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I . INTRODUCTlON 

In Section II of the Appendix to the 1974 National Transportation Report 

(1974 NTR) selected individual urbanized area public transportation statis-

tics were examined to determine whether trans it systems serving different 

urbanized areas i1ave similar phys ical. financial. and operating character

istics. Although similarities in the statistics of the individual urbanized 

areas were identified, significant variations were also apparent. Exami

nation of these variations suggests that frequently the dispersion of individ

ual urbanized area values abo ut a mean value can be explained by r e lated 

causal variables . 

The purpose of this working paper is to extend the analysis of urbanized 

areas to explore the hypothesis that it is possible to develop some prelimi

nary public transportation planning norms from the NTS data. The analysis 

proceeds in three sections. Section ll provides a description of the proce

dures and results of the econometric analyses. Section III uses the econo

metric results in an analysis of transit planning norms. The first part of 

this section discusses and interprets the econometri c analyses . and the 

second part uses the econometric analyses to identify urbanized areas 

which are exceptions to the typical values for the group of urbanized areas 

b eing analyzed. Finally . Section IV suggests some conclusions about the 

possib ilities fo r using the 1974 NTS data to develop nor ms for evaluating 

public transpor tation plans . 

-1-
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II. ECONOMETRIC ANALYSES 

This section contains a technica l description of the econometric ana.1-

yses on which the r e sults of Section III are ba sed. These a nalyses tes t the 

hypothesis, state d in the introduction, tha t it is possible to deve lop norms 

from the 1974 NTS data for the d ev e lopment and ope ration of tra nsit sys-

terns. 

OBJECTIVE AND APPROACH 

The general purpose of the econometric analyses in this section is to 

explore the notion that differences in variables which cha racteriz e the per

formance of transit systems can be explained by means of some economic 

relations, including supply, demand, production, operating cost , and oper

ating revenue functions. If it is possible to specify and estimate equations 

which provide statistically good fits to the data, there is some presumption 

that these equations could then be used as norms against which evaluation.s. 

could be made of the transit plans of individual urbanized areas. In order. 

to accomplish this purpose, regression equations have, been specified for 

supply, demand, production, revenue, and cost. Proposed explanatory 

_variables in these equations are of two kinds: variables representing socio

economic characteristics of urbanizect areas; and variables representing 

performance characteristics of transit systems. 

The general appJ?oach of these analyses has been to use conventional 

econometric techniques to estimate the postulated equations. The equations 

-2-
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estimated include both linear and logarithmic specifications. Analyses 

have b e en made by individua l mode {bus a nd rail)
1 

a nd for all modes 

, . (including bus, r ail, persona l rapid transit and demand actu:;.,ted systems). 
!_: 

i i 

I I 

L 1 

i j 
I.J 

In a few cases, too, it has been possible to stratify the analyses by system 

size to make rough esthnates of economies of scale. 

INVENTORY OF EQUATIONS 

T abl e 1 is an inventory of the r egression equations used in the econo

metric analyses . The equations are organized into the economic categories 

used in the appendix and some production functions have been added. Each 

of the economic categories includes alter native model specifications (esti

mated in both linear and logarithmic forms) with alternative variable speci

fications. There is a wide variation in the explanatory capp.bility of the 

individual equations. The equations will b e discussed in detail in subsequent 

paragraphs of this supplement. 

, , . .,. Specification of the Regression Equations: . 

Each of the equations listed in Table 1 was specified from a subset 

of the set of variables in the 1974 NTS data. Since the NTS socioeconomic 

data contained only population a nd square mile statistics, s pecifying the 

equa tions to be ·estimated was more limifed than would have b een desired. 

! : In the interest of consis tency, it was decided not to introduce additional 

\ ' '-~ 

1 / In these analyses , rail and commuter rail data were combined, __ except 
in cases where a dummy variable was specified to distinguish between 
the two. 

-3-
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Category 

Supply 

Production 

- · *··- ' t.,.~, 

Desc:rlptlon 

linear 

linear 

logar i thmic 

.. 

: 

logarithmic-: 
estim ate d for 
s uhi: r oups or 
urbnnl ,.cd 
arca,s, 
dist lnRulshcd 
by system 
line miles . 

linear 

. 

,., ' 

1-n".'I :~ 1 - . ,_ ! ,........-
l _ !._l -I, •. ·• I ~ .. ...... ~ j .·C: 

TABLE 1 
lNVENTC'RY OF R EGHESSION EQUATIONS 

Gener.al Hypothesis General Form Code 

Seat miles per capita is a function stmi • r{qmi 11ml ...::_} SI 
or land concentration per capita pop pop , pop , pop S2 
and the capa bility or the tra'l~it S3 
11y11tem to provide RCrvtce (line miles S 4 
per capita, vehicles pe r capi ta ), S5 

S6 

Change In scat miles per c opito is .0. stmi • r{..E~i~ .0. sqmi 6 ~ .o,..:I._} S 7 
a func tion o r current ut ill ,.ntlon pop etm ,, pop , pop, pop S8 
(passenger mile s pe r s ent m de) and so 
changes In those factors hypo thesized 51 0 
to arrcct sent miles (line m iles per 
cnplta, vehic les per capita , square 
miles µer c apital. 

Passe nger m iles pe r c np lta I:< a 
In(~) • r{n (7 }. ln(;P )} 

S I l 
runctlo n or price and vehicle s per S1 2 
rapita. S13 

5 14 
Pos scn,::c r milc:11 per ca)llla Is a 

In(~ ) • ftn ( op;cv) • 1n c;:1 )} 5 15 
runc tlo n of ,prlr.o nnd line ml l<'f\ pe r S 10 
coplta (,ilncc the vchl r lr" me:lsure 
was unavailable for all modes ). 

Scat miles pe r c api t:i is a runct!on In ( stml ) • rtn { op;c': ) • In ( P;P )} s i; 
o r pri~e a nd vehic les per c npita. pop S18 

S19 
S20 . ' S21 
522 
S23 
S24 

Change In ~ent miles per c: nplta .0. stml • r{~} S25 
Is :i function o( Investment pc r pop pop 526 
co.pita. S27 

S28 - S29 . S 30 
. ..__ 

Year 

19i2 
1980 
1990 
1972 
1980 
10!'0 

1980 
1990 
1!180 
1990 

I !172 
1 !190 
1972 
1090 
1972 
1990 

1972 
1972 
1972 
1972 
1990 
1990 
1990 
l !l!lO 

1980 
19~0 
1980 
1990 
1980 
l!l!lO 

-------= L= _. 

!ltode 

bus 
bus 
bus 
r ail 
r aU 
r a il 

bus 
bus 
r a U 
rnU 

bue 
bus 
rail 
rail 
oil modes 
:ill modes 

bus 
bus 
bus 
bu1 
bus 
bus 
bus 
bus 

bus 
bus 
r :i il 
raU 
oil modes 
all mo.:le s 

w 
l1. 

~ 
' 

~: 
1£,,-· 
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CatH Oll"Y 

-' ·-• 

~•crlotton 

logarithmic 

loeartlhmlc 

10,arllhmlc 

loearllhmlc 

logac!thmlc: 
estimated for 
aubgroupa of 
urbantr.ed 
ar~aa. di•• 
tlngulehcd by 
system line 
mile&. 
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TABLE I (cont. ) 
INVDl'TORY OF R EGRESSION EQUATIONS 

OeMra.l HyPothesla 

ln(•~t) 
t tvn~k) 

In(~)} 
Seat mil .. per capita la a function cost 
of capital and labor lnputa, both per • f n \ -pop , 
capita. 

·-• ·--· 

General Form 

Scat miles per capita Is a function 
In(~::) · f{1nC=n, 1n(oi;:~t ).[1n(~;;k)•1n(op;:t)J} o l capita.I and labor Inputs, both per 

capita and In combination. 

I (•tmi \ 
• rfnCl;;) , 

hywk } 
Scat miles per capita Is a function In(~) 1n(~;t) 
c l capital and labor Inputs and 

n pop/ pop • 

hlghwl\y lnvcatmcnt. a.ll per capita. 

Seat mllca per capita ls a tunctlon ln t tmt) • r{1n(~~~~k} 
ol bus capital and labor Input■ pop t.ll modes pop bus ' 
and raJI capital and labor lnputa. 
all per capita. 

1n(~) 
In (~~~k) In (opco• t) } ~p bua ' pop rail • pop rail 

Seat mile■ per capltt. la a function tn (~) • fln (-lt:i'"} 1n (~) } 
or capital and labor lnputa , both pop \. pop • pop 
per capltt.. 

" . 

_________ ., _____ :-.-;.-..c:;..---.J._',_..,,,. ________ _ 

Co~c 

S31 
sn 
S33 

S34 
SJ 5 
S36 

S37 

S38 

S39 
5·10 
S41 
S47. 
5~3 
S44 

___ _,,... 

·--· L..-

Year Mode 

1990 bus 
1990 r :.11 
1990 a.II mode, 

1990 bus 
1990 r :.11 
l 99~ all modu 

1990 all modes 

1990 all modu 

1980 bus 
1980 bus 
1080 bu~ 
1090 bus 
1990 bus 
1900 bu3 
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I 
0) 
I 

------------

Cate..,ry 

D•mand 

r:~::i -• ··-- j 

Ducrlpt!on 

llnear: demand 
per capita 

ltn••r: chance In 
demand per 
capita 

logarithmic: 
demanJ per 
ca pita 

linear: demand 
utlllntlon 

_lo1arllhn,ic: 
dt-mand 
utilization 

•r'!"' ~"T::--_11\..•~<t'!...,_•~ .... ._------

---, 

·-- .. ·-· l - l -.J -f ~T:,,C t 

... 
• 

.. ~ 
• ' I -I'• -• ,. I 

TABLI!: l leorit,) 
I NVENTORY OF REGRESSION EQUATIONS 

Ci• n. ·al llypothute Gen•ral Form 

Pa~ncngc r mUc.s per capita ta a tune• ~. 1 (...9.!!!! pctpop, pclcmp, avhdwy} 
tion or land c:onccnlrallon per capita pop pop• 
a nd quollty or service . 

Passenger miles per ceptta le• tune - J!!!!! • f r qmt pct pop, pctemp, avhdwy, op rev) 
tlon or land concentration per capita. P"P pop • p 
quality or atr vlct, and price. 

Chan,te In pass .,nger mUu p..r c apita A(i~} {~!S!!!! 6 pctpop, 6 pctemp, Ahdl 
IP: a function or changes in land con• pop pop • 
cC'nlro.tlon and ln quallty of acrvlcc 
fn('tor11. 

Passenger milu per caplln ls a rune• In(~} r {ln (~ In (pkhrsp)} 
tlon or pr kc and quallty or servlco: 
L) (f>"ak•hour speed • quality qC ser• 
vice): and 

b) k•pll•I Input In a proxy for quality 
tn(~} r{ln fr;•~ lnC;;;k)} or service). 

Passenge r mile s Per ae-a.t mile ls a (2ml )• t (~ avhdwy, pctpop, pctemp, opr <'V) 
!ur,ctlon of land conccntrat1on ~r etmt pop , p 
c aplta , p rice- , and quality o f s ervice. 

Pattscna:cr mUcs per Ital mUC' 1a a L, ~)- 1 _r1n (~ In r~rsp)} 
functio n or price and quality or ecr• otml l p 
v ice 

a) (peak-hou r speed • quality of ■er• 
v ice): and 

1n (~} r{" (~ 
"(avank}} b) (capital Input la a proxy for qu ality I~ 

o( • erylce. pop 

' 1 I 

-

Cndc Ycor 

DI 1072 
02 1990 
03 19i2 

0◄ 1972 
05 1980 
06 1990 
07 1072 
D8 1980 
D9 19~0 

D10 1980 
D11 1990 
012 19HO 
013 inro 

014 1971 
DIS 1990 
016 1972 
D17 ! 990 

018 1972 
D19 1900 

mo 1972 
D21 1980 
022 1990 
023 197~ 
024 198? 
025 1~90 

026 1972 
027 1980 
o:s 1!)90 
020 1972 
0 30 1980 
031 19~0 

D32 1972 
D33 1900 

. .. ;: eYIO':lto«o7!'1JrlS~itw;r.i,~•·~~·-----

--
! 
I 

Mod • 

bue 
bus 
r~il 

bua 
bus 
bus 
rnil 
rail 
rail 

bus 
bus 
ra il 
roll 

l>us 
bus 
rail 
r:>ll 

oil modu 
all modu 

b\Js 
bus 
bus 
roll 
r•ll 

i 

I 
i 
I 

rail 

bua 
bu• 
t,us 
rail 
rail 
r31l 

:alt modt--s 
:all modes 
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T ABLE 1 (cont.) 

!-.... ,. ... ,.c :~::-4 -'Ii' ·• 
c::_ __ 

1NVl'l'ITORY OF REGRESSION EQUATIONS 
-

Catego'7 Description General Hypothesis Gcner:U Form Code Year 

Operating linear Cont• per capilo. l,o,n function of •cat op<ns t s • r ( •tmi) Cl I 0 72 

Coat■ miles per capita. pop pop Cl l 080 

'' C3 l !l!lO 
C4 1972 

" C5 1980 
C6 1990 

Jln~ar CoP11ts p!'r ('a.pita ts'"a runction or th~ opcosts • r (~ 11ml ;p) C 7 1972 
v~r-inb1c8 hypolh1:~iz.cd to r elate to pop pop • pop • c a 1972 

s eat miles. . . 

linear Co~tft per capit::i is a function of scat opcosts • r (ntml E2l.) C9 19 i2 

miles pe r capit4 ond uUll1.atlon. pop pop ' st.mi C I0 1980 
C l ! 19~0 
('1 2 1972 

Cl3 1980 
Cl4 1090 
Cl5 1972 
Cl6 1~30 
C:I 7 1090 

llriear: Costs per capita is a runc-tlori or ecat . opcosts • r ( • tmi ~) C18 1972 

t'&thnat('-(1 for miles per caplt.:i and utUiz.ation. pop pop , Slml C19 1 ~72 

sub~roupo o( '"o 1~72 

urbani7:-ed C21 19 72 

areas d i 'ltin• C22 19t10 

gui!'.hcd by si:r.:e C:23 1pno 

of tine mile C 24 1990 

system. C25 1090 

Operatln,i Jlncar Revenue per capita ht a runetion or oprcv • r ( ~ ) Rl 10 72 

Rcv<-nUl" p.3~i,en(:t>r m Uce f'C" t'" caplt a.. pop po p H2 1880 
1\3 1 !•~10 

1\4 I 012 
H5 198 0 
HG 1990 

RevC"nuc ~r c-apit..:i l s a function of oprl'.'V • ( (~ avhdw;y, potpop, pctcmp) 1\7 1972 

the varlablee br.Hc vcd to be related pop pop • RB 1972 

tu pa~scn~er miles. 

-~---Ok.--·---.. 

Mode 

bus 
bus 
bus 
ra.ll 
rail 
rail 

bus 
r ail 

bus 
bus 
bus 
r-ai l 
rail 
rail 
aU mudes 
a11 modes 
all m od<'S 

all modes 
a ll modes 
all tnodc-s 
:lll m od{"S 
all morlt'S 
all r:1odt"S 
al) modes 
all modes 

bus 
bus 
bus 
rail 
rai l 
rail 

bu~ 
rail 

,,I- , : 

-::l 

~ 

f 

I . 
I 

·--~ -- -

·~ 

.t) 
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' I : KEY TO VARIABLES 
l 

! ~ 

I i Name Description 
I l ---
I I 

stml 
seat miles per capita (thousands) I : --pop 

i l.i 
I SClm i square miles per capita (square miles per thousand 
l --
l l pop inhabita nt s) 

I 
I liml t 

! -pop line mile s per capita (miles per thousand inhabitants) 

' [ V i 
I pop vehicles per capita (vehicles per thousand inhabitants) 
t 

r pmi 
passenger miles per sea t mile at p eak hours ,. stmi 

pmi passenger miles per capita (t!.ousands) 
t·~ pop 

\ 
H oprev operating revenue per p asse11ger (dollars per thousand 

p passengers) 

I 11 k 
• .J capital investment per c apita over the period beginning pop 

I ; 
in 197 2 (dollar~) 

{ 

avank l cos t average annual capit~ costs per capita (dollars) 
pop 

opcost operating costs per capita (do!lars) pop 

hvwk highway capital costs per capita (dollars) . 
! I cost 
l_i pop 

avhdwy average weekday headway {minutes) 

I] pctpop percent population in specified band width around transit 
system 

l i [ l 

\ ..... r pctemp pe~nt employment in spE,cified band width around transit 
. l . system . - . . . . 

J~ 
l . pkhrsp transit speed at peak hour {miles per hour) 

r~ 6. change in value of the variable over the designated time 
period 

' I . data describing eithei- a rail S)'Stem or a commuter rail 
I C system {i.e .• C equals '0' for rail data, and C equals 

111 for commuter rail data-) 
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data items into the data base. The resultant spec..:_fica tion bi? s in the esti

mates mus t be recognized, alU)Ough it is difficult to appra ise' how serious 

this bias may be. Variables for land use, income. and economic activity 

were not inc luded in t he NTS data base; consequently , they a re not included 

here. 

All of the equation s pecifications given in T able 1 have been estimated 

to determine which provide the best explanatio ns of the dependent variables 

and which explanatory variab]es are significant. Many of the equations are 

statistically significant, although som e are no t. 

Supply a nd Production Equations 

Seat miles has been chosen as the best measure of the supply of transit 

service. To obtain comparable measures for different size urbanized 

areas . the dependent a nd the independent variables have b een normalized 

by dividing by population for each urbanized area. Variations in seat miles 

per capita ha ve been analyzed through three hypotheses : 

Seat miles per capita i s related to both •he intensity of land use 

(square miles divided by population) and the varia bles which de

fine the ability of the system to supply trans it services (line 

miles and number of vehicles each divided by population) • 

• Changes in seat miles per capita from 1972 to 1980 and from 1972 

to 1990 are related to current utilization (passenger miles per seat 

miles), changes in square miles per capita in the urbanized area. 

changes in l ine miles per capita. and changes in vehicles per capita. 

-9-
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• The number of seat m iles is a function of capital a nd labor 

inputs in a conventional production relation. 

T able 2 contains the fin:t hypothesis, as reflected in linear equations 

Sl, S2 , S3 (for b:..s for 1972, 1980, a nd 1990), and S6 (for r a il for 1990) . 

The R statistic indicates that t he thr ee independent variables explain a 

r elatively high proportion (more than one half) o f the varia tion in seat 

miles per capita. Equations S4 and S5 (for r ail for 1972 and 1980 as shown 

in T able 1), not included in Tabl e 2, have R 
2 

statistics of . 17 and . 27, 

respectively . Number of seat miles was e:-.--pected to relate positively to 

number of line miles and num_ber of vehicles . and to r e late negatively 
r . 
I ! to intensity of land use because transit is u sed more often and more 

: ; 
L..! 

L 

E 
f 
i . 

t. 

[. 

i . 

effectively in more densely populated urbanizerl .=trf>as . The number of 

vehicles per capita is a s ignificant variable in all of the equations, and 

the number of l ine miles pe r capita is s ignificant in equations Sl and S2. 

Intensity of land use (square m iles per capita) is never significant. 

The second hypothesis is r eflected in linea r equations S 7 through S 10 

(Table 3) whic h estimate the change from 1972-1980 and from 1972-1990 

in seat miles per capita for bus and rail as a function of the utilization fac

tor of the ratlo of peak- hour passenger miles to peak - hour seat miles and 

the change in the per capita values of the intensity of land use, the number 

of l ine miles, and the number of vehicles. The independent variables r,uc

c essfully explain a high proportion of the variation in supply tor bus and 

-10-
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TABLE 2 

--· ; .,. • ~ f F··1 ;·.-·;; ~, . ~~-l 
r-

COEFFICIENT ESTIMATES FOR SEAT MILES PER CAPITA AS A FUNCTI:)N OF 
SQUARE MILES PER CAPITA, LINE M!LE.S PER CAPITA, AND VEHICLES PER CAPITA II 

Dependent Variable: 
Seat Miles 
Population (thousands) 

Regression 
Variables Statistics 

Square Miles Line Miles Vehicles 
per Capita per Copita per Capita 

(square miles (miles per (vehicles per C* 
per thousand thousa nd thousand Dummy 

Equajion Constant lnhabi tan ts) inh ahltonts) inhabitants) Variable R2 av 

St Busi 1972 .76 .105 

Coefficient -.0147 • 0319 .224 1. 10 

CT • 0568 • 0525 .092 • 11 

p • 046 .1 91 • 790 

S2 nus, 1980 ,70 • 203 

Coefflc lent -.123 .00436 • 358 1.43 

! (7 .104 ,11461 .131 • 1 !) 

fi , 003 .248 . 697 

S3 nus, 1990 • 54 . 433 

Coefficient -.0337 -.266 .116 1. 95 

CT ,2490 .405 .249 . 38 

fi -. 072 • 059 • 679 

56 Rall, 1990 • 57 . 359 

Coefficient • 452 -.830 4.21 2.74 - .210 

0- , 244 , 475 '1:, 19 , 83 • 170 

fi -.222 . ).~' • 553 -.203 

>tC is a variable which denotes whether the data describe a rail system or a commuter rail 
system. C ·1!qual1J ' 0 ' for rail data.. and 'l' for commuter rail data . 

l/<7 • etandnrd errors or ei<timatc for the r r.u, r cssion coefficients: 
- 5 ~ etandard errors of estimate for the rl!gression equations; 

µ_ • standardized regression coefficients: 
R2 • coefficients or mult iple determination, which show the proportion or 

total v;ir!ancc e xplained by the regression equation. 
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TABLE 3 

- · l-• I 
~ ,.·~ 
• ... .,-: t . .... • ::,f r.=: L...' 

COEFFICIENT OF ESTIMATES OF CHANCE lN SEAT MILES PER CAPITA AS A F UNCTION OF CURRENT PASSENCER MILES 
PEI\ SE.AT MILE ANO CHANCES IN f,QUARE MILES PER CAPITA, Ll!'IE MILES P ER CAPITA, AND VEIUC!..ES PER CAPITA I 

rl Scot imce 
Dependent Va able: A PopulaUon (thouaande) 

Vor loblu Rr~r .. slon Statistics 

Chanic In Change In Change In I Square r,.-: 1Jea L int Mlleo V~hld,n 
per C op lta per Coplta prr C a pita 

1972 P11•eneor (equar~ mile.e Clint rnllu (vch :~·! ... : ~~r c • 
M Uc1 per Scat per U·•, u ~and per t.½ uund t.hvu■and Oumr:,y 

Equation Con1tant Mlle. peal< hour lnhot,ltante) lnhablt3ntal lnhoblU.nU ) Varloble 

S7 l'luA1 107Z•l980 
Coelllclent .0503 •~ Olr.7 . 174 . 2~ I. G3 
V ,0657 .1043 . 1 5?. . 163 . 27 
fJ -. 031 , 0◄5 • l 73 . 680 

Sa nuo1 1072• 1P00 
Co~Ulctt-nl ,0280 • I 13 , 08!18 • , 323 2. 51 
V .1 324 , 232 . : 630 , 258 .n 
fJ ) ;.015 . 022 •• 1G3 .884 

S9 R•l11 1 n 2-l 980 
Coe Ille lent ,0810 - ,00214 •, IK:l e. 0 4 3. 13 - . 0500 
tr , a Ju , 34 105 I, 32fi 6. &t I. H , 1250 
ll •• 00 1 -. oic . io~ .~ ,5 -. 084 

S10 R•fl, 1972•1000 
Co elllct,, t .150 , Ofi95 , ;31 1.22 3.90 •,0077 
tr ,218 , 30~0 , 404 3. 45 • 74 • 1267 
fJ .023 . 143 • 040 . 7811 - .003 

•c It• vorl•b lo which dtnot~, whtther tho data doaor1~• o rail 1y•lem nr" commuter rail •11tem. C oqu•I• •u· ror r,,11 dat a 
an~ •1' lor commute~ raJI data. 

f / tr• standard r-rror1 of e, ~i,.~ate fo r the re~r~aefon cocfflctent1; 
- !',• 1tanda rd errora c f r ~ttm.1t f for tt.e re1re1aion eq11atlon11 : 

p • •tandardlzed r,~re .. lor coerr!cienl•: 
R1 • coe-Ulcien,e of multiple dele-rmtnatlon. which llhOVr th e proport ion of 

tnlal ¥1rh nr.• .-•rl• fnf'ld by the r•1r•,u1fon • quatlO"I. 

! ■1 :m;;y~ • .,t::QIRiSlf..»i•$',Ullllf'ft .& ------------

R1 o.., 

,G3 .173 

. 62 . 377 

.40 .288 

.ea , 315 

-

I 
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rail. Change in the number of vehicles per capita is the only s ignifi

cant variable r e lated to change in seat miles per capita for both bus and 

rail. The s trong collinearity between line miles and number o f vehicles 

(determined from the corre lation m atrix) could be masking the relation 

between seat miles and line miles. Changes in the i ntensity of land use 

show no significant relation to changes in seat miles per capita for either 

mode or either time period. 

An analysis vvas also made to estimate the relation b etween changes 

in seat miles per capita a nd capital cost per ca pita. The regressio n equa

tion specified a l inear relation between changes in seat miles per capita 

as the dependent variable a nd changes in capita l cost p er capita and a 

dummy variable that could distinguish between rail and commuter r a il 

('O' and '1 ' , respectively) as independent variables. The results of the 

regression analysis-are shown in Table 4. Although the coeffic ient 

for capital cost pe r capita is statistically significant in all of the equa

ti~ns , the relatively low R2 statistics show tha t little of the variance in 

seat miles per capita is explained by differences in capital cost per capita. 

The dummy variable is not statistically significant • 

The third hypothesis is reflected in equation.s S31 through S33, which 

specify Cobb-Douglas production functions relating transit system 

output to inputs of capital and labor. The production function can be 

written as: y = A Kol Lb2 

-13-
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TADLE 4 

COEF FICIENT ESTIMAT ES OF CHANGE IN SEAT M,LES PER CAPITA 
Afl A FUNCTION OF CAPITAL 11\.VESTl\!ENT PER CAPITAi 

Seat l\liles 
Depen~cnt Varinble: l:. Populntion (thousands) 

Regression 
Variables Statistics 

Capital c• 
Cost Dummy 

Equation Constant p er Capita Va riable R1 Oy 

S2 5 Bus, 1072 -1 980 . 37 .221 
Coefficient • 048 • 00'.>70 
CT • 045 • 00107 ' p .605 ' 

S26 Bus , 1!)72 -1 990 ! ! 
.13 • 549 

Coefficient .134 .00305 
CT . 105 .00114 I 

i i /3 • 361 i 
S27 Rail, 1972-1980 ! I , 31 .300 

Coefficient .081 .000385 - .083 I CT ,098 , 000312 ,125 I p , 503 - .118 I 
S28 R:iil, 1972-1 90(1 . 

I 
.47 . 390 

Coefficient ,198 • 000956 -.195 
tT , 140 • 000256 , 158 
fJ • 563 -. 185 

S29 All Modes , 1972-1980 . 28 • 323 
Coefficient ,184 • 00117 
CT • 055 • 00027 
p • 533 

S30 All Modes , 1972-1990 ,16 1,738 
Coeificient .169 • 00234 
CT • 368 • 00078 
/3 , 401 

•C is a variable which denotes whether the data describe a rail system or a commuter rail 
system. C equals ' 0' for rail data and 'l' for commuter rail data. 

!_I CT • standard erro rs of estima te for the regression coeffici ents; 
CT y• standard erro rs of estimate fo r the reg:-ess ion equations: 
f3 • standardized regression coefficients; 
R2 

• coefficients of multiple determination, which show the proportion of 
total variance explained by the regression equation, 

-14-
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where: Y = seat miles per capita 

A = coefficient of e fficiency 

K = capital 

L = labor 

For this analysis , operating <::>st per ca pita has been used as a proxy for 

labor inputs and capital cost per capita
1 

as the measure of capital inputs . 

The paramete rs b1 and b2 are elasticities of output with respect to capi

tal and labor, respectively. Also , b 1 + b2 is a m easure of economies of 

scale, 

where : b 1 + b 2 = 1 indicates constant r eturns to scale, 

b 1 + b 2 > 1 indicates increasing r eturns to scale, a nd 

b
1 

+ b 2 < 1 indicates dec r easing r et..irns to scale. 

The coefficient of efficiency , A,, indicates tha t two functions which have 

identical elasticities may still have different levels of output if they 

have different values of A. The degree of facror intensity can be assessed 

by the ratio, b'2 : b 1 • A production function with a. higher b
2

: b
1 

ratio 

represents a more labor intensive activity than a function with a low 

The estimated coefficients of the Cobb-Douglas production fu_nction ar~. 

given for bus, rail, and all modes for 1990 in Table 5. The e lasticities 

1 /Capital cost is the total capital expenditure from 1972 to 1990 and dis-
- regards capital in place as of 1972. This exclusion is important only 

for the larger, existing rail systems, such as New York, Chicago, and 
Boston. Possible distortions of the results are mitigated, however,, by 
the use of capital cost as a proxy for physical capital . 

-15-
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TABLE 5 

COEFFICIE:t'-1T ESTIMAT ES FOR COBB- DOUGLAS 
PRODUCTION F UNCTIONS FOR BUS, RAIL, AND ALL MODES# 

Dependent Variable: Seat Miles 
Population 

(thousands ) 

I . 
Regression 

Variables Statistics 

Equation Constant 
bl b, R2 

(capital) (labor ) 

S31 Bus, 1990 • 50 
Co efficient . 130 . 109 • 552 
<r 1.330 • 081 . 105 

' S32 Rail, 1990 . 6 7 
Coeffic ient • 046 • 0"94 • 828 
<r 1. 321 . • 099 . 130 

S33 All Modes, 1990 • 62 
Coefficient .0768 • 0 30 . 805 
<r 1. 4096 • 079 . 130 

#I O = standard errors of estimate fo r the regression coefficients; 
- Oy= standard errors of estimate for t:le r egression equations; 

R2 = coefficients of multiple determination, which show the proportion of 
total variance explained by the r egression equation. 

Oy 

. 466 

• 982 

• 544 

,_ 
r--- I 

' 
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for labor are substantially higher than those for capital for bus, rail, and 

a ll modes. The relative size of the bus and rail coefficients is consistent 

with the notion of factor intensity discussed above; a higher ratb of the 

labor. coefficient to the capital coefficient (higher ratio of b 1 : b 1 ) indicates 

a more labor intensive activity. That is the case in equations S31 for bus 

and S32 for rail, which have b 2 : b 1 ratios of 5.06 and 8.81, respectively. 

The estimated coefficients for the labor input (operating cost) are sta tisti

cally significant in all of the equations . The statistical significance of the 

capital input (capital cost ) coefficients is low in equations S31 and S32, and 

nonexistent in equation S33. 

A limited analysis was also made of returns to scale in bus operations, 

as represented in the 1974 l\TTS data. The results are shown in Table 6. 

For 19'/2 and 1990, bus operations were stratified into large , medium, and 

small systems on the basis of the number of line miles operated . The esti 

mated parameters of the regressions conform to the expected pattern for, 

the large and small systems, but for medium-size systems, the capital 

coefficient has the wrong sign. The large systems have almost. t.'le same 

pattern of capital and labor elasticities for both 1972 and 1990 and show 

almost constant returns to scal e for both years. The R
2 

statistics are 

reasonably good for both 1972 and 1990 for the large and small systems, 

indicating that these four equations achieve about the same fit to the data. 

-17-
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TABLE 6 

PRODUCTION FU NCTIO NS F OR DUS SYSTEMS 
STRATIFIED BY NUMBER OF LINE MILES OPERATED H 

P a rame ters o f a Cobb - Douglas P r oduction F unctio n 
(bus mode ) 

System 
Size b1 b2 Returns 
(Line Miles) A (capital) {labo r) R' to Scale 

1972 

Large I 
>1000 mi!es • 088 • 324 • 652 .66 ' • 976 I 

(. 111) (. 170) , 
I • 

I 
Medium ' i 

500-1000 miles ,163 -. 104 .618 • 34 i --
(. 2 02) (.336) 

I I 
Small 

<500 miles .102 • 0022 • 616 , 75 • 708 
(.1031) (. 095) 

1990 

L arge 
>1000 miles .079 • 364 ,638 .60 1.002 

(. 137) (. 24 5) 

Medium 
500-1000 miles • 082 -. 137 • 829 • 51 --

(. 108) (. 239 ) 

Small 
<500 miles , 134 ,278 . 4 53 • 70 • i31 

. - - (. 151) (.139 ) 

HI R2
'• coemclents of multiple d eterm inat ion, which show the proportion of 

- · . total variance explained by the reg res sion equation. 
n .': number of observations. 

Facto r 
In tensity 
for Labo r 
·- ----- - --

2.01 

--

6.68 

1. 75 

--

1,63 

n 

I 

16 

12 

23 

16 

15 

17 
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The small systems show approximately the same elasticity of output to 

' , labor input as the large systems in 1972. but a significantly smaller elas-
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ticity in 1990. The elasticities of output to labor inputs are similar for 

all three system stratifications in 1972. and for the large system in 1990. 

but the e lasticity i.s higher for the medium system and lower for the small 

systems in 1990. The small systems for both 1972 and 1990 have decreas

ing r eturns to scale (implying increa~ing long-run a verage cost). The 

returns to scale are similar for 1972 and 1990, although the relative elas

ticities of labor and capital are quite different in the two years. The factor 

intensity of the production function is given by the ratio of the coefficients 

of labor and capital. The labor intensity of production for small systems 

decreases from 6.68 in 1968 to 1.63 in 1990, and capital intensity increases 

accordingly. This shift may, however. be due to the use of dolla r values 

rather than real m easures of inputs. 

A supply relation was also postulated which incorporated a proxy for 

pr~ce. ~ logarithmic function was specified. using seat miles per capita 

a :::: the dependent variable. The full specification was: 

where: S = seat m;les per capita 

P = operating revenue per passenger 

V = vehicles per capita 

c1 = supply elasticity with respect to operating revenue 
per passenger 

c 2 = supply elasticity with respect to vehicles per 
capita 

-19-
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This specification was estimated for bus systems s tratified by s ize for 1972 

and 1 990. The r esults appear in Table 7. The price elasticities of supply 

are not significant for the large- and medium-size system s in 1972 but are 

signific-::i.nt in a ll othe1· cases . 

T he R2 statistics are high fo r a ll of the 1972 equations and quite high 

for th e. 1990 equations. In general, the e lastic ity of supply i s less asso

ciated with cha nges in price than with changes in the number of vehicles 

per capita. 

Operati.ng Revenue 

O perating revenue was hypothesized to be r efa.tcd to two sets of varia

bles--passenger miles per capita and those variables close ly related to 

passenger miles (namely, square miles per capita , average headway , and 

percent of population :).nd percent o f employment within a s~ecified band 

width around the transit system). The dependent va ria!:>le specified was 

operating revenue p er capita. Operating r evenue equations were estimated 
I I , 
. for bus ;rnd r a il in each of the three time periods, 1972, 1980, and 1990. '. 

As shown in Table 8, the only variable which was consistently significant 

was passenge r miles per capita. The R 2 statistic was greater than • 4 

. in only three of the six equations estimated. 

Operating Cost 

' 

Operating cost equations were s pecified with operating costs per capita 

as a function of seat miles per capita, and also with operating costs per 

capita as a function of land area per capita, line miles per capita. and 

-20-
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TABLE 7 

COEFFICIENT ESTIMATES IN LOGARITHl'vHC SUPPLY 
. FUNCTIONS FOR BuS SEAT MILES PER CAPITA fl 

Variables 

System Size Operating R.P.•.•~nue Vehicles 
(Line Miles) per Passenger per Capita R2 

T otal, 1972 . 95 
Coefficient • C4 .91 

C1 (. 01) (. 06) 

Large, 1972 
(> 1, 000 miles) .93 

Coefficient • 01 • 75 
0 (. 02) (. l 7) 

Medium, 1972 
(500-1, 000 miles) • 91 

Coefficient • 002 • 57 
C1 (. 05) (. 3) 

Small, 1972 
(<500 miles) .96 

Coefficient • 03 .9 
(1 (. 02) ( . 08) 

Total, 1 990 .95 
Coefficient . 04 • 91 

C1 (. 01 ) (. 06) 

L arge~ 1990 l ' 
(>I , COO niiles ) .66 

Coefficient . 1 1.2 
C1 (. 03) (. 2) 

Medium, 1990 
(500-1, 000 miles) .65 

Coefficient . 11 1. 11 
C1 (. 0 4) (. 2) 

Small, 1990 
(<500 miles) .se 

Coefficient .07 1 . 08 
C1 (. 08) (. 17) 

ii I a = standard errors of estimate for the regression coefficients; 

: 

- R = coefficients of multiple determi nation, which show the proportion of 
t otal variance explained by the regression equation. 

n2 = number of observations. 

- 21-
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11 

30 
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TABLE 8 -----, 

COEFFICIENT ESTIMATES FOR OPERATING REVENUE AS A FUNCTION 
OF PASSENGER MILES PER CAPITA AND A MIL DUMMY VARIABLE ff 

Dependent Variable: Operatin!! Revenue (dollars ) 
Population 

Variable 

c~~ 

Passenger 1'1iles Dummy 
Equation Constant Per Capita Variable 

Rl Bus, 1972 
Coefficie nt 2. 54 49 .3 

a . 98 7.2 
'3 • 70 

R 3 Bus, 1990 
Coefficie nt 6. 72 36.6 

(] 1.71 6.1 
f3 .66 

R6 Rail , 1990 
Coefficient 6 . 37 39.2 - 4.4 

a 3.46 10.6 3.6 
'3 • 56 • 18 I 

Regression 
Statistics 

R2 O y 

. 49 3. 6 

.43 7.8 

.44 9. 3 

*C is a variabl e which denotes whether the data descr ibe a r a il system o r a com
m u ter r ail system. C equal s 1 0 1 for r a il data and ' l' for commt:!er rail data . 

ii I a = standard errors of estimate for the reg ression coefficients: 
- a y = standard errors of estimate for the regression equat ions: 

'3 = standar dized regression coefficients; 
R2 = coeffic ie nts o f multiple determination, which show the proportion of 

total variance explained by the regression equation. 
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vehicles per capita. In addition , an attempt was made to determine if 

u tilization of the transit system affected operating costs pe r capita. The 

relation between the dependent and independent variables was expected 

to be positive. The following relations were hypothesized : 

• Operating costs per capita is positively rela ted to scat miles 

per capita , i.e., as seat miles per capita inc:reases, operating 

cost per ca pi.ta will increase. 

• O perating costs per capita i s positively related to square miles 

per capita, line miles per capita, and vehicles per capita • 

• Oper ating costs per capita i s positively r elated to seat miles 

per capita a nd to the utilization of the system. 

The r esults of estimating the operating cost equations a re given in 

Table 9 for a ll equations with R2 stati~tics of • 4 o r mor e . A s trong re-

1..ttion was foµnd b etween operating costs per capita and seat .miles per . 

[ '. capita, suggesting that per capita costs increase proportiona:tely with : 

l I' ' l I -· 
[ 

supply as m easured by s eat miles per capita. This relation was. e s t imated 

for bus and rail systems for 1972, 1980, and 1990. The result~ also 

showed a significant relation between seat miles a nd operating costs for 

bus for all three periods and for r a il for both projec ted periods (1 980 

and 1990). Only for bus did the seat mile variable explain at least 40 per 

cent of the variation (i.e., an R2> .4, see equations Cl, C2, a nd C3 

in Table 9). 
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TABLE 9 

OOEFFICIENT E STIMATES FOR OPERJ\TrNC COSTS AS A FU!'-CTION OF SEAT MILES 
P ER CAPITA, S(~UAHI:: ~\JLES !'E H C1\PITA , Ll:S:J:: Mil. ES PER CAPIT A, VEHICLES 

P E R CAP ITA, 1\!'m J>ASSI::NGER MILES P Eil CAPITAi 

Depe ndent Variable:,: 0per:1t1ns CoSt (dollars ) 
Populati<>n 

Variabl es 

Sca t Miles S~'.lare Miles L ine Miles \'c h ides Passenger Miles 

Equa tio n C<>ns t ant p.-r C apita per Capita per Capita Pc~ Cc>pita per Seat Mile 

Cl Dus , 1972 
Coef!'ic it'nt ·l. 06 23,4 

CJ 1.29 2.6 
p • 79 

C2 Rus , 1980 
Coel!icicnt 3.34 18.6 

0 2.06 2 .7 
p .70 

C3 Dus, 19D0 
Cocffic icnt 9 , 29 14.1 

CJ 2.44 2.4 
11 I • l,);i I 

C7 Dus , 1972 
Coefficient 1.70 - 3.16 •3. 79 34, SG 

CJ 1.67 1.54 2. 71 3.36 
p • . 16 - .11 .15 

CJS All Modes, 1912 
Cocflic ient ·5. 16 24.2 6.59 

a 1. 52 2,6 1.93 i . p • 72 . 21 

Cl6 All Mode s. 1980 
Coerticicnt •4.32 21. 7 10.49 ' 

CJ 2.46 2.6 3.23 
p .10 .27 

i 
CIT All Mo cl<'s, 199( 

Coefficient 12.15 4.59 13.87 
0 3.82 1.14 3.28 
p .(5 .47 

!f a• standard errors or <'Stirna\<, for the rcirress!on coef!icicnts; 
Oy• st:indard erro r-s or t'StinuitC for the re~rt:ssion equations; 
P • standardized r.-gression co~!ricicnts; 
R1 • cod!idcnts o r m ultiple- determination, which show the proportion of 

total ,·ariancc npla ined by the regression equation. 
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For 19'/2 . bus operating costs were a l so estimated as a function of 

square miles per capita, line miles per capita, and vehicl es per capita. 

The results (equation C 7) showed that this set of variables explained 

more variation in bus oper ating costs than did seat miles (equation Cl). 

An R 2 of only • 17 (not shown in Table 9) was obtained for rail costs with 

l: this specification. In the bus equation, vehicles per capita and square 

ti 
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For 1972 , bu s operating costs were a l so estimated as a function of 

miles per capita showed a s ignifica nt r elation to costs. 

It was hypothesized, in addition, tha t operating costs per capita were 

r elated to utilization (defined as passenger miles per seat mile) in addition 

to s eat miles per ca pita . This r elation was specified fo r bus , r ail. and a ll 

m odes data for 1972 , 1980, and 1990. Adding the utilization variable did 

not improve the equation fits for bus and rail modes (the equations are no t 

shown in the table). but it did produce good fits for the all mode equations 

(see equations C15, Cl6, and C17 in Table 9. ) 

Although the coefficient estim ates are no t reproduc ed herein. equa

tions C15 and C l 7 were also est imated for stratification by system size • 

As before. three alternative size classifications were.used. In the eight 

equations estimated. only in 1972 for medium size systems was the utili

zation factor not significant. The equation lends itself to a straightforward 

e conomic interpretation. The equation is: 
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where: TC = total operating cost per capita 

x
1 

= s eat miles per capita 

x
2 

= passenger miles per capita 

Average Cost = TC 
A 

X2 

Xl 
= + B X 2 

1 

Marginal Cos t = dTC = A B 
x2 

dXl 
- X

1
2 

Substituting the size class mean values for seat m iles for passenger 

miles per seat mile s yields the average and ma1·ginal costs shown in Table 

10. 

For both 1972 and 1990, marginal cos t lies b elow average cost for 

all size systems, indicating tha t average cost is decreasing. In three 

instances .in 1972, marginal cost is d eclining ; in the fourth case for 1972 

and in all cases for 1990, marginal cost is rising. 

The average cost pattern for 1972 indicate s average costs are rising 

as system size increases; that is, the data exhibit decr easing returns to 

scale. The data for 1972 show decreasing short-run average costs and 

decreasing returns to scale (increasing long-run average cost). The data 

for 1990 show decreasing short-run average costs. Returns to scal e and, 

there fore , long-run average cost are a pproximately constant. 

The present results are not comparable with the conclusions on returns 

to scale from the production function analysis. The present analysis is for 

all modes, whereas the production function ana lysis was for bus only. 
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System Siz e 
(Line Miles) 

Total 

Large 
( than 1,000 
line miles ) 

Medium 
(500 to 1, 000 
line mile s) 

Small 
( than 500 
line miles) 

TABLE 10 

A VEH.AGE A ND MARGINA L COST 
FOR ALL MODES FOR 1972 AND 1990 

(1971 dolla rs) 

Marg ina l 
Cost 

-11. 68 

18. 11 

-14.30 

-5.69 

1972 

Average 
Cost 

19. 41 

28.50 

24. 36 

12.54 
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49 
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12 

29 

Ma r ginal 
Cost 

8. 51 

9.12 

13.94 

14. '/"{ 

1990 

Aver age 
Cos t 

22.22 

21 . 82 

23.85 

23.41 

n 

43 

13 

15 

15 
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Demand 
I l 
! I __ Passenger miles per capita was selected as the best m easure of transit 

! i service demanded. Using this variable, a number of hypotheses can be 
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formulated which suggest specifications of s imple transit demand models. 

Several variables hypothesized as related to trc=.::isit demand include : 

• Price . It i s expected that the price of transit service (defined 

here as opera ting revenue p e r passenger) will b e a n important 

determinant of transit usage. with h igher prices causing fewer 

passenger miles per capita. 

• Population density of the urbanized area. It i s expected that the 

dispersion of inhabitants in an urbanized area (measured h ere 

as square T..ilcs per ca pita ) will influence dema nd, but the direc

tion of influence is unce rtain. It could be exp ected that denser 

areas (i.e .• those with fe wer square miles p e r capita) will have 

a greater demand since transit is more convenient in these areas 

and the alternative, automobile travel, is more bothersome. In 

denser urbanized areas, however, passengers make shorter 

trips. Therefore. it is not clear whether demand, as measured 

by passenger miles. would increase or decrease with a greater 

number cf square miles per capita. 

• Coverage of the transit system . The percent of population and 

percent of employment strved by the transit system implies 
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more complete service offer ed to the passenger. Accordingly, 

higher value s of these variables arc expected to be associated 

with more passenger miles pe r capita. 

• Average headway. This varia ble describes an aspect of the 

quality of service tha t a passenger can expect. Shorter head

ways mean better servic e and should genera te more passenger 

demand. 

The relations between these explanato ry variables, in different combi

nations, and pa s senger miles per capita were estimated individually for 

bus and rail system s for 1972 and 1990. As shown in Table 1, linear and 

logarithmic d emand equations were specified. The principal r esult was 

tha t, for both bus and rail systems. the explanatory variables of square 

miles per capita, price, and headway were not sufficient to explain very 

much of the variation among urbanized areas in d emands for transit ser

vices. For bus, about one quarter of the variation in demand was ex-

plained by the variables (for 1972 data), and for r a il, 41 percent was the 

maximum explained {in 1990), None of these was considered worth repro

ducing here. Thl·.s . it can be concluded that either no consistent pattern 

exists to explain the variation in transit demand among urbanized areas 

or that additional variables will explain the variation. Possible variables, 

not i n included in the NTS data , are demogr a phic characteristics of the 

r esidents of the urbanized areas. 
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III. ANALYSIS OF TRANSIT Pl..ANKI.NG NORMS 

This section uses the r esults of the econometric ana lysis in Section 

II to determine whether it i s possible to develop transit planning norms 

from the 1974 NTS data . The first part of this section discusses and 

interprets the econometric analyses, and the second part uses the econ

ometric analyses to identify urbanized a reas which are exceptions to the 

typical values for the group of urbanized areas being analyzed. 

ECONOMETRIC ANALYSES 

The main purpose of econometrics is to give empirical content to ~ 

prior i reasoning about relations among economic va riables. In t his 

memorandum. econometric analysis has been used to define and estimate 

relations among transit variables in an attempt to refine the search for 

similarities as well as to account for differences in transit planning among 

the largest urbanized areas. Briefly, the approach used in the analyses 

was the: 

• identification of a framework which simplified the character

ization of individual transit operations; 

specification of the relations between those e>.."Planatory and 

explained variables that best accounted for individual varia

tions in the data; and 

• application of linear regression analysis, using the 1974 NTS 

data. to the 52 urbanized areas studied. 
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The framework chosen to simplify the characterization of individual 

transit operations is based on the treatment of transit service as an 

economic service. Accordingly, urban transit operations may be viewed 

from the perspective of: 

• supply an(: production (expressed as seat miles per capita); 

• demand (expressed as passenger miles per capita of service); 

and 

financial operations (expressed by the operating revenues and 

operating costs resulting from the supply of a given l evel of 

transit service). 

The analyses in this section specify relations be tween the foregoing 

variables and sets of explanatory variables. The explanatory variables 

·are of two kinds: variables representing socioeconomic characteristics 

of urbanized areas; and variables representing performance characteris

tics of transit systems. 

General Description of the Econometric Analyses 

The purpose of the econometric analyses is to determine whether 

differences in the variables characterizing transit operations may be 

explained by the suggested explanatory variables. Each of the analyses 

has three separate parts . 

The first part is the identification of specific r elations b etwe~n the 

explanatory variables and the variable to be explained. This includes 
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th e selection of which variables are to be explained, which variables 

are to be suggested as explanatory , and what form is to be used for the 

descriptive equations to best explain the relation among variables. The 

technical term for this id~ntification process is specification. 

The second part of the statistical analysis is essentia lly a measure

ment of the variations encountered. The process uses available data (i.e., 

the 1974 :NTS data) to measure the degree of variation in the variable 

to be expla ined (the dependent variable) which results from variation in 

one or more suggested expla natory variables (the independent variables ). 

The technical term for this measurement process is estimation. As this 

term implies, the mathematical r e la tion between the dependent and inde

pendent variables is not known with certa inty; rather, it is estimated 

from the data using the appropriate statistical techniques. 

The third part of the statistical analysis i s the evaluation and inter

pr:etation of the estimated mathematical relations between the dependent 

and independent variables. Although the e stimated relations are not 

exact, it is possible to determine from the statistical analysis the degree 

of confidence that one can place in them. 

Specification of Equations 

The framework for the econome tric analyses is a set of regression 

equations which have potentia l for describing the physical, fina ncia l, and 

operational characteristics of a group of individual transit systems. The 

analysis of the supply characteristics includes equations which appear to 
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b e possible causal 01· descriptive de terminants of the level of supply of 

transit service and of the magnitude of the operating costs which are 

incurred as a result of providing those services. The analysi s of demand 

characteristics includes equations which appear to be possible ca usa l or 

descriptive determinants of the leve l of demand for transit s ervice a nd 

of the magnitude of the corresp::mding oper ating revenues resulting from 

that demand. 

The framework for the statistical analyses was applied separately to 

bus and to r ail modes b ecause the technical differences between these 

two modes suggest that the explanatory variables may differ or at l east 

may exert differ ent influences on the variables to be explained. The rail 

and commuter rail data have been combined here for cases where a dummy 

variable was used to dis tinguish between the two modes. 

The individual equations are discussed here in their order of appea

rance in Section IL Because they are shown in detail in Section II (Table 

1), the equations will not be repeated here. The purpose of this section 

is, rather, to describe the findings a nd implications of the econometric 

analyses. 

Supply and ProducFon 

Seat miles per capita is the b est measure of the supply of transit 

services, when the effects of different size urbanized areas are taken 

into account. The supply and production equations are specified in both 

linear and logarithmic form, and they use both seat miles per capi,ta 
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and change in seat miles per capita as the variables to be explained (i.e •• 

as dependent varir.ble s) in the r e gres sion equa tio ns . In one set of equa tio ns 

(S1 through sr 1, the supply of t rans it ser vices i s pos tulated as b eing ex

plained by the variables: 

• squa r e mile s p e r ca pita; 

• line miles p e~ ca pita ; a nd 

• vehicles per capita. 

In a second set of equations (S7 though S10), the change from 1972 to 1980 

and from 1972 to 1990 in the supply of s eat miles p e r ca pita i s postulat ed 

as b eing d ependent on cha nge s in the foregoing va ria ble s and on a utilization 

factor mea sured by the varia ble , passenger mile s pe r capita / seat mile s 

per capita. 

In gener a l, t h e specified variables p rovide r e la tively good explan-

. ations of differences in bus seat miles p e r capita for 1972 and 1980 

but a poor explanation for bus seat miles per c a pita for 1990. The 

variables provide a partial explanation for rail seat mile s per capita 

for 1990 but are poor for rail for othe r years. In addition. a dummy 

variable was used in the rail equations to distinguish between rail 

. and commuter rail, but it did not prove statistically significa nt. The 

estimated coefficients of these equations are given in Table 2. 

The most con-sistently important explanatory variable for rail 

seat miles per capita is vehicles per capita; for bus it is line miles 
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per capita. Square miles per capita is a significant explanato.cy var

iable on]y for rail systems i n 1990. There is an inverse relation be

tween seat miles per capita and square miles per capita, which means 

a direct relation b etween seat miles per capita and population density 

(inhabitants per square mile ); the higher the density , the more seat 

miles per capita. Again, when change in seat miles per capita is re

gressed against the specified set of variables, only change in vehicles 

per capita is a statistically significant exploratory variable. 

Some '"quations (S2 5 through S30) whi::h related changes in seat 

miles per capita to capital investment per capita and to a rail/commuter 

rail dummy variable wer e a l so estimated. None of these equations (Table 

4) accounts for very much of the variation among urbanized areas in 

planned changes in seat miles per capita. Although the capital invest

ment coefficient is always statistically significant, the small propvrtion 

of the total variance explained by the regression equation indicates only 

an imprecise relation between planned output and planned capital invest-

ment. 

A set of product.ion functio•ns was also specified using seat miles per 

capita as the output (or dependent) variahh with operating cost as a 

proxy for labor input and capital cost as a proxy for capital input. 

The labor coefficient was consistently significant, but the capital coef

ficient was never significant, even for rail systems (Table 5). 
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expla ined as much as two-thirds of the to tal variance in seat m iles 

per capita. 

A limited a na lysis of the returns io scale was possible for bus sys

tems. {Returns to scale indicates whether output increases in proportion 

with, mor e than, or less than propo rtional incr eases in a ll inputs. Con

stant returns to scale means constant long-run ave r age total cos t as 

the pla nned output of the system increases; inc r easing returns to scale 

m eans d ecreasing long-run average total cost as the planned output of 

the system increases; and decr easing returns to scale means inc r easing 

long-run average tota l cost a s the planned output of the system increases.) 

The systems were stratified by size (i. e. • number of line miles) into 

large (mo r e than 1,000 miles). medium (between 500 and 1,000 miles). 

and small (less than 500 miles). Large systems show approxin1ately 

constant returns to scale in·both 1972 and 1990 (Table 6); but small 

systems showed decreasing returns to scale, These results imply that 

average costs of bus systems increase as the planned output of the system 

increases. until the system becomes quite large. At that point •. further 

t1creases in pla nned output can b e accomplis hed at approximately con

stant average total cost. 

One additional. and more conventional. supply func tion was postulated 

which specified bus seat miles per capita as a func tion of operating 
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revenue per passenger {used as a pro:-...·y fo r price ) and v ehicles per 

capita (used as a-1fl"easure of output capability ). The ana ly ses were 

again stratified by bus system size a s determined by number of line 

miles c0mprisbg the system . In genet·a l. the r egr ession equations 

explain a high proportion of the total Ya ria nce in seat m iles per capita . 

For 1972. the regression equations explain more than 90 percent of 

the total varia tion among urba nized areas in the supply of bus seat 

miles per capita (Table 7) . Vehicles per capita is a significant 

variable in a ll of the equations . and price is significant in most of the 

equations. The ability of the equations to e xplain variation in the supply 

of seat miles per capita among the urbanized areas i11 1990 i s not quite 

as good as it is for 1972. Nonetheless. the amount of explained 

variation is also quite high in thi s latter set of equations. 

The r esults of these analyses of supply and production must be 

interpreted with a good deal of caution. Although a number of the 

equations estimated provide relatively good explanations of variations in 

the supply of seat miles per capita among the larger urbanized areas. 

a number of the equations did not yield any usa ble results. The failure 

of some of the equations and the success of others may be a phenomenon 

inherent in the data. or it may reflect the inadequacy of the equation 

specification. In a number of instances, there are some a priori presum-

tions--additional socioeconomic variables would help obtain equations 

-37-

I 
I 
I 

. ' 

! 

I 1 



r 
i 
t 
~ 
I r --- --- I 
f. 

t 
; 
1 

i l 
I ! f 
I I 
I 
I 
I 

f 

( 
# 

I 
L 

D 

Li 

I ·1 
- l 

D 
n 
1: 

... 
L 

r ... 

ii 

I l 

I · 

which b ettel'.l fit the ·data. But, as is noted in Section II, more in

clus ive specifications are not possible so long as the NTS data set is the 

sole source of data . Although the equations discussed above have, at 

least in part, been capable of explaining va riation in the supply of seat 

miles per capita for the transit system variables such as line miles 

per capita or vehicles per capita, they have not succeeded in expla ining 

variations in terms of different socioeconomic characte ris tics o·f the 

urbanized areas to the degree that had been hoped. 

Operating Revenue 

Two separate equation specifications were made fo r operating revenue. 

The first was used to estimate the r elation between operating revenue per 

capita and passenger miles pe r capita . If a close relation could be found, 

it would mean tha t urbanized areas are generally setting about the same 

transit fares per passenger mile. In fact, however, only r elatively 

little of the variation among urbanized areas in operating revenue p er 

capita is explained by differences in passenger miles per capita. The 

equations were estimated for bus and rail in all three time periods (i.e. , 

six equations). In only three of the six equations (Table 8 ) did passenger 

miles per capita explain at l east 40 percent of the variation in passenger 

revenue per capita. 

An expanded specification, using square miles per capita, average 

headway, and percent population and percent of employment within a 
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specified b a nd width around the transit system provided no b e tte r re

sults. It must be concluded, the refore. t hat eith e r the r e is a good deal 

of r a ndomness in opera ting revenue per capita among th e la r ger u r banized 

areas , or it has not b een possib l e to d eterm ine what variable or \·a riables 

would e>.-plain the observed va ria tion. C er tainly the va ria bles specified 

do not provide the e»-pla na tio n expe cted. 

Operating Cos t 

Two s epara te equa tion s p ecifications we re made for o p erating cost. 

The first was u s ed to estima te the relation between oper a ting cost pe r 

capita and seat miles p e r capita. Seat mile s per capita was found to 

be a highly significant explanatory variable. but it did not explain a high 

proportion of the total variation in operating costs p er capita among the 

urbanized areas. 

In the second of the all mode equations. system utilization (i.e •• pas

senger miles per seat mile) was specified along with seat miles per 

capita and was a significant variable. These two variables explained 80 

percent and 75 percent of the total variation in operating costs per 

capita in 1972 and 1980. but only 43 percent in 1990. 

A third equation specified square miles per capita, line miles per 

capita. and vehicles per capita as explanatory variables. The equation 
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explained 76 p ercent of the va riatio n in ope r a ting costs pe r capita for 

bus data for 1972 . wilh vehicle s per capita a nd squa re mile s per ca pita 

as significa nt variables . None of the other equations with th is specifi

C3.tion expla ined mo re tha n 40 pe r cent o f the va riation a mo ng the urbanized 

areas in ope r a ting cos t s pe r capita. 

Although the econom e tr ic analysis was able to produce som e inter

esting equations expla ining oper ating costs per capita , m a ny of the 

equatio ns t ha t u sed the same set of va ria bles a nd differ ent data (i.e., for 

diffe r ent y ears or different rn odes ) did not produce m eaningful results. 

Much of the differenc e in the operating c ost data a ppears to b e the re

sult of random variation. 

Demand 

P assenger demand was measured in pas senge!" miles per capita. 

In general. it was expected that the level of transit usage would vary 
: 

inversely with price (measured as operating revenue per passenger). 

inversely with headway. and directly with the percent of employment and 

population conveniently accessible to the transit system. A number 

of equations were specified using these variables , and none e>--plained 

more than 41 perce nt of the total variation in passenger miles per 

capita . It seems like ly that a change in the equation specification to 

include more socioeconomic variables would improve the fit of the 

equations to the data. The poor equa tion fits precluded any realistic 

possibility of identifying demand norms from the NTS data. 
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Prediction of Ra il Systems 

An attempt was made to ·specify some variables that would predict 

the planning for a rail or commuter rail system . In this a na lysis 

the dummy variable, K, take s a value of 1 1 1 for a planned rail or commuter 

rail system and '0 1 o therwise. The explana tory varia bles include 

popula tion. population density. and planned highway capital outlay. Only 

some 21 percent of the total variance was explain ed by the equation. 

The population variable i s stati stica lly significant and has the expected 

sign. Population density i s not very significant, but it a ls o has the 

expected sign. Per h aps the most interesting r esult occurs for highway 

capital investment. The variable i s statistically significant and indicates 

that investment plans for r a il or commuter rail are positively associated, 

with higher highway investment pla ns, holding constant for population 

and population d ensity. This result strongly suggests that urbanized 

·areas are not planning rail or commuter. rail and highway systems 

as substitutes for one another. as might be expectec. 

ANALYSIS OF EXCEPTIONS 

In the previous part of .this section, several relations were suggested 

and analyzed, through the use of econometric t echniques, in order to re

fine the search for similarities in transit planning of the urbanized areas 

studied. Although econometric analysis provides an estimate of the 

relation between one or more explanatory variables and a dependent 

variable, this estimate is not e>..-act; actual values of individual urbanized 

-41-

l 
I ·• 



n 
D 

I 

! ll 
I • 

f L 
' -~ 
t J.. 

\ r~ 
i L 
I [l 

areas will deviate from those values which are predicted by the est imated 

equations. Individual urbanizcC: values which deviate by a significant 

amount from the p redicted values may be investigated as exceptions to 

the pattern established by that group of variables representing an urban-

i zed area. 

Method of Analysis 

The standard error of estimate (cry) i s considered a measure 

of the typical deviation which may be expected between the actual value 

of a variable and the value predicted by the regressio n equation. For 

the purposes of this analysis , therefore, the standax:d error of estimate 

constitutes a c riterion by which exceptions to the urbanized area aggre-

gate may be eva lua ted. In particula r, the process for dete rmining 

individua l urbanized area 'exceptions' m ay be summarized a s follows: 

specify and estimate regression equations; 

d etermine, for each urbanized area and each equation , 

the difference between the predicted values and the 

a-:tual values which we r e reported in the 1974 NTS; and 

• identify those urbanized areas for which the difference 

b etween the reported value and the predicted value exceeds 

the standard e rro r of the estimate. 

Results 

Tables 11 through 13 display the results of the foregoing process for 

all modes, bus, and rail. Each equation that e>..i>lains at least 40 percent 
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TABLE 11 

TABLE OF EXCEPTIONS: .ALL MODES 

Urbanized Areas R2=.62 R2 =. 80 R2 =. 75 R2 =. 43 

New York + + 
Bosto n + 
Cleveland + 
Pitts burgh + 

. Baltimore + 

Seattle 
Cindnnati + 
San Diego + 
l\-iilwaukee + 
Dalla,s 
Portfand 
San Juan + + 
Providence 
Norfolk-Portsmouth 
Memphis + 
Akron 
Birmingham + 
Tampa 
Toledo + 
Orlando 

* I + indicates that the urbanized area reported statistic was at least one standard 
- deviation higher than the value computed from the corresponding regression 

equation. ' 

- indicates that the urbanized area reported statistic was at least one standard 
deviation lower than the value computed from the corresponding regression 
equation. · 

!__/ See Table I. 
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t ' rb,infzed Areas 

N C"• ' \ ' ork 
IA• An,t-les 
Cl.it•~ 
Phi\.'ldt"lph11t 

,__S3n Fr-."cisro 
Rosto n 
W:uohrn~n. D.C. 
Clt'\' t'hnd 
St. Loc:.s 
P1tt1hur i'.:h 
&lumore 
Houston 
~t'lt\lt> 

Adant~ 
Miam i 
C1nt'1nn~11 
5.ln Dit:Co 
Mil,.111\lktt 
Buffalo 
n ,n • 

Por1bnd 
San J\lan 
Columbus 
Norfo lk-

Portsmouth 
Mt-m phis 
~ c nmr:-::G 
San Antonio 
R OChC'Stf'r 

Oklahoma City 
St. Pete-rsburc 
Akron 
B i rmini:ham 
Sprlntfi<ld. ).la5$. 

Hartfo rd 
A!h 21n\' 

Tampa 
Tolodo 
Omaha 
Orlando 

TABLE 12 

TABLE OF EXCEPTIONS: BUS 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

♦ 

I 
• /• ind le ates that ttw urbanized area reponed sutlatlc , ·a• at tca,51: one 111andard deviation ht_.her lh.n the va.lu~ computed f t"Oln the 
- cor-l"'t'spe,adlnc rif'&rc-a1lo".' equ.-1tlon.. 

- lndka.ies that the urbanlz.ed a re-a. reportt-d atath,tlc wa& at h·••t one atandard dt:viatton lower tha.n the va1ue computed from the 
correspac,dinc r-e•~••lon ~qu.atlon.. 

_!,I F.qua1ion nu.mbe-r-s corre1pond t o those tn 'fable 1 
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Urbanized Areas 

Lo:; Angeles 
Chicago 
Philadelphia 
Detroit 
Boston 
Washington, D.C. 
Cleveland 
Balt.more 
Atlar.ta 
Kansas Cit 
Portland 
San Juan 
Fort Lauderdale 
Jacksonville 

TABLE 13 

TABLE OF EXCEPTIONS: RAIL 

+ 

+ 

+ 
+ 

+ 

+ 

· + + 

+ 

+ + 
+ 

+ 
+ 

+ 

+ 

:_/+ indicates that the urbanized area reported statistic was at least 
one standard deviation higher than the value computed from the. 
corresponding regression equation. 

- indicates that the urbanized area reported statistic was at least 
one standard deviation lower than the value computed from the 
corresponding regression equation. 

!/Equation numbers correspond to those in Tab1e·1. 
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of the total variance is used to analyze extreme variation among urban

i zed areas in their transit plans or forecasts . The urba,nized areas fo.r 

which the reported values differ by more than one standard error from 

the values predicted by the equation have b een marked with a (+) indicating 

a reported value one standard e rror or more above the predicted value, 

or a (- ) indicating a reported value one standard error or more below 

the predicted value. 

Observations of exceptions for all modes are shown in Table 11 for 

all modes. Each cc1umn in the table gives the results for one equation. 

T he d ependP.nt variable, equation number , a nd proportion of total variance 

explained by the equation are indicated at the h ead of each column. 

Equations C 15, Cl6, and Cl 7 specify operating costs per capita as a 

function of seat miles per capita and passenger miles per seat mile. 

T he equations for 1972 and 1980 explain a high proportion of the total 

varianc e (as indicated by the R 2 statistic}. New York is an exception 

in 1972 and 1980, and Boston is an exception in 1972 . The exceptions , 

in this case, mean that operating costs per capita are higher for those 

urbanized areas marked + and lowe r for those marked - than would be 

predicted within one standard error of estimate from the equation. 

C leveland is h igh in 1990, Pittsburgh in 1980, and Baltimore in 1990 . 

Seattle is low in both 1972 and 1980, but this probably reflects th e 

effect s of the limited monorail system. In general , the smaller urbanized 

a reas tend to deviate above the predicted value , but t here are some 

exceptions to this gener alizatio n . 
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A tabulation of exc eptions in the bus analysis is given in Table 12. 

Th e tabulation includes s ix supply equations, four operating cost equa

tio ns , and two operating revenue equations. 

The first three equations (Sl , S2 , and S3) specify seat miles per 

capita as a function of square miles per capita, line miles per capita, 

and vehicles per capita. In these supply equations , the larger urbanized 

areas t end to deviate below the predicted values , and the medium size 

areas t e nd to deviate above the value predicted from the equ2tions . Los 

i i Angeles pla ns a larger s upply of bus service than the equation predicts 
.J 

;_ 

for 1980. Washington, D.C •• and St. Louis were low in 1972 . Chicago 

is low in its planning for 1980 and 1990. and San Francisco is low in 1990 . 

Equations S7 a nd S8 s pecify changes in seat miles per capita, from 

1972 to 1980 and from 1972 to 1990 r espectively. as a function of the 

change in passenger miles per seat mile , change in square miles per 

capita, change in line miles per capita, and change in v ehicles per·capita. 

Chicago and Baltimore d eviate below the values predicted by the equation 

for both pe riods, a nd Was hington, D. C • • deviates above the predicted 

value for the period 1972 to 1980. 

Equation S31 is a pro duction function which specifies seat miles per 

capita as a function of capital and labor input s . New York , Boston, 

a nd St. Louis are the largest urbanized areas that a r e less productive 

than would b e predicted from the equation. Some of the medium size 

c ities expect to b e more productive than the equation predicts. 
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Equations Cl, C2, and C3 specify bus opera ting costs per capita 

for 1972, 1980, and 1990 as a function of seat m iles per capita. In 1972, 

six of the firs t seven urbanized areas (except Los Angeles) deviate above 

the costs predicted by the equa tion; San Juan a l so deviates above the p re

diction. Deviations below the predicted operating cost per capita occur 

with the medium and smaller urbanized areas. Similar patterns occur 

for 1980 and 1990, except that there are relatively fewer positive d eviations 

in 1980. There i s a r eduction in the proportion of variance expla ined 

by the equatior.s in 1980 a nd 1990, which at least partly explains the 

r eduction in the number of deviant urbanized areas . 

Equation C 7 specifies bus o perating cost per capita for 1972 as a 

function o f !>qua.re m iles per capita, line miles per capita , and vehicles 

per capita. Chic~gc, Boston, and P ittsburgh a re the larger urbanized 

areas showing operating costs above that which would be predicted 

by the equation. 

Equa tions Rl and R 3 specify bus operating revenue per capita as a 

function of passenger m iles per capita for 1972 and 1990. The larger 

urbanized areas with revenues above those that would be predicted by 

the equation for 1972 include New York, Chicago , Washington , D.C •• 

and Cleveland. Conversely, Cincinnati reported 1972 revenues substan

tia lly b elow those t hat would be predicted by the equation. Of the larger 

urbanized areas, Washington, D. C. , and Cleveland also forecast revenues 

above that which would b e predicted by the equation. Of the smaller 

-48-



• 

c; 

• 

[ 

0 

u 
IJ 
! I 

I 
L 

I 
I ,_ 

u 

!_ 

. . . 
. ' 

areas in the sample. Buffalo and Sa n Juan forecast ope rating revenues 

per capita above those that would be forecast by the 1 990 equation. 

A tabulation of exceptions in the rail analysis is given in Table 13 • 

The tabula tion inc ludes four equations for supply and one for operating 

revenues. Equation S6 spE:cifies sea t miles per capita in 1990 as a 

function of square miles per ca pita , line miles per c a p it a , vehic les 

per capita, and a dummy variable dis tinguishing between rail and com -

muter rail data . Pla nned output of s eat mile s per capita in Los A ngeles, 

Chicago, and Phila delphia is b elow that which would b e predicted 

by the equa tio n. Washington, D.C. ~ Baltimore , Portland, and San Juan 

all a re pla nning outp-:.its of seat mile s in 1990 at lower levels than 

those which would be predict ed by the equation. 

Equations S9 and S l0 specify cha nge in seat miles per capiw fo ':" 

1972 to 1980 and 1972 to 1 990 as a function of passenger miles per 

seat mile, change i n square miles per capit a , change in line m iles 

pe r capita, change in vehic2es per capita. and a dummy variable dis-: 

tinguishing between rail and commut er rail. In equati0n S9, Washington, 

D. C., is the only urba nized area deviating more than one standard 

~ 2 
error from the value predicted by the equation. As indicated by the fR 

statistic, the equation explains only 40 percent of the variance in u/e 

data. so the equation is not a very good predictor of change in seat 

mile s per capita for 1972 to 1980. Equation S l0 ex'J)lains more (68 

percent) of the variance in the data for change in seat miles per capita 
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for 1972 to 1990, The change in s~at miles per capita over this period 

planned for Los Angeles is b e low that which would be predicted by the 

quation. As before, Washing ton. D. C., i s above the predic ted value, 

as are Baltimo re, Portland. and San Juan. 

Equation S31 i s a rail production function for 1990 and specifies 

seat miles per capita as a func tion of capital and labor inputs . Detroit, 

Washington. D.C • • and Portland planning reflects expectations for 

higher productivity than that which would be predicted by the equation; 

Boston predicts a lower productivity. 

Equation R6 specifies r ail operating revenue for 1990 as a function 

of passenger mile::; per capit:.. and a dummy variable distinguishing be

tween rail and commuter rail. The equation explains only some 44 per

cent of the variance among the urbanized areas in operating revenue per 

capita for 1990 and has a wide dispersion o f the data around the regres

sion line. Nonetheless, Washington, D.C • • Cleveland, Kansas City, 

San Juan. and Atlanta forecas t operating revenue per capita for 1990 

below that predicted by the equation. 
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IV. CONCLUSIONS 

There were two major objectives of this Appendix . The first. 

accomplished i n Section II, was to display selected data for i ndividual 

urbanized areas concerning their planning for urban mass transpor

tation. The second objective, accomplished in Section Ill, was mor e 

analytical. This objective was to investigate whether or not norms for 

certain physical, finandal, and operating characteristics of urban mass 

transportation pla nning could be developed from the 1974 NTS data and 

to determine which of the norms would be u sable in evaluating the 

public transportation plans of individual urbanized areas. 

METHOD OF ANALYSIS 

The search for a set of norms was based on an analysis of the 

1974 I\1TS data. (These data are composed of submissions from the 

. 52 largest urbanized areas_, i.e., _those are~s that repo_rte~ 1972 pop

ulation estimates in excess of 500,000. Together, these areas account 

for nearly 95 percent of all planned capital investment in mass trans

portation between 1972 and 1990.) 

The analysis of the data proceeded in the following four stages: 

• identification of a framewo:-k for analysis which s impli

fied the review of NTS data am! provided an appropriate 

representation of the physical, financial, and operating 

characteristics of the transit industry: 
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• investi_gation of the consistency among urbanized areas 

through a na lysis of the m eans , medians. and coefficients 

of variation of selected NTS statistics relative to local 

area or transit performance characteristics; 

• identifica tion of a set of multivariate relations which might 

be specified as causal or des~riptive determinants of ~he 

physical, financial, and operating characteristics of 

t ransit operations; 

• application of l inear regression techniques to estimate 

the prec ise nature of these r ela tions and the accuracy with 

which they m ight be considered to represent the charac

teristics of mass transit within the group of urbanized 

a r eas studies; and 

• identification of the u r banized areas which diverge sub-. , 

p r edicted by the regression equations. 

FRAMEWORK OF T HE ANA LYSIS 

The frame work o f this analysis t r e .. ted t ransit as an economic service . 

Accordingly , the supply o f . seat m iles per capita of various transit 

systems was associa ted with s pecific capital investment a nd oper ating 

eJq>enditures . Similarly . the am ount o f t r ansit pat ronage (i , e •• passen

ger miles pe r capita) was ass ociated with a set o f t rans it ser vices a nd 

a price (fare ) a t which those s er vices are o ffe red. Far e and patronage 
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together, determine transit operating revenues, Thus, the 1974 NTS 

data were analyzed in terms of supply (using variables for both the 

level and the quality of supply), demand, acapital investment, oper

ating cost, and operating r evenue characteristics. 

ECONOMETRIC ANALYSES 

In Section III, econometric techniques were applied to an a priori 

set of relations among variables expressing transit characteristics, in 

order to ext.end the search for norms in those char;icte ristics . The idea 

was to see if variations among urbanized areas in the characteristics of 

their transit systems could be explained either by variables r epresenting 

socioeconomic characteristics of urbanized areas , or by other variables 

representing performance characteristics of transit systems. Only the 

latter set of variables proved to be statistically significant after tran-

sit ch.aracteristi~s \~er.e normali~~d-for populatien. This. re~ult prob-:

cibly occurred for two reasons. First, ;.tis reasonable to expect 

population to be the variable which would be the principal determinant 

of differences among u r banized areas in transit system characteristics. 

Consequently, when the data are normalized for population; much of the 

variance is removec. . Secondly. the only other socioeconomic charac

teristic in the data set was the s ize, in square miles, of the urbanized 

area. As a result, the data did not really have enough socioeconomic 

characteristics of urbanized a r eas to determine how effective these might 

be in explaining variations in transit characteristics among urbanized areas. 
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Estimation of the regr ession equa tions demonstrated that some of the 

explana to ry variables were significant determinants of the values of the 

corresponding transit performance measures. The regression analysis 

was , in many cases, an improvement over the previous a na lysis of 

means, medians, and standard deviations in explaining variations. 

Although the econometric a na lyses yielded a number of interesting 

results, the overall result was not sufficiently consistent to allow an 

generalizations about the exis tence of t r a nsit performance norms in the 

data. The indications are hopeful, but not conclusive. 

The results o f the analyses lead to two specific r ecommendations 

about further research efforts in this direction: 

First, similar analyses should be conducted on a larger 

sample of actual operating data than was possible in the 

present analysis, which was l imited to 1972 inventory 

data. A larger data set of ope rating experience would · 

potentially yield better results. 

Secondly, as has been pointed out before, a larger set of 

socioeconomic data would potentia lly ·be he_lpful in ex

plaining more of the varianc e· among urbanized areas 

in transit performa nce chara cteristics . 
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