooaps becauser there would be Eitkle need
for salk (altheough In Severs winters, the moce _El:c-'
gpent wak of salk would posh Ehes inbe the harsher
of kthe two poer qgroups). Cities in this position
caebalnly Bppeat ke have The potentlal for & aignifl-
icant problen that pay acige dnly every [ew Years.

The irdices aoscociated with Dirmichan ghow EE te

have the slightest such potentisl and those linked
to Boise indicate ‘that it hos  the groatest. Other
Ehan Eheae boundacy duellecs, the harsh, intermedi-

ate, and benign climate pesr groups Ehat were Cormed

u=ing the sipgle peocedure cécfespond  identicslly to

thase germerated by ERe vecbor npproach. Thur, the

yoctor apsroach serves: pob only bo ginpoint neacest
olimats peecs buk alse o verify ehe weore broadly
banecd pcheme displayed in Figure 2, within which. the
next coneidecation is of okther factors such:as . age
profilez- and perfocmanse,

AGE STRACTIRE BY CLIMATIE. PEER GROUP CF THE
U 8. IUS POFULATION

The application of these climate pear 9roups £o0 the
Seobion 15 Andleator; "hage Distributicn of Revenoe
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Vehioles Inventory,” produoces ovidonos ba sappart the
hj"Fﬂt-"lEﬂ-iﬁ that hagsh <limated speed bus detericrca-
tion, The "stratification Charks by Climate Feex
Geopp®™ oF Flguge 4 show  kthe expected, wecsus the
actual, annoal and aggeadate oge catratiflcation. ol
the bus populsticn by climate pecr growp. For ex-
arpla; bn 1975=1979, 35,8 pecsent of all buses werp
in transit aunthocities" in a harsh envicanment: Ehoes,
onw Wil expeck that 35,0 pecoent of 0- to E-year-
old higes, 35.0. pecoent’ of &= Ep  l0-year—old busen,
15,8 percent of 1l1- to 15-year-old Rusga, and &0
forth, would Iie in the Earah ¢lass o' 197E=19748,
The position &f the Borizontal lioe in rigure 4R
cepcegents this expected  walee. In fack, howeyer,
this-hagah olass contained 38.7 parcant of 0-5 yasr
alda, 3.7 pefcent of §=10 year olde, 36.5 peroest
of the 11-1% Year olds, 2%.9 percoent of the lo-z0
yenr alda, 3.0 parcenk aof the 125 year olds; and
1.3 pecoent of the "354+ - ‘group [(Figore d4h:1}:. The
rendining frames in Figuce 4 display similar koeak-
clawgtin OF dpERy N bug age accoes climste peer grouse)
frames 1i,; 4if, and Lw (Flgure 4) @hod age . dteabifi=
catisn in the kacsh olacs. for the remaining -3 years
whiic: framn &&.v diaplays Ehe aggregate of framos
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FIGURE 4 Timeserics and ngeregste stratification charts by climple peer gromp.
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i~fv. PFlgure 48  phows. EFive Erapes Jdeplebing, in
caronologioal seguence, the annual: and sgicegake sgc
stratification of the bus :p-t:-r-ulat'lun In the intecpe=
flate £limate peer groups and’ Flguze &C  cepresents
the cars seguence. Eor the benign climate peer godup,

f particular: note s Ehe distcibution of the
oldmpt bukes Accosd  Ehese  peeE dyeuppa, Thae barsh
geatp has Z3.% percent of the oldest busen, cather
thao  the expooted 4.0 peroent  {Fiyure 4A.w)1 Ehe
inkermeslinke cicup has 13.4 pefocepnt rathay Ehan Lhe
aupeobed 8¢l percent (Flquze 4B.%)¢ amd the: Senigo
grop has 61,85 percant pakber Ehom the expecbed 5.9
pecoont  (Figure 4C.w) .« The- f£ack that the inkepmedi=
até peal geoup haf s annller pereenkage of old bases
Ehapn GoaE avan’ the hachh pedr gioup, wlght Sduggest
Eha  fnp lack of expendituze in malntalning inkey=
mediate<climate buses, orf (bl erall 2ize of BBy
eranail authoritbles ln. this peer grouwp 20 ‘to 30
yenrd- aga, The bepigrn climstes hove E&z @ore Ehan
Ehpir share of @ld bosss; Ehé alakthors Suspact Ehakb
the graphic distinctions already ‘evident in Figure 3
might bedope evén nmode apbafent L buges Ccould be
identificd and eliminakted subject bto alzborne ‘oalt
in warn, bumid climatep. Figuce 40 alag sphowd bus
Fleecs srowims. theocuagh Eime in pun=bele sitiaz
Enrough. Ene  else An Ehe left-hand [0-5) colunn
across the series of figuces. &hs these recently en=
latged flaets age, 1t will be aigrificant, in evalu-
ating clinakis effecks on bua darabllity, to ace iF
Ehe - Epend conlinves Eowarcd high Sercaptages of ald
bigaes- in benign ¢linpbea.

MEIRTENASCE INDICATORS IM CLIMATE PEER GHOURS

Figure 4 ‘secven to o show differences in age profiles
tobwgon olinate paor geoupsy Tensons bor Ehesg dif-
Tepances micht be celated to clinaks, buk mlohk. be
celaked to Gkher factors as well, sich as tlghkness
of maintenande Ludgek, In eztablizhing  ¢limple pRay
grours, cize of fransit authority was decoed unim-
porkanti - goncral olimatic patkerns-ace not “a Fung-
tion of nunber ol buses, and climabe, onifke malnte-
namse budgets, varies - continuously sérogs the mps,
Ths with moictennnoe’ daca, esapenias of scale and
incceased labor ocostes-in large cities forced packis
tioning ©f paintensncs  indicators by eige within
aizh-clinake pear gronp, He lookad at the wpipta-
nance ilndicators, "yeohicle sdles per coad- csll® and
"total wehicle milew per dollar spsnt on neints-
nance.” The Eocmer imdicator asspeared leps culisblae
than ‘the lattox; ©n an anneal- basis, because. any
girgle “Eranate aukhorikty might have a -olusker of
eoad calls Coward €he and of ops Year folloded By few
in Ehe reaXk yYear. Hany entriep waie nigaing, eape-

Tl A LRI -

Teanspartatlon Eoscarch Redord i068

cially: bn $he firat vear, bBub wess [illed in, whers
prEwible, for Ydiskance bektwesn coad calls;® using
datn ~[ron "eotal vehicle miles® divided by "rcotal
gl colkA,® and Tor "pilep pec malntenance dollaz®
by dividing ®"total vehicle miles® by the produoct of
"eotal operating expenses® and "percent of aperating
bisdgat apenkt of mainkenance, ™ Two cublisags wers - pas=
Taved, and coly enttles eepocting data in a1l enbe-
goglep  Eor moce than 2 yeacs wers incloded. The
total sample for theae irdicaktors panged In oizo
Trom: 138 o 178 aubhorities,

Table 3 given distancos bDetdesn rocad calls over
the entice 4-year span for the naticaal hus. popalas
tion and £or the bun populabicw in the Bhies o1lnotc
peer Gioaps. The bocakdown into sizg peer group uscg
toundacries that appéar, Feor hand-Gopcing . of  Ehe
data, Eoorecopd poalkbions of shacp change Gin dpdi=-
cater values -and bo separate data along boundacies
albeady progent in bhe takaiar datn. Table 4 givea
miles per painteramoe dellar on an annual bosis Coc
the buR potalaticn by size peer  gcoup-within each
climate paRr grodg.. ALL theee climste peer  gooups
thiw ‘declining mileoge per mointenohca. dollac Tron
1FT8=1079 1o 1981=I082 ({(Tabla 4%, suogesting tkat
inflation has noten ints the miléage Figures as- o
reoult of highey labor and packs oosks.

Various intcrprecoticons  of the patbtorns in the
darn Ep Tables 3 apd 4 aee available. Thia (s a
ficst effort ko Emalyze the celationehip betweon
maintenance and climata; Enhus, “a pignifigant Tunce
tisn of these daka Iw ko puggest directions in which
Ehi= ¢linakis pactition mpisht ald in oopkrolling Eaor
other factors. For . examgle, in both tables, the ocli-
mite Jroupings Aaggeat bhat bhe podest per Formance
rests  in cthe intecmediace clinabe elaaz. JTa this
oorea OuE by acbitnl maintepance practices, by tight=
nens of maintenange bodget in theoh . eeglons, or by
Ehe geanegnl econonic epvigonment in pofk  bransik
authoritios in Lhe intepmediate climabs peer qroup?
Furkher , bokh Esbles indicate that despite genecal
climatic sdversity; the large cities: in - the hacsh
clipnte peer group of tronalt avthorities 4o ‘esla-
Lilvely wall on Ehess Indicatada. Perhapy Eheas Efpn=
mit authoribies ars Refe pensibive B painbtenancs,
and tookransit problems in genccal, than ace oo nun-
e f thals oountayparts ip bhe more pnbomobile-
ocicnted cities in tho berign climate groap.. Flaally,
Table 4 gives. an impcovesent in vehicle miles per
Roinfensnce dollas as ope woves from the snall toan-
=it avthorities in the morth bo thoso in the soath.
This affect michk be due in pact to climass, o it
might be a Functiom of how the indicator Ltself was
congkructed (eog. .. Lo u.':gd rakea dn amall soathern
Fleatz might maks acggresske wehicle piles por main-

TABLE S Distance Belween Boad Calls by St and Climade Pecr Gornaps:

Yoar ol Bectinn 15 Bopeaod
Mumber.al Busea por

Mumhar il Fntres

Transil anthisity [981.-1933 [adoi3al 1979530
Harsh 20652 14871 1547,
Ligpe{ 50043 17894 TRE TLEIG
Miidxe (1004990 1AM, 3 137804 kTN
Ervall {7594 T 15487 1114
Inkecmuiliafe [ e L bl
Lasge {500} HEA N 7563 TET
Sk {10040 1.358.2 1.423.9 bA1a3
Emall{ T35y A2 100 1A%
=m 1 4065 4453 18511
Larpa {50K1&) 100G [ 352 F159.4
PSR el e B B ] 2A05.3 2.006.7 137d.3
Emall { 1555 24ER.T R e il e
Hatiorul 16181 (3 [1ER FAST
[azpn {500#) ] e 1250 12933
MEaEsize 100495k 1,796 1;535.2 4228
Emall {28500 LAaan 2Aad5n T84

1F13-[ 579 F13-[531 FEar P B ] 1950 1979
A0 1E52. 1 (= a4 T 30
b TALE b 7 a2 o
YA)ms L T T TR
1555.1 1560 F R T AN
LATLE A3 L4, L3 d &1 +B
0593 b 1 T & & &
|G I | B s ey | TE 1% 1%
TATEE LESAE b 24 b 22
10734 5157 R
5 Lded 1 I'x 3 &
2455 b T 1 14 15 LE
FAET AR 35 15 L] i |
R [T} R T 1% 17T4) 14T
FAe0,2 EA0AE X 11 TF x
EAsdE E TR 50 51 45 50
R i G & 100 100 e 1]
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TABLE A Velicle Mides per Mabitenanes Dolla by Climate and Siee Feer Groapes

Year ol Bectinn 15 Bepor

St o Enrres

Mamberal Duses peg - e e L
Triesit Asthnrl iy 19E1-1 982 (RIS LOT78 ] #a0 O3 157F Fiopr S Ly, 1953 10E] 1HED 1950
Hirah L.57 1.71 1 e 241 I, 5d &3 &4 L 45
Lagge { S0+ % 1,44 LSS L34 1A% 150 u L] a E
Miduice ] HR55) 20 228 a2 1A% et | 15 13 13 11
Lmall (25-00) LT 11 el el ke ) b o i L0 in i
Intramediatd AT [ 7] 150 1.64 Lds 45 45 £ 44
Larpa {500+ ) |.Gi¥ ERE 1.4 lai# 1,15 ? L} [ &
Midsize | [00455) 1.70 o LY 140 Az 1% 20 17 1y
Sinll (2555 b5 ] bRk} R 168 0a 23 232 23 |
Eznign 163 1:R1 >ap Zan o &1 &2 i3 £5
Lo o 143 1 1.5% EHE 2,59 1,73 11 12 X 4
LIS E T B B 2104 Rt T.44 ek AN 14 14 1 17
St (35455 ]| i .99 T 133 #4 kT 3 24
ajianal 134 158 .85 300 127E 113 174 iss | 58
g { STHH ) L) 150 (e 194 L5 1% 17 13 1
Mistsiza | 100400y Ll =24l | | s 208 47 45 A 43
Smadl 1 8.55) 153 30l ] 106 55 ¥ a5 4l ) 15
T izt miiied with @i estercs: ik de dain T Feret ok CHS S wimingt |1, |hey Frenms FEl, BihSFiBg and ¥
snance dollar appesr highec [£ Ehey conmeictnte o ACENOALEDGMENT

relatively snall ‘perceftage of  the Ltotal  benics
malintemanco Budget) . Thiey Tables 3 and 4 PO ide
¥RE  anSther  mesano ofr igemtifying different  sih-
claspes within the Secticsn 15 data.

CONULUSTON

The prinary centribution of this PapRE is boclassify
Eranzlk authorisjes peoording beclimate, The Ly Al —
9y has two layers, Firsk, it Eorbd Eransit aukhor =
bies into the three general cakedorias of karal, in-
bermediate, dnd benign olinntes, Second, Le Pinpsints
Che idarect climatbic Poers of traneit autharikies
within eapeh of the broader categories,

In sddition, an indisation’ %as given 4 Fo Ko
Lhese clirate Cene grovpd micht be used to inccoase
upderctanding of other festors, such as afe profiles
and perfocpance. UBeyond these, the broad gategorisg
Right  be coipicyed “in, Ffor BRanple, A cegrescion
analyels context fnvolving weveral factors celated
to wehicle performance, whils the neszesk fie Stk e
frap (Figure 3] might hLe used bo cun GOrrospareiing
stisbies on more narcowly dofined clinnke subgeoup=
irgo: Ultimaesly, boevnr . che utdlity of thase peer
gEtupe w1l likely be judged  in soniunction wich
other Fackors, ag Lhay doy o do sk, pRrmit dis=
tirckicos ee bie nade ARCThY. variables thab ste sig-
niffcant in the inplemcnbation of transit policy.

The suthors-wish o sckrowloise ERppor L from an OWIR
Heant awarded too'the Universicy of Mickigan Prane-
Pactation Reseaech Instibute, In addition, ehe ag-
Ehors wish oo Lherk Goodon T, Fiolding of the fhn=ti-
tube of Transportakion S£udicn afd Schood ol sSocixl
Sziencen of khe Univegeity of talifornia, Icvine,
Lot supplylng mateTisls sbout hiz repcarch, The maps
in-¥iguce 1 are reprinked from Cligstle Ablas of Ehe
United Scates by Esepken dargent Visher Ly pecnias
afen of Haevard Undversity Troms, The yaar Gl firgk
publication was 1054, Ereors in fact or inEarpreta—
Ltion that remuin are, of COUEAE, the authorz' alasa.
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