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) - The purpose ‘of this study is' to devepr A framework for appraisa1

-

of urban na1lway relocatwon prgggcts A case study of ra11way re}ocation
in Lquon Canada. 1s‘jnc1uded N1th regard to raijay location and ;\

service, three po11cy‘blternatives are discussed A1) Maintain the

A

<+ status quo; (2) Relocate part ot all of the ra11nays-in.vari9us ways ; :

and (3) Gréde separdtion. Beneffts andfcosts of these a]ternatives eé:

»

’ . 1dent1f1ed and the estimat1on methods of eacn discussed. Thedmain
benef1ts of.ra11way relocation are: (\) Savings 1n vehicle trave] time ’

and operating expenses, (2) Net SEﬂefit of generated travel;, (3) Reduc-.
tion in 3cc1dent~rates, (4) Land released for- redeve1opment and (5) |
. o Improvemeht of areas abutting ra11wey ?ac111t1es BEnefits (1) -(3)_may
be rea11zeg to a different degree, by grade separatien The main costs
o of railway re1ocatxon are: " (1) Capital costs (2) Raf]uay operating
" costs; (3) Tzansportatwon and.relocation costs for ra11way users;-
(4) Transportation and relccation costs for non- users; and_(s) De]ay in .
trafﬁc while construction is in progress. COStS (1), (2), and (5). are
150 1ncurred to a different degree with grade separation Three ‘
- alternative relocat1on schemes and a grade separation scheme in [;;den

N
are evaluated. The main concTus1on reached is that with a discount rate’

of teg per cent per annum, none of the schemes appears justified "
eqpnomieaIIy The study also briefly examines distributiona] effects of
railway relocatioh projects. The problem of finencing urbenlra11way

relocation projects is discussed as well
f
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%, .- CHAPTER.I

. R » INTRODUCTION ~°
. . L4 - Q
° | ug ' ’ '|f ’ S SN '
. ‘Many Urban areas are debat1ng whether to re1ocate the ra11ways
S
wh1ch pass through thewr tentres. The cost of each of these re1ocat1on

o projects -runs into m1111ons-of do]]ars 2 Furthernnre, their 1mpact‘on
,urban deve1opment is usua1ly expected to be protpund Yet, aTmost no
"o economic analys1s of the effeets of these prOJects is ava11ab1e to
gu1de public poligy nmkers in eva]uat1ng re1ocat10n proposals The.*,
purpose of this study is to deve1qp a framework. for appra1sa1 of urban

fra11way re]ocation prOJects ‘ A case=study of. ra11way f€1ogat1on in 5 ;
London, Canada, is 1nc1uded ;' v . o

f
Py L g - R ¢ " - - o
. Yy IS . N 2

) " ]See the:list in Table I.1 for railway relocation’ projects in
. Canada; In.the 1950's and’1960's, almost 50 communities in the .
United States prepared detailed plans .for re]ocation according te U.S.
. Department of Transportation (42)." It should be,noted that although
. cases of raw}way relocation or abandonment 1n°urban areas are known to
Lo , -have existed/as ‘far back as the turn of the century,. there was no
©. -« - systematic approach. It is only recently that railrdad rélocation
T ‘.emerged as a recognizable factor in urban deveTopmént. See Rotoff (38). -

o zFor examp]e, Giilha 3 ra11way relocatlon program, carried "out
Targely between 1947 and 1967, cost about, $42 million (Ministry of .
_State for Urban Affairs, Ottawa, news. reléase, 10 10- 1972) :
3The City of Lachine and ‘the City of Sudbury have done wery .
- eTementary studies’of their relocation projects. * False Creek in ~
. ‘Vancouver and the City of-Ottawa have also done sfudies, but we have
+not been, able to obtain copies. The most comprehensive railway
* . relocation studies are the Winnipeg Railway Study «{33) and the
R ) Sault Ste. Marie CP Rail Relocation Study (36). At a Iate stage.in’
P writing this thesis, we also- came across U.S. Department bof
.| Transportation (42), and Rdtoff (38) ‘A review of some of these studies
. is, contained in Append1x AL . \ .
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' o Railway Relocation Projects in Canada . ‘ ]
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‘Q Railway Relocation Projects Completed. : R
“Hu¥l, Que g | - Saskatoon; -Sask. ’
Lachzne Que. . " St. John, N.B.

-Longue1]_ Que. -, . | : Ottawa, Ont. *
fd 1 E : ’ \ ’ ) - [
° . Railway.Relocation Proposals Before the ‘=, -«
Canadian‘f?angpor; Commission ' 3? .
Brant?ord ont. L ' Peterborough, Ont
“Calgary, Alta. ‘ ' Preston-Galt, Ont.
Chicoutimi, Que. . ‘ K Quebec, Que.
Drummondville, Que. Red Deer, Alta.
Fredertcton, N.B. : . e Regina, Sask.
Hamilton,@Ont. . ., Renfrew, -Ont. .
‘Kitchener, Ontsg . St. Thomas, Orit. -

\ ‘Lac Megantic, Que. B * Sault Ste. Marie, Ont..
Ltndsay, Ont. : o Thunder Bay, .Ont.
Medicine Hat, Alta. .- -« Tillsonburg, Ont. \
Moncton, N.B. : Wetaskiwin, Alta. _

. New Waterford, N.S. L White Rock, B.C. .
,Niagara Fa]]s, Ont, -+, ° Windsor, Ont -
North B ,» Ont, : . Winnipeg, Man
Pemgroke Ont > . Yorkton, Sask. .

L o P ’ ' . g

Source: Ministry of State for Urban Affairs, Ottawa news release,  ° 3
10-10-1972. , St . ,

v . -

*Othe}bcompleted'ra1]way relocation projects fnclude: Winnipeg-
Midland, Winnipeg-Harte Subdivision, winn1peq Fort Rouge, and Victoria- .
ville, Quebec See Rotoff (40) '

-
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/ N1th regard te'rallmay Yocation and service, four a1ternat1ves
) s, . Q“J . Al 1+
. ane poss1b1e T ) ' .

(1) maﬂnta1n the status quo (STATUS QUO),

(2) retocate part or all of the rai]ways in gne of the °

" f61lowing ways: 4 . _ ) I

(a) consol1date through services onto a sma]ler number

of rail. 11nes within the urban area and ma1nta1n
&

Jocal- serv1ce (CONSOLIBATION), ] ‘

.

(b) - relocate through services from the urban area to

’ ,areas"ountside the. city, but maintain local service to

. industries ‘in the urban area (PARTIAL RELOCATION):
(c) .relocate through serv1ces "and discontinue local
service to 1ndustr1es (COMPLETE RELOCATION),

(3) 1eaye the location® of the raiiways and their serv1ces

, unchanged but do someth1ng to reduce the ra11ways

a1terna

- external -effects, e~g , adopt measures to reduce ra11way

po]lution, app]y ‘safety devices to rEduce acc1dent rates,

and bu11d grade separat1ons ‘at road- rail level crossings to

reduce congest1on (GRADE SEPARATION), and -
(4) d1scontrnue all ra11 services (DISCONTINUATIONYT

In this study we evaluate’ a]terqat1ves (1) -(3) but not’

4
rather
R

tive (4). The analytical technique we use to-evaluate the
o X ,

" The fo]]owing three typé& of relocation are 111ustrative

than exhaustive. .

]

*




a.fternati‘Ve pQHmes is .cost- benef'lt ana]ysis J

bene«ﬁ ts with the’ social costs for aTternaU ves (1) - (3} abpve : We‘

AR M u

cons?\'ler both effic1ency of resource al’locahon and d15"t'r1b’gt1ona1

o 4

ef,fesets NN | :

\

Chapter II-givgs an»acc’oimit of ;the nature of ,the"ber'ie?its‘ and
"“costg of the alterfiatives.\ Chapter 11 .ex"amine.s the benefits and
cos§'1n more detail and.diséusses estimation prt;\égdur;es Chapter IV
\)r’éswts estimates of benef1 ts and costs of the alternatives in London,

Canada Chapter v d'lscusses the distributional effects of the

alternatives., Chapter VI concludes the study with a brief discussion"
<

of government policies and fimancing of railway relocation projects.
4 - R ‘ 4

[ 4
L 4

N

<

v

. SFor some genera] references on cest-benefit ana1ysis, see
Das Gupta and Pearce (8), Mishan (19), ‘Prest and Turvey (24);
Layard (32), and wo'lfe (30).

we’cornpar-e the s:oc'fé'kf*,m
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AP SOCIAL BENEFITS AND COSTS BF URsaN o
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A. Intr‘oduct'i‘o“:w"1 S "~‘-’ o ' f

- *
- ’.\ : L*‘

In this: chapteF we present the’ bas1c $ramework used xn eva1ua- o

o

ting ra11way re]ocat1on proposals We 11§f and briefly discuss the

) +
social benefits and costs assocrated w1th ra11way're1ocat10n and brade
separation. These<soc1a1 benefits and costs can be qu1te different

from the pr1vaf3 enef1ts and costs of rai]uay re]ocatwon ﬁgéjnd1v1dual

groups. The pr1‘ate benefits and costs ?or some. groups "are discussed

in 6hapter V.

B. Benefitf and Costs of Railway Relocation . - . ' o

ion with other transportation or urban deve]opment~p?ojects,
1ook‘at polar cases. The two polar casés aré (a) maintain1ng
the,Status quo -- alternative {1) 1n Chapter I above --and_(b) relocating

railway activities.outside the urban area --aJternative (2.¢) in

ALhapter I. The benefits and costs of railway'relocatién will be

'discus;ed in terms of thése two extremes. 'They can be easily modified .

to accommodate intermediate-cases.
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<7+ W31 Benefits of Rai]wax;Relocat1dn,Compared with Status Quo

‘!a;,.‘

It is p0551b1e to identify f1vejpategorié§¢pf aggregate censump-

tion benefits from relocation of ra11way5*out~of’urban areas,] name]y,‘

. 1. Savings in road travel time and vehwcleagperat1ng expenses;
. . 7 N

'

-

' Net benefit of generated travel;

2.

o3 Reduction’in accident rates; . . : ' .\QtTJ, ’
4. land reTeased for redeve1opment, and - -JJ -
5

Imprﬁvement of areas abutting railway fa6111t1es : z,{

These are discussed in turn below. ' .

1.1 Sav1ngs in road travel time and vehicle
operat1ng expenses

Savings in road travel time and vehicle operating expenses for -

street traffic may occur. under different circumstances.

LIy

(a) . STOPPED AND DELAYED. Re16cation e]imin&tes existing read-
rail level crossings and hence the delays imposed by .railways on street
traffic. Each time a train passes a roaderail_leyel crossing, street

traffic slows down and stops. 'People lose time and vehii1esinse'fue1

while they wait at crossings. Thus, removal of a rai?way:wbuid reduce ..

both travel time dand vehicle operating expenses. ﬂ

(b) . MECHANICAL DAMAGE. Level crossings are roudh apd may, at
. . . ‘ - _
normal speeds, cau§e mechanical damage. To reduce the potential damage

. many motorists slow down at level crossings even when there 1s no train

- d

: 4

’ ,

]In a general equ111br1um model of the economy, one m1ght -

-

identify other, less direct benefits. As in all cost-benefit ana1yses,_ :

we assume that such indirect effects are small enough that we are
justified in ignoring them. -

.

<)
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-

or'train warning. The eltminat1on of the grade cross1ng would save the .

motorist the cost of s]owing down and accelerating the vehwcle, the'V

cost of any mechanlcal damage and the value of’the motor1st 'S t1me

{

consumed in- th1s de1ay

—
’

(c) “DEPART EARLY Before re1ocation some indlvxduals, espe-'
‘cially those go1ng to work, may start themr trips early, 1n order to ;“

allow a margin of safety Tn case. they get caught by a traln In th1s:
¢

P

" case, the time sav1hg rdsu1t1nq from relocat1on 1s not'on]y the

» ,
occasional .time spent waﬂt1ng,for trains’ to pass but the da11y safetyi

margin, as well.
' (d) DEVIOUS ROUTES Before raﬂ1way relocat1on some veh1cles
"omay take Tonger routes in order to avo1d the poss1b111ty of be1ng
“de1ayed at 1eve] crossings The e]1m1hat1on of the Tevel cross1ngs

‘would allow theni to take shorter ‘routes: cé would reduce both

. trave] time and vehxc]e operat1ng penses After\nelocat1on motor1sts

' ~
may be able to use troutes that ev1ous]y d1d not have ‘either a level
R > . . . A ’n -
'crossing or a grade separati . . :

(e) CHANGE AN ORIGIN/DESTINATION. As a result of railway™

re]ocat1on, there may thanges of t?ip origins and destinations

(i.e., changes in th

14

_other areas in“the c1ty to areas #n which traff1c was previous]y

locat1on of economic or socia) act1v1ties) from

subject to de]ays 1mposed by ra&ilways.

[ ] . 1%

-

The ébove'poténtip] savings in travel time and vehjcfe .

operating expenses accrue to metorists who travel in the areas from

. 4
. o fd . B
which railways are removed. However,-motorists in areas where the new

<

139
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‘,,/”J 1.2 Net benefit of generated-travel

PN
Ia [ [ B
* . -
L A
VoL e
- T

- ‘” .

. . e 1 ’,

v 1 4

L ' .

:. /

ra11way 1s to be 1ocated tend ;o 1ncur add1t1ona1 transpon;at1on

‘x*f _ﬂ«>€35ts, and these 1ncreased costs sbould be deducted to .get net .

sav1ngs 1n trave1 time and vehie1e operating expenses A}so, there may
be some«net changés in congest1on on urban streets as a result of the

- various adJustments d1scussed above,  and the amount saved shou]d be

2 <

caTcu]ated net of any such increase ! Some local 1ndustr1es may

transport more 1nputs and products by . truck as a-result of;d1scont1nua-
t1on of local ra11way ‘service to industries: 2 Consequent]y congestwon
and hence travel t1me and veh1c1e operatlng expenses may’ 1ncrease on

T

some streets, and these increases shou!d be deducted .

A1
.
B

; To the extent that ra11way relocat1on reduces costs of veh1c1e
-travel more trips may. be taken. The net benefit of the generated
travel 1s a bene$1t of railway re]ocation Shbuldctne generated

travel result in congest1oﬁ on some streets, the net benefit of

v

generated travej should pe calculated net of the addjtiona] congestion
" i3 ’ ) 4 o e
_posts.%a )

PR

" 137 Redugtion ip-accident rates el

) B e §
. &= .- Ratlway installations on high emba#kmentslqag road-rail level -
s : # ‘\

crossings presedﬁ'a safety hazard to pedestrians agd vehicles.

Elimination of road-rail crossings as a result of r8{1ﬁay relocation
- ' p ! .
- i
2On the other hand truck traffic in the urban area may be
reducéd if many firms relocate . .

v e R

e

2aIf there is no épt1ma1 pricina (7. e., equat1nq~pr1ce to marginal
socidl cost) with urban travel, the net benefit of qenerated travel may
be negative. -
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Tnis should be calculated on a net . .

‘o

- ; 3
will reduce accident rates.

basis, i.e., net of increased accidents at new grade crossings. Lo
- f ' " :

1.4, Land released for redevelopment . : ‘ 0

’

‘oo Another consequence of railway relotation is that some urban

?

4

railway land is re1eased for redeve1opment It ceu1d be used for

; residential, commercial or 1ndustr1a1 punposes, or it eould be used

‘for Bub1ic facilities such as parks and higth&s. The use of the

3

released land for non-railway purposes may be Beneficia1f‘ Larid may
-, oa ¢ R . N

have to be convérted from other uses in order -to elocate” the réi]wqy.

~

The ¢ost§.of using the)land in the new location must BeAdeduqted from

‘the benefits derivedﬁ rom the released land to‘obtain the net benefit

of relocation. _ ‘ T T

1.5 Improvement of areas abutting
~railway facilities

P : :

T— * -
! * © S~

Railways and their dependent 1ndustries Jimpose exteﬁﬁé] dis-

P £

economies on surrounding ne1gn299rhoods in the form of no1sef ufbtat1on,

<o

air, and "visual" pollution.

-

Hence, remova1 of €he rawlways may improve

. 2=

adjacent areas. 4° of course, the extent to whlch these areas are - -

improved depends on the subsequent use of the released land and ;hene .

ey ¢

may be deteroration of the environment at the new rallway locatwon

The retease of urban land and the improvement of the environment

in areas previously adjacent 10/rai1ways may make possible redeve]obment

s

(=}

) 'aMaintenance and policing costs may also be reduced.

4Some'df the'extg!nal diseconomies may not be reversible if
ppople object to the high embankments, etc., even if there are no
trains. . . .

-
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\ e s “ . . - @
‘ : of large areas, the net benefits'of wh1ch might exceed benef1ts (4) and

(5) a]one Among other thwngs,‘there~m1ght be a réduct1on of b11ght

y‘ -

L and-slums. If sTums represent suboBt1ma1 resource use due to

'externa11t1es, redevelopment of s]ums may enta1] benef1ts ot_improved

. resource Qllpcatjon.s T - - .
&, Apart from benefits (1 5), attempts are‘sometimes made to
, 4 justify proposals for. rarlway relocatien on the grbunds that they would N

revive commerc1a1 act1v1t1es 1n‘}he central business dlstrﬁ.q?(CBD and
augment the financiat resources (tax revenues) of the c1ty However, ;

. even if raitway re]ocatIOﬁ has such effects, these 1nvo1ve pr1mar11y

- itransfer payments of changes in ‘the d1str1but10n of income betweﬁn

communities rather than aggregate consumpt1on bene?Tts Consequent]y,

-

- they are d1scu'ed in Chapter V.

‘In Chapter I we outl1ned a1ternat1Ves to e1ther the status quo

[N [y

‘ ﬁor're1ocat1ng akl. railway act1v1t1es outside the urfan area. The

s

benefits of alternative (2. a),’conso]iﬁation of through service onto a
sma11er number of ra11@11nes, and alternatiwe (2. b), removal of

thnough serv1ces ‘but maintenance of local services to industries, are

. i s

<

- ,-,' ) Y ' -
Ty 5For a discussion of the causes of slums and the benefits of
sTum c]earance, see J.-Rothenberg (170), especial]y ch. III.
[§ ‘ .
N - tE 6In addition to benef1ts (1) - (5), we may list the fol1owing 2

o ratlway installation bisecting a city maKes the rational provision of
vy municipal services extremely.difficult and may cause ‘delays to '
.~ ambulance and fire fighting-equipment. Railway re]ocation would

overcome these problems. |

. ‘ 7See/Rothenberg, op. cit.,~ch./IV. This ignores possible

externalities associated with a prosperous CBD.

-




. similar in nature to the benef1ts of aTternat1ve 2 c);Jisted above. - .

:'However, the magn1tude of the beneflts of these alternat1ves wou‘!

-

'probab1y be smal]er than those of (2.¢).. The-ch1ef reason is that.some

a11way fac111t1es w111 FEAN _ 1n the- urban area and‘benef1ts of

railway. re]ocatwon cannot be fu11y ;ea11zed

%
-

- s

. B.2 Cos%s of Rai]wqy Reloc¢&tion Compared‘with Status Quo

-
2

We may d1st1ngu1sh fave categor1es of‘aqgreqate consumpt1on costs o

)

of ra11way relocatlon, name1y
1. Lapi ta’l]costs 3

2. Railway operat1ng costs; .

Transportat1on and re1ocat1on costs for railway USers,
._,Transportat1on and‘re]ocat1on costs for non users, and

De]ay 1n traffic whlle construttion is in progress.

-
-

'Each of these is d1scussed in turn. R I

-
- -

E-4

2:1 -Capital cosis:

Cap1ta: costs 1nc1ude costs of (2) acqu1r1ng propért1es “for new

railway fac111t1 s; (b} construct10n of new railway fac111t1es, e. g ,,
7 @
_tracks, yards, s1gnaJs, qrade separatioﬂ?z (¢) remov1ng old tracks and

1nsta11at1ons, and (d) eng1neer1nq To obta1n net capﬁta] costs, the

a]vage va]ue of ex1st1ng ‘Facﬂ:@es shou1d be deducted 8 Lo

- . 9
<

~ - ‘o

i ’ B o T ; -'1_ - : .
- As will be-elaborated in Chaptér'lll= the. capltaf tosts.of’
obtaining -thg’stream of nét benefits is not the .capital cost of.
relocating. the raitway. This cost. must be adjusted-for the fact that

the existing railway, fac111t1es wou]d nebd to be replaced with1n ‘the
'per1od of study .




v

ta

-

. 2.2 Rai]way operating costS‘ ‘ -

The ma1n items of raz]way operat1ng costs are: o(a) Crey wages;

\ o

{b) fuel, and” (c) maintenance- and other operat1hg costs of 1ocomot1ves,

cars, tracks ﬁyards, and other structurest, These operat1ng costs may

3 v -

be 1ncreased“1f ra1lway relocat1on resu1ts in 1onger track m1feage “ .

and runn1ng times, However, ra11way re]ocat1on may'reduce railway f

L

‘ operat1ng costs beqause of faster tra1n speed reductlon 1n level

[ A <

crosszng qaintenancé and more eff1c1ent yards and more modern equ1p-

" ment and’ fac111t1es - . . S >
.\,J af R . a: . ‘\\ — ) o .. R o »
"2.3" Xranspdrtation and re]ocation costs - - o,
for- ra11way users » ; ' - ; : - &
’ B . - . ,
¢ - Transportatiin:cbsts for'fjrms and ‘househo}ds which use the - ¢
' - _ F o PR n

[

failway will {ncrease if relocation ‘and discontinuation of local s
. . < P an ) M - .

hd : . . .

. service move the railway away frqm tbem, Some industnies whichvarer

located near the old. ra11way may move and incur relocatvoh costs. .

‘o < L0

However thws will not“be a dead Toss to 1ndustries which\fand thEIP

¢ B T.
present 1ocat1ons/uqdes1nab1ev "Their new locations and neh set ups may

-

o

: 51mprove their operating efficaency and save transportation eosts.

A -

For 1nter—c1ty ra11 passengers,-rq]ocat1on of ra11way may mean . )

- longer travelT1ng d1stance to and from a rail termina1 forl1ntra-c3ty .

ra11 commuters, ra11Way re1o¢atuon may réSu?t din- reduced or 1ncreased

I e

commutlng t1me depend1ng oh the change 1n,route m11es and speed of the

v . e

tra1n ’ T L o .

<

2. 4 TranSportation and. relgga;1on costs - -
- for hon- users T s :

L] N v
# N © Pl

o

@ -\ : ’

s X7
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have to trave1 1onger d1stantes to work and thus 1néur addﬁtnona]

VN < . « . o
s Nl Leode N

. eommuttng costs or move and thus “incur re]ocat1on costs. -

- o — . ..
N o . L, T . B . < - . <
- . . n ? 3 4.\ A = . s, - . N ¢

- .2.5" Delay in traff1c wh11e cpnstruct1on - B I . ) ; (.
RS I 1n prdy ess ° - . S

- I °°4___°' > - -,” ©

P Ve [ - . .
® > . IS

Veh1c1e traff1t wi]! be delayed wﬁg]e construct1on 15 1n o °

[ ° <

Fi

s 4 -~ <

progress it both “the o]d and new¢Jocattoﬂg ° Ineadd1t1on, construct;on - el

Y P . A - .
o adds to- air, no1se aﬁﬂ v1sua1 po]]ut1ont c S . -
: R B 3 T T
A '-' “ - N - ‘%-’ * ¥oer i o.: “o - X : s .-Q,

cl o These f10e cateqorwes of oosts a1so app1y to alternatwves T e

s

(2 a), and (2. b) However the hagnntudes oT the Cost§ would be e

c d1fferent Tf e1ther a]tern&t1ve @2 a) or £2‘b)cwas,chosen‘ ¥° B ,

ne 3 o,

a 5 A - - . v

4 - - P P . s Lk e . 2 9 [
o < . - a, | e . " °- o o . .

B . ° > . . H ..

El < - ocg . @ e

C.. Benef1ts and Costs Qf Grade §ggarat1on T ;° R - .

cod o s . P . T c 6

o

' < Yo o he o
9(//A:3 So far‘\mghaye compared‘glternat1ve 62), re1qpat1dﬁ w1th , e

Sy Ty

a]termat1ve (F),omalnta1nwng the statUs quo.0 Instead of refocat1on,

] FCASR I o s e

hOweVer tneasures ebuld be takeo to reduce some,of the adverse effects :

g ’ AP §

c of ra11way fac111t1es on‘the urban commun1ty . For exaﬁﬁ*!‘ tunneﬁs and e
‘other barrTers can be bu11t to reduce ra14way notse and visua& p011u_ . f

’ " / ) : . " v ’sy ’t'h J_ kS
a-t1on. More advanced swgna] systems can be 1mp1emented to enhanCe LT et

motor1st and pedestr1an safety Grade separat1ons can be constructed“

ES s

-5 at 1evel cross1ngs to reduce road«rai] traff1c conf]ict AT1 of theSe )

- o" - ¢ .
°

T

measures can be taken together w1th any ra11way ﬁelocat1on scheme’ v .

[+]

]

_fr i However, the benef1ts énd costs of such measures shou]d be eons#!ered

separately because,,under certa1n cond1t16hs, these measures can ’be~ g . »

2

regarded as d?ternatlvés to and not as part of raiTway re]ocat1one Ne

o .

sha]? now cons1der the benef1ts and costs assoctatéd thh GOnstﬁ;atqu -

o

of -grade’ separatfons ‘ o Tt . -;, T




', €1 Behef1t$ 0* Grade Separet10qﬁCompared w1th Statu§ Quo.

& o € < & o

Some of the benef1ts of re1ocat1on can be achreved (to a ore

d1fferent degree) by bu11d1ng grade separat1ons at more.. road ra11

cross1ﬁgs, name1y : L, L .

3

, Lo e )
- <
" 3

Savangs 1n road travei t1me “and’ veh1c1e operat1nq expenses

3
g

Net benefwt of generated travel, -

2

. ~Reduqt1on in aqt1dent rates; and

.."Reductwon 1n air pol]Ut1on at, 1eve1 x:rossmgst '
N - . . “ta
'It is un11ke1y that- a’ grade separa€10n can release land for
d o S

redeve]opment or 1mprove areas abuttlng ra11way fac111t1es to any

c

LS

T srgn1fﬂcant extent. A11 of'these 1tems, eicept tﬁe dast, were

E

d1scussedra60ve in the context of- na11way re]ocat1on .

° r
.

1.1 Reduction in’air pollution at
Teyel crossings

T -. -- - B B
~u€ - Tl o

v

The process of dece1erating, rd11ng, and accﬂ*@rat1ng~at‘1eve1

./

Cros§1ngs 1ncreases the a1r po]lut1onvat those locat1bn§ A gra¥%e

<

o™

separat1on e11m1nates this source of dir po]lution ‘and so benefits '

the surroqu1ng area. ] Lt e Lo B

<

- " 05 : ” Py 2
r C. 2"Costs of Grade Separation- Compared with Statis Qub

Y

7”0
A .

Thére are three categories of costs:

-1, Capital gosts:,' .

2. Railway 6penatinp~cos;s; Raiiway operatiﬁg costs ‘may be

}educed because of 1ncneased train speed and reduced sjbnéf

L4 a -

operat1ng and maintenance,costs "and

N °

Delay in traff1c wh1le constructlon is in progress




.." 0 ¢ .
LA_-'JAD .. v > . ‘4“ ° ) Fy LY ,I : "5’
; -The other tWo.items of costs associatedgwith rai]waylreTocation,
SR g R transportatton and relocat1on costs for railway users and noh- . ; .
g usegs WOuld probab]y not artse w1th grade Separdtion. - o8 ) l o

, 5_ © Table II.1 provides a summary of the benefits and costs -

: aSSOC1ated with ra11way relocat1on and qc?de separatiorn as compared

with the status quo. ° . }

’
®

o
N < .
)
-
o

-D. Conclhding_Remarks - . : % .

we have 1dentﬂf1ed the benef1ts and costs .of urban ra11way

re]ocat1on based on & greatly s1mp}1f1ed re40cat1on mode], name]y
. ma1nta1n1ng the ‘status; quo’ versus complete remova] of ra11ways trom the

urban area However we be]aeve that w1th su1tab1e adaptat1on the

A

', .simplified framework prov1ded here can be’ used in eva]uat1ng any

>

P speC1f1c reloCat1on proposal.

' - It.is 1mportant to emphas1ze that the benef1ts and costs
‘., ,-1dent1f1ed are soc1a1 benef1ts and . costs, wh1ch could be quite different .
. .7 .

from the 1nd1v1dua1 benef;ts~and costs to var1ous(groups,§uch as the

. ra11way compan1es, 1andlords and tenants, -industries .and Tocal govern=
nent? Consequently, we do not,1nctude certa1n benef1ts and costs wh1ch
(are found 1n other ra11way relocatlon stud1es. _For example, apart from
benefits - (1) to (5), the numbér of houses bu11t and destroyed is
somet1mes considered as a bénefit or cost of railway relocation. It
seems to us that the benefit of the new houses shou1d be consndered
separately, and 1f 1t must be cons1dered together with ra11way relgca- E
tion, it should be ca]culated net of construction costs ahd land value.

~

As ‘far as the houses destroyed are concerned 'they are part of the

- .capital costs of ra11way re1bcat1on and nosseparate treatment is ca11ed

1
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. ’ . . . : o .
- ‘ - for. Chapter V discusses the private benefits arid costs of various

: groups in more detail.- = | .

<

The basic evaluation critérion‘emp1oyed in this, study is that

33

an urban railway relocation project is jusfifieq only if the social

+  benefits are greater than the social costs.
- ‘ N : -

r




" CHAPTER 111

'MEASUREMENT OF_BENEFITﬁ‘AND COSTS:
THEORETLLAL ANALYSIS

A.  Introduction ' o o ; : g

In thi; chapter we éﬁa1y;e the §ocié? bénefits;gn? go;ts'of '//
~railway relocation in greater dé%ai] and'formulaté‘metﬁods for . =
estimating them. As we shall see, all of the Senefits}gnd,éﬁstswwhicQ'
we have identified can be quant%fied cénpeptu;11y; bqt‘itiis extremely
: Qifficult if not impossible to put 5'do11ar'va1ue'on;sbhe of théﬁ.

This discussion of the benefits and costs of railway relocation

follows the same order as in Chapter II.
Since the benefits and costs of grade separation are similar in

nature to those of railway ré]ocatioﬁ. no separate analysis of the

former is included.

>

-

In general, the analysis is expressed in terms of the benefits
derived by moving the railway froﬁ its existing tocation. The same
methods can be used to estimate the'inéfeaseg costs associated with the

new locgtion. The berefit of relocation is the net amount of these two

- - L"\ ~
components. - : . 1[ ” .




B. Benefits and Costs of Railway Relocation

-

B.1 Benefitg;of Railway Relocation Compared with*Status Quo

1.1 Savings in road travel time and vehicle
operatirfg expenses

V. ' ’ . ' 4 :

There are three distinct reasons for changes in motor vehicle'y

- %

. " travel times and operatjng'expenses as a result of railway relocation _

. projects, namely: . e . -
_— (a) changes in delays imposed on motor vehicles at road-rail

level crossings because of:

.-

(1) e]iminafion of level crossjngs, and
"(ii) -changes iﬁ rail traffic at 1éve1 crossings which are- * °

not eliminated; : . , '

. o . 1 S
(b) changes in road vehicle flows and hence congestion because

- 2 .

of:

o > -

i

« (i) changes in number of vehicle trips due'to the ch@nges’

in the.cost of travel as a resu1t.of‘benefiti(a), andg,

(ii) changes i truck traffic between industries and rail. :
N . Y
. - terminals if Tocal rail service to the industries is

discountinued; and : ‘}\\ .

, (c) changes in departure times, routes, and origins and destina-

. tions by vehicles which have previous]y chosen alternative »

]

A = o

1Pedestnans and bicycles are also affected, but we 1gnore them
in th1s study because of ]ack of data.

2At this point we are not cons1d&r1ng 1ncreased trucking costs
of industries as a result of discontinuation of local rail service.
These costs -are considered later in this chapter. , »"

°
03

-




v e

: discussed separately in section B.1.2 below. ‘ .

f

- .
) " ' e : 'lll..i
t M . o
o

-

departure times, routes,- and origins and destinations

3
)

in order to avoid delays at level crossings.
Generally, one would expect (a)-and (c) to involve savings in
motor vehicle travel costs while (b) would probably involve an iﬁéreasg
in travel costs. Some of these changes will‘occur regardless of which

policy alternative (Chapter.l; 2.a, 2.b, 2.¢c, 3) is followed.

- Table III.1 summarizes the changes that would result from various

a1ternative§. It may be noted that even though‘(a.i), (b.i), and (c)

occur -under all alternative policies, their magnitudes will vary among
O ® -

the policies. -

Ingtpe remainder of this section we discuss how the changes.ie
motor vepic1e travel times and operating expenses&resuTting from ;f .
changes (a), (b.ii), and (c) may be estimated. Change'(t.i) will.ge'

We shall consider each of the changes in a partia1 equi]ibrigm:
framework and then find the sum of the effects. It js quite conceﬁrable
that the effects of the various‘changes are 1nterre1ated and hence the .
aggregate effect in a genera] equilibrium framework may not equal the‘
-sum of the 1nd1v1dua1 part1al equilibrium effects Nhile it would be'

.

preferab]e to use a generaT equ111br1um urban 1and use - and transpOrta-

' J

- tion model to s1mu1ate the chanqes and assess the aqgregate effects,

this is not poss1b1e at present because ‘model. construct1on is still ih
its infancy andbsuch a mode] is not ava11ab1e.to-us. At pre:snt the
most we can expect from these‘qodels‘is a forecast of urpan motor
traffic movements. ' These mode1sﬁﬁbb1d have to be great1y hoé;fiedfiﬁ"

order to yield specific information réievant to railway relocation

projects.

20

&
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»

(5) Changes in delays imposed at level crossings

First let us consider changes iﬁ delays imposed on motor
veh%c]és at road-rail level crossings, assuming that the arrival of
vehicles at the crossiqgs is not influenced by railway relocation. To
simplify the diagrams, we assume that vehicle mifes of travel in the
prban area are hompgehéous and that they are uﬁiform]y affected by
de]ays‘imposea by railways. . : ’ '
let d' (Figure I11.1) and ¢ (Figure 1I1.2) be the hourly demand
cbrves for Vehicle mi1es:of travel in thé urban area‘during non-rush
hours and rush hours respectively. :MSCO and Aéco are the short-run
marginé] and average variable social cost curves before railway -
_ relocation.> ASC, saobés upward ‘and MSC_ -1ies above ASC_ for levels of
vehidlé travel at which thefe is road COngestion °
The equ111br1um traffic f]ows will be q and qJ during non- rush
hours and rush hours respect1ve1y 4 If there is a uniform gaso]1ne
tax,5 the marg1na1 and averagngar1ab1e social cost‘cu%ve2°are shifted
by the‘amount of the tax. The‘1atter is shown as ﬁgf§ in Figare IIE.1
©and 111:2. ‘Wifh the gasoliné tax the equi]ib?é;m }raffic flows wi]f
| béua; (where ﬁg < qé)“and'ﬁg (where ag < qg) during non-ruth hours and
© rush hours respectively. . L

-

_ Assume that railway rélocapﬁon‘redﬁces travel time and vehicle

i

3Cost should pe 1nterpreted as 'expected cost" since some but not
all trips will be delayed at level cross1ngs ‘ :

2

*Assumes no congestion télls, but with tol1 to cover marginal
road -mainentance auﬂfp011ution costs, which‘are assumed constant.
5 ,,"’ - - o
In excéss of marg1nal road malntenance and pollut1on costs
1mposed by vehicles.

< L

i
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Figure I11.1

>Hourly Demanpd fcr Vehicle Miles of Travel During

Non-Rush Hours with Uniform Gasoling Tax

L »
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Journey
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Vehicle .
Mile
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7 Figure 1I1.2
Houriy Demand for Vehicle Miles of Travé] During
Rush Hours with Uniform Gasoline Tax*
. Journey
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Mile
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» . . . _O"' i * ) H, [ 'v
- operating expenses. Th1s>sh1fts the marg1na1 and average var1ab]e

-

social cost curves down to MSC1 and ASC respect1ve1y in F1gures III 1

and I11.2. *Assum1ng that the un1f0rm gasoline’ tax rema1ns in effect

’

after relocation g1ves K§ as* the average var1ab1e soc1aI cost -curve

af;er reLocat1on. “The eqU111br1um-tfaff1c vqumes after reIocaf1on

wit)l be ﬁ; fuhere°a; > ai)3anq-af (where a% > ag) during neh—ruéh heurs

and rush hours respectlver . 3 . .

v “‘ﬂn Figure”, III .1 we have assumed that no congest1on results: from - -

R the generated traff1c (q]r- q ) The'hourI% cast sav1ng, dur1ng-non- .
rush hours, on tr1ps that would be taken even without railway reIocat:on

is 1nd1cated by-the. area PQRT During rush hours, with a demand‘e}ast1-

A
‘nﬁgieases the congest1on costs 1mpesed on‘aII'vehicIes.'-ThIs redueee.' ‘

.cgéy.ef le<s than 2ero as agsumed by d , the generatedftraffic Iﬁ{;—”ﬁj

the hourly tost saving on the trips that wouId be'-taken even witheut

.

. ra1Iway relocation to an amount 1nd1cated_py the area X Q'R' Y' 1n F1gure

- "

I1122. Assumﬁng the own pr1ce eIast1c1ty of demand was zero wou]d raise.

‘the rush hour sav1ngs to an amount 1nd1cated‘by the: arearP Q'R'T'.
?

I To take into aeceunt the 1ncreased congestion costs dur1ng rush

hours (1 e., to medsure X' Q'R'Y") wouId requ1re 1nformat1on on the own -’

A

price eIast1c1ty of demand -and on the elasticity of the average

variable social cost curve. Data on these elasticities- are not
- 0

avaiIabIe .Hence, we will measure PQRT and -P'Q'R'T'." It shouId be
_ noted that this w1II overest1mate these Benefits if the demand is-not >
P )

perfectly 1neIa§t1c§§V The methodology for estimating theee/ienef1ts\

- - -
»

-~ N
r -

6However-, th1s overestimate would be partlaIIy offset by the
fact that wevdo not measure thg benefit of generated traffic,’ uhfch we
discuss in section B.2 below. °

[
o
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1s out]1ned below

~

The.cd’t savings 1nc1ude both time and vehwc]e operat1ng
costs: Let us conS1der the t}me~cost fmrst we beg1n by developing a
formula for the total humber of vehiclé hours of de]ay 1mposed on the
traff1c mov1ng tn one- d1rect1on by a s1ngle train at 3 single crossing
assuming - there 1s‘0ne lane of road traffic. The de]ay will be brokeh
~into two parts: (i) the amount,of t1me that veh1c1es.1ose while they
decelerate and rema1n stopped, and (11) the amount of time vehicles lose
while they acce]erate\tack to the1r normal speed. '

. o .
. > As the triin approaches the.crOSSTng, a warn1ng/;;;ht begins to

-

-f]ash and, for some/grosslngs, a gate is c]osed After the train .

passes, the llght stops flash1ng and the gate is reopened Supposéy ve

that as a. resu]t of the pa551ng of a train road veh1c1es cannot cross

the tracké“for a per1od of C hours When th1s perlod ends‘ the f1rst'

2

veh1c1e in the 11ne 1mmed4ate1y beq1ns to accelerate, but the second
vehicle cannot begin to acce]erate unt11 it has enough headway to do
s6, or unt11 A hours after the cr0551ng reopens The th1rd veh1c1e

cannot begin to accelerate until 2A hours af%er the cross1ng reppens,

5
-

etc
)

Suppose that the one-wayrf]ow of traffic on the road is F
vehicles per hour. In this 36’; _on avefage the f1rst vehxcle w171

* arrive at the crd§s1ng 172F hours after the cro§§1ng»cioses It will

- < A

hY

be de]ayed a to®™ of . i , .

.

v c -.1/2F . _ /

~ . - < ) -»

hours. The second vehicle will arrive 1/F hours aftek the first and
% - .

. /,w11] start up again A hours after the first. It will thus .be delayed

L4
o 2




. . the train iszappreximate1y'the fnfeger closest to: R

a;tofei of — ; e
ot T2 1/2F L QU/F - A)

: hours. It fo11ows that the nth car to be stopbed,byNthe train will
'beide1ayed ‘ :

o

LG 12F . (0= DAFTA)

B
) €

a

hour's.

- Eina]lye the totaanumbeh of‘vehicle;'thatlﬂiiifﬁe stopped by

(U - )

I BT . . 4 ::‘“;‘—:‘\«

= FC/{1 - AF).

- » B - T ° * . . >
- - . ) » . - .

° ’)",A

This figufe iéAafriyed at as foTTows£ Mheh ghe~crossing féopens at

the end of c hours, FC vehicles w111 have heen stopped‘at the gate, =;<;

S1nce zt takes A hours for each of these vehicles to move far enough

from 1ts pos1t1on of rest._ for the veh1c1e beh1nd 1t_to beg1n mov1ng, it

will be FCA hours after the cross1ng cpens.before the last of the . £C

SR vehitles has moved far enough to permlt the veh1c1e beh1nd the FCth

veh1cle to move. Dur1ng th1s per1od of FCA hours, FC(AF) veh1c1es .

(

\. beh1nd the FCth vehicle w111 be forced to’ stop Th1s continues, and

the total number of veh1cTes that w111 be forced to stop 1s

~

FC + FC(AF) + FCJAF)L‘f Fg(AE)3v+ .

Th1s ser1es converges to FC/(] - AF) . ’ , ’ - 3_‘ _'\

x- a-L

Thus we.arrive at the follow1hg'fofMu1a for ‘the veh1c1e hours

Jost during dete1erat1on.andeh11e ‘at rest fpr vehicles whwch are

27
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?' o1 forced-to come to a st0p:7'f

x

_ Q- ‘
Q(C - 1/2F) -. ¢ (n -J)(Y/F - A)
“ N Ll .
Stigj'cbpsidering only one train, but considering both directions
5 - .

Bl . of traffic flow and the case of any number of Tanes in each direction,
tf, B glet G _be the traffic f]ow per hour in d1rect1on i on “lane * Then
‘ the formula for the veh1c1e hours 1ost dur1ng dece]erat1on and wh11e at . ;
@
rest for veh1c1es wh1ch are forced to come to a stop is: ' S
& . °
L o m L T ' _
T : I Z'Q.i(c—fé—)-z (n—])(——A) .
- o vislg=r M e SR psd "S5 " -
RN where 05 = 85 ¢/ - AG, ), ; = number of lanes-in direction i.
. We must also deve]op a formu]a for the amount of.time veh1c1es . St % ii;

lose wh11e they acce]erate back to the1r norma1 speéu Supppge tggt 1t, \' ‘zﬁff
takes a vehlcle T hours to acce1erate from rest to-its. normal: speed of o
S miles per-hour. Assuming a constant rate of atce{erat1on, durtng a 1

-~ period of T hdurs the Véhic]é will tFave] at an average soeed‘bf S/2.

[}

1nstead of S and hence lose a d1stance of TS/2, compared to the d1stance

ST it woqu have travelled at ‘its normal speed It w111 take the veh1c1e (' .

o, \
o‘ hd PR 4 L] 17
3

. 11?v‘ a period of T/2 -hours at its norma] speed to- make up th1s Iost d1stance, l.
Py ~.

b ,5[%‘ ‘ . and Fence the veh1cle Toses T/2 hours of t1me /$1nce each vehqc]e that ’

.

5 e N . e . N ¢

The precedﬁng calculat1ons 1gnore any de]ays imposed on vehjcles”
which sTow down but do not stop as-a result of the clesing of the .
. ‘trossing. In addition, the formula does not take into account deTays
«, . ', .. caused when backed-up traffic blocks nearby sidestreets,. drivéways, etc.
’ © 7" The formula also does not take into account changes in routes induced by
© finding that there is a train at the crossing. More elabqrate,formulas
i . ' ‘concerning traffic flow have been developed by traffic engineers The ..
T " simple formula’ developed here is suffi t for our purpose in this study.
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oo ) L .29
comes” to a stop loses T/2 hours, the total time lost by the FC/(T - AF)

“.vehicles which awe.stopped'in one lane in one direction, by a train isi

1

-

- FCT/2(1 - AF)

R P

hours. This can easily be generalized- to the case of any number.of o

’ lanes in two directions. - . ’ ' ,
- o - Qur next step is to aggregate over all trains and all crossings. )
. ‘. . . . -
[ \Let. B . - ] ’ - .
: > . . “ a ) : ! 3 .
« . - Gjitkd = trafflclflow per hour in direction i on: {ane J
: at crossing k as train t passes during day d.
‘j l - . ' ctkd;u = hours crossing k- s closed as train t passes
‘ i du,ﬁ‘ng day d‘. - ‘
Then the’ total veh1c1e hours saved during day d by e11m1nat1ng the
. dece1erat1on and stopp1ng processes will be 8 - . .
T - . ,' . 0. - .
. < 4 1tkd - “
L ] J ] .
My, =22 L |Qu,a(C Y- ¢ . (n <D z—"—-A)
SR [ Jitkd': Crxe zggitkd < n=1 . @7 Bgieka
. where jStkd = Gjitkdzptkd/(] - AGjitgd)" This formu]e.can be ‘ S
. simplified to:? - . - . : | o °
. 'SWe do not specify the maximum vé]ue'of‘the.subseripts in the
formula because all subscripts are variables which take different o
maximum values at different crossings. -We do not distinguish between
. rush and non-rush hours, although such a d1st1nct1on can be madevs1mp1y
‘ . by add1hg another. subscr1pt C . > . . .
.“' L] ” N R k2 v » ’ ! ‘ N
. 9 - L
’ R $ - R2 + R ’ ’ - ’_ : P *
A - BT o . .
- - . r=]’ ~5 . s
T e(this footnote cont1nu§ﬂ'on next’ page) . ’
. [y / ' ! - , ) .g ¥ 2 )
R A {




Cikd - A

CH =L EE Qi (—G—) T
T Ty ditkd 2
V

It may be noted that Q ltkd is equal to the number of 'cars stopped and

(Ctkd - A)/Z is appr-ooumate}y equal to half the period a crossing 1s

C . c]osed

3

. ¢ ¢ :
) GC/ (1-AG) T o5 | .
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The total yehicle hours saved during day d by‘e]iminatfng'the

acceleration process is - ' "

o _ oo
. Giitkd Ctkd , Tjitkd- . :
I T Ay (=) -

ktij jitkd .

where T tkd = the time (in hours) taken to accelerate from rest to the °
normal’ speed in direction J in 1ane Jj at crossing k as train t passes )

during day d.

"~ H

The totdl vehicle hours saved in, one year from both sources

-

Wi].' be - - - . .2

365 . .

H, + H. HZd)

T (Hy, +
A _'2 =1 M

So’ far wé have been concerned witﬁ‘saViqgs‘in Yéh161e h0uf§ at
railway crossings. &6w lef ‘us turn to ‘the annual savings in vehicle
operating exﬁenses-SUCh as gas -dnd_oil consumption, maintenance, eté.

. Extra vehicle operating expenses wiii be incurred if there are
1eve1 crossings because veh1cles undergo stop-4o cycﬂgg and idle while
waiting for. trains. Hy cons1sts of both 1d]1ng time and slowing down
time. However, the latter is likely to be a small portion of the

10

total, - and hence for simplicity H1 will be assumed to be equal to

idling time. Then the idling cost (G{) may be estimated using the

fol]owing'formu]he:. .- C .

-

p c t
1Ty

x
It

- -

[+ 2]
—
i

= p
o hR + o h + g "1

¢ ]oThis is shown in the empirical results of Chapter IV.
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* where hc h refer to the hours of +dling time of passenger,

32

commerc1a1, and public transit veh1c1es respectively at 1eve1 cros§1ngs,
and g?; g;, g? are the correspond1ng‘vehfq1e operat1ng expenses per -
. hour‘of idling. . N . '7,-' o '

The éa{ingslin vehicle operatinéyexpenses per annum for not

undergoing the stop-go eycIé'a} level crossinas Ean_be;estimateQ‘as S
follows:

) ; PUpP . € ¢ t  t f ' T a

62 92'K2 + 95 I(2 + g“2 K2 ’
where Kg, K2, K;’refer reépective]i to ihe number of passenger,

cbmmerc1a], and public tranéit thic]es‘stopped at. a]] 1eve] crossing§
during‘the'year and 92’ 92’ g2 are the extra. operat1ng costs per
véhwcle incurred in undergoing the stop-go ‘cycle for the three 1nd1v1-'

dua1 modes pof transport It can be seen that Kg + K2 + Kg ‘ CT

Gk e

The total savings in venicle operating expenses per annum as a
resu]t of railway re]ocaE;on will be GT + G

The savings in time (H] +H ) and vehicle operating expenses
(G] + Gz) are due to elimination or reductlon in railway ‘service.

We noted, ih Chapter II; that vehicles traversing leve} éroSsings

at normal speeds may suffer mechanical damage. To minimize the possi-

bility of damage most motorists reduce their speed for level crossings.

The- data needed to estimate directly the mechanical damage that would

-

result from traveilihg over level croseings at porMal speeds are not

s

available. . : : ' ‘ :

Rather we will estimate the potential damage indirectly. We

w111 assume that all motor1sts s]ow down .for level cross1ngs ‘We will P




‘assume th;t they slow down to su&h’an'pxtépt éhat the risk of mechanical
.damage is the same as thip°inVOJVed in traQe]]ing regular streets at
. normal speeds.. Then tﬁe cost of the dece]eration—aqce1eration cyc1g may
- be taken as a m;asure of the amount of mgchanica1 damage that would
have been caused by the 1éve1 crossing. - This is q]so the value of the
benefit obtained by eliminating the 1evé1 crossing.

In addition, some types~of commercial and public transit vggicles
a}e required by Taw to stop atlall level crossings. Removal of a }eve1
cros;ing results iﬁ a cost sévinq for those thicles.

Let ADTkd be the number of vehicles (exé]uding thosé stopped by
trains)'paséing level cFossing k on day ' d. Let ekd”be the Toss in time
(in hours) per vehicle while passing level crossing k on &a& d. Theg A‘

yearly saving in. vehicle-hours as a. resuTt of the removal of K level-°

]
¢

crossings will be

. 365 K '
H, =¢ ¢ r e, ADT, ,
3T E %kd Pl

In addjtion, the slowing down énd‘speeding up process also
increases vehicle operating expensés.l Hence the annual savings in
» ’ rr.- . o
vehicle operating expenses resulting from the removal of the K level
‘crossings will be equal to
365 K

G,'= I I "vd ADT

3 451 k=1 kd

where rka is the per vehic]e'incréase in operating expensés &uring the

deceleration and acceleration process at level crossing k on day d.

-

L3
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we have to know how truck traffic would change as a result of railway

TN

.(b) Changes #n road vehicle flows L\

4

To estimate the change in travel costs arising. from chatha in

trucl traffic between industries and rail 'terminqls (i.e., b.ii labove),'
2

congestion, equpia]]ykdyring rush hours. The resd1ting increase ‘-

relocation. -A net increase in truck traffic is likely to increase

during day d in time costs GH4d) and vehicle operating expenses'(Gdd)'
r . ‘ . ¢ .
for other traffic stiould be, deducted from the other savings in travel

costs resulting from railway relocation. In terms of Figure 111.3, ‘an .
: iy

increase in truck-traffic shifts ﬁgf] and K§f1 to the left. Assuming

v v . j‘ ‘
the volume of other traffic does not change, the increase in hourly

°

congestion costs during the rush hours is shown by the -shaded area.i L

During non-rush hours, increased truck traffic may not increase

congestion costs. '

-

Let Rd be the number of vehicles delayed by additional truck

traffic and b_, the®time in hours the rth.venicle is delayed during

day d. Then vehicle hours delayed during day d will be

d ..
"4d = I, Prd :
The addifiona] ;ehicle operating cost is ) , .
Re ,
G4d } rET ard, ) K

ghere 2.4 is the extra'opekating cost of vehicie f on day d. .In one 5
ygér the vehicle hours delayed will be

365

-

‘H, = T H
d=1

4 4d

’ ) e e L .u‘
. -

=




Journey
Cost Per
Vehicle
Mile

-

Figure 11I.3

Etfect of Increased Truck Traffic 0042{ba" Roads .

DuriAg Rush and Non-Rush Hours ) '

-

Volume of
Other Traffic
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"and the additional vehicle operating expenées are~
365 . -

G, = = G

4 d=T ,4d

o

(c) Changes 'in departure times, routes, origins
and destinations

First let us turn to departure times. With the:rempval of level
crossings, people do not have ta 1eal/\é))1ei“r’homes early to allow for a
f

ﬁarginﬂof safety. If there are M vehicles which leave garly for work

<

every day, the annual savings in time'cbsts will be

whefe Cy 1s the time in hours that ve 1c]e i 1eaves early every working
‘ .
day. we assume that there are 260 working days .per year and that indi-

viduals are indifferent between trave1l1pg and waiting at:their place of .

~

empioyment when they arrive early for work.
' Now 1etyus turn to those who change routes, origin;,‘or desfian
tions as a resuH—of ratlway relocatior. —

Supposge there are D vehicles that change routes,'orﬁginé, or

destinations per year. Total vehicle-hours saved per year (Hg) s

1

365 D
He= 1 ¢ f
B gey k=1 ke

4

-

where f, | issthe difference in time in hours between.the originalfand

. o R \ X '
new routes, origins, or destinatiohs for vehicle k during day d.

»

Reduction ‘in vehicle operating cbsts;ger yeah'wilf be
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/ i
- Ay

1365 D
. G, = ¢ I

C
< b g=1 k= K

’ where'ckd is the reduction in operating cost of vehicle k during day d.

-

-

(d) Value of vehicle-hourt saved Y

.-

.

*~=~. In subsections (a) - (c) above we have showh how savings in
'b"'h‘ ! . '

A . - .
véhicle-hours per year may be estimated. Using estimates .of the break- .

. B r t
.+ down of vehic¥es by type and the numbet of people per vehicle for each -

L

type,_we'EOnvert vehicle-hours into man-hours.

ri(H] + H2 +‘H3 + H4 + H5 +’H6)

J

number of man-hours saved during one yeary .

" fraction of vehictes belonging to type 4;

-average number‘;k people per vehicle of~£ype'i; and .

™

fumber of types. . ' : - .

It is necessary to put a dollar value on the man-hours saved,

“

The problem of,valuation of‘travel time has given rise to a éubstanti;1

body of 1iterature Some of the theoret1ca1 and émp1r1ca1 resu]ts are -

Doy

d1scussed \h Append1x B. For the- purpose of this study, it appears
that travel t1‘\\5hou1d be d1saggreqated by income (or hour]y waqe) of

the traveller and by rip purpose (commyt1ng, business, recreation-
' #

- social, shopping, otherie nd that a different value per hour shoﬁ]d_be

A 1

placed on time éavings in-ea cate901~)'."I ’

-0

O
L4

Mother variables that ma;\Affect'the-value of time ipclude. the
family st8us (e.g., male worker and houséwife) and age (a¥ult and ch11d)
of the traveller. The distinction between waJk1ng, waiting and

’

k4
/

Qs




. \ . i :
“man-houys saved per year is . . A ) : '

~ group i, Thus <

< . C . e
Since we /%o not know much” about the value of time for different
k1nds of tr1ps. we will make the further assumption that _the valué of

travel time is the same regard]ess of trip purpose. Hence the value of

-

x o~
x. . e

1]

K=12v, X; . - o AR
T -
where Vi = value of travel time per man-hour of people with income i;
X; = manzhours saved for people with income i.

" . - »> P -
v: is assumed to be a constant proportionf(di) of* the wage rate (wi) of -

RN

_* ! - %

(é) Time horizon )

“So far we have cBncerned ourselves’ w1th sav1ngs in vehxc]e ﬂaurs
and veh1c1e oper$t1ng expenses within a£§1nq1e year. It is necessarx to j\\~
consider these o&er the time hor1zon of'the prOJect This introdggees

the fo]]ow1ng questions: (i). What glscount rate shou]d be used?
(ii)'What'is the appropriate timevhdrigen? (jii) How will rail and
road traff1c change over time? - - ’wl —; |

Quest1on (i) has recelved much attention in the 11terature butf

the"problem is by no ‘means so]ved.]? For the purposes of this study, we -

3

S

in- tranSIt time is not 1mportanf/to us since, we are ma1n1y concerned

-, with pn-transit time. - - »

4 -

125ee, for examp]e, the following articles: . Feldstein (10), Sen
(27), Marglin (17), Harberger ( b) Arrow (2) and Baumo] (3).
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.

“will use'differeht‘di#counf,rates rangﬁng from 4 to 10 per cent berA

& ’

year to assess the s nsitivity of various estimates to the discount

r.
¢

rate used. AT e )
( gyfh reSpett to quest1on (1%0 t1me per1odScnang1ng fr?m 20 to 50
]
years are most often used in evaluation of transportation 1nvestments
‘ 13

depend1ng on the type and sca]e of project. We will use d1fferent

time hor1zons rang1ng be%ween 30 and 100 years to determine the .sensi=

£l

tivity of’ the estimates. _ : S»

- L)

Question (iii) is perhabs the most diff?CUﬁt one to answer

-

X

because ex1st1nq traffpc forecast1ng techn1ques 1eave much to be

-desired. -ln—pract1ce §1mp1e proeect1ons would probably havé’to be

[

used. im most cases. Again.we WJ11 carry out sens1t1v1ty;anplys1s; N

T

Once we have answered questions (i) - {iii), we can easily extend ~

K

our f8rmula to cover tonger periods of time. Lé

T~
- g ) »
K = total yalue of travel time delayed in year t;

™

6, = additional vehicle operating expenses incurred in *

’

yéar t (qt-= G, + G, + Gy + 6
v 3 - [
r = discount rate per year (assumed constant over time).

+ G6)F and

» , . .- .
The total savings in trave) time and vehicle operating expenses

in terms of dollars resulting from railway relocation over a period of v,

Y

‘

-

-

13For example, Bees]ey and Foster ( ) used 50 ‘years, ‘but they also

-d1d sensitivity. analxs1s with the time horizoh extended. to 90 years and

to infinity. In the U.K. Ministry of Transport study 28) of the
Channel tummel, project 1ife was assymed to be 50 years. In the study
of port 1nvestment,‘Ross (189) Suggested 50 years to be the time:
horizon. The U.S. Department of Transportation Guidebook (42)
suggested 25 years for railway re]ocation ‘Projects. . .

1




N years will be °

~
A

D will be the total amount of savings of travel. time and vehic]ec
operat1ng expenses if the ra11way re]ocatlon prOJect e11m1nates all the

existing “road-rail traff1c conf11cts A e

-

-

1.2 Net Benefit of Generated Travel

N

In section B.1,1 above we considered only cost savings to

‘_—_Ezi§31ng‘traffic. As Tong as the demand curve fof urban .travel 1§ not

. - T L o
perfectly price inelastic,.the reduction in QraveT cost resulting

_from raflway relocation will generate additiona] traffic- Therfota1
hourly add1tlon to aggre§:;e net benefits as a result of the generated
\ ‘t? traffic is ZUST (Figure III. 1) dur1ng non rush hours and KZ'M - MNL
(F1gure I11.2) dur1ng rush hours. These are the excesses of marg1na?
soc1a1 benefits over marg1naT “social. costs, and tﬁey can be' added to
benefits in category (1) above The amount of net beg%{1t shou]d be
aggregated over the day and the year. 'Net. benef1t qver longer perwods
than a year should be‘dlscounted as d1scussed 1n seet1on B.1.1 above.
To est1mate this net benefit of generated travel we would have

’to know among other thjngs, the elasticity of the hourly demand curves

. 'or vehicle miles of trave] in the- urban area. S1nce it wou]d be ’

Y
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’) < 13 Reduction in'accident rate§ S o

1i3;1' Est1mat1ng the nyumber of road- ra11 level . .
.crossing accidents - _ o .
‘ ] . f -~ o

,Re]ocatibniof the rai]way.wii1 eliminate or reduce the number of

accidents at level crossings. In order to-estimate this item of

N <

%ehefi't we 'must knbw_, how many. accidents will be avoided over -the o

o

. project 1jfe following railway_relotation. Hence we should know
thing about the detérmiﬁants of apcidents at railway level eross
. We postufate that the number of acc1dents occurr1ng ‘at cross1ng

t1me per1od 1s~a functlon of a number of factors Ty

MS., MV., TP:, V., NT.)

A’. '—"f(TS_i, .[Vi’ 3 N 1 N.' i 1 -

1

where Ai = 'numbee of atcidéﬁté bettttme‘petiod at crossing 1;
TSi = 'average'train epeed‘at e?ossing a; ]
V. - vo1ume of’;ail traffic“at crossing i
MSi = ;average Speed of veh1cles ;ass1og cross1ng i; v
ﬁyi = vo]yme of veh1cle traff1c at cross1ng 1,

N P, = :type of protect1on at cross1ng i;
.;” T NTi =" pumber Qf rdilway. tracks at crossing i; and -

V, = yisibility conditions at orogs:iﬁg“i.'

.

i per

‘Me.expect the first fouf'Variab1es to. be positivé]& kefated‘to A.

, /}’e», the:h%gh

the speed of eaqb 14

J

being equal. The type of protect1ve dev1ces range from no protect1on i

~

.

,f//*'//ﬁk?erhaps speed tends to,affecg.the sever1ty of anm acc1dent

rather than the number of acc1dents

de the more acc1dents W111 occur; other th1ngs

the votume of tra1n and veh1c1e traff1c and the faster

-



A ° . . .
~ ‘ »\'7 \@ - N . .
o at a11 to grade” separated crossing.]5 We ‘expect more accidents to
s l - ’
. occur at cross1ngs which have no protection or. have "passive" protec-:

tion only, other th1ngs be1hg’equal. The more ra11way tracks, the more )
. Tikely an accident is te occur. _Poor=v1s1b111ty 1ncrease§ ‘the chance

of accidenfs. Given"sufficient datq the above function may be :

estimated and the results can be used for. pred1ct10n purposes L

For valuat1on purposes, 1t is necessary tqQ distinguish acc1dents

) 3

of d1fferent severity, name]y fatal injury, non-fatal injury, and

property damage only (PDO). G1ven adequate data a separate funct1on

may be estimated for each type of acc1dent.4‘ <

1.3.2 Valuation of reductiom in ra11wdy ) ,
cross1nq accidents P R

4

To our.know1edge ho studyfhas been/done‘with respect to the

valudtion of railway crossing accidents thoubh many studies have been

done to value h1ghway accidénts. Since the problem of va]uat10n is .

’

ac—\B essent1al1y the same for both kinds of accidents, we can. refer to the
results of h1ghway traffic acc1dent stJd1es '

. . -

Var1ous methods have been formw1ated to measure the “costs of

TTe hig(hwa_y-acc1dents.]7 Accord1ng to W1shan, the basic rat1ona1e of the

L)

.

"‘SPass1ve protect1on1nc1udes crossbuck crossbuck with track
41nd1cat1qq, railway advance warning-sign. Act1ve protection 1nc1udes
flashing light signa?s without -¢r with automat1c gates
y T ]65evera1 empirical studids have been done in’ the U. S A, with :
respect -to railway-highway accidents, e.g., var BeTle (68), HuntTn%ton
et al. in U.S$: Department of T ansportation. (80), and- Nat1ona1
Cooperat1ve Highway .Research Ptogram Report (76).

n
‘s -

]7For a.critique Qf some 6f the methods, see Mishan (75).-

P .

fl . ) ‘ ‘ ' g\ ‘ B ° -
- * . - . ’ . ' ‘
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ecohomic calculus used in cost-benefit analysis is the notion of a

L}

potential Pareto improvement: 'one in which the net gains can_be so

o distribdted that at least one pérson is made‘Be;tef off, with none
- M . "8‘ - -

[

befng made worse, off." Tﬁe iq;rpdﬁctipn ST a specific investment
pnojéct-Wiij make ;qﬁé‘éommunifi member better off and others wofsg off,
:fﬁE‘person yho 1is mAde better off would be willing to pay a certain
amount rather than.forégo'fhe project.. fhis amouﬁt-may be regarded as
his compensating variation (CV): Similarly, the\perSon who is made .
worse off wou]d‘bave to be paid a certain amount %b{put up with tée
project. IIf‘the net sum 6f’a11:H:}ndividuals'nCV‘s is positive, there
i; a pofentia]lpareto improvemeﬁt. :

.To be consistent with the criterion of a potential ,Pareto
improvement, it is necessary ghat‘the 1oss (or saving) of,g persoﬁ's
life be valued by reférence‘éo his CV. Under conditions of certainty,

probéb]y no Sum-of m9ney is Targe enough'td cémpéhsate,a man for.the
| loss of his life under normal éichmétances: However, in pr;ctice we
are dealing with reduced (or increased) risk of death rather than
" certain death. Hence we can concentrate on the‘wi]1ingness to‘pay for

reductions of the risk of death of those who may be affqptegi; The same

13

argument holds for less severe acciderts, i.e., non-fatal injury and
preperty damage only accideﬁﬁs.
Ihe above approach is sound conceptually,- but in pracqjce it

iSﬂextrémeiy difficGTfl if not impossible, to'qgtermfne peop]e;s

wii]iﬁgness to pay- for sma]],&naqges in ptobabﬁ]ities of death or. )
P TN ,';\ ° ’ ' -' . }’ " ) - .
- injury. - - . o . . g o .
S — - SR
.4‘. - "
18
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19 have_f61lowed\a different approach.

‘Most empirical studies
The essence of this conventional approach is to measure the ex post

costs associated with dccidents. For example, the following cost items

20

are often included: (i) vehicles, goods 'and other property damaged;

(ii) time (including future horkiné time of the injured-or dead) lost
by all persors affected; ?iii) suffering by all persens concerned;
(iv) personal services, e.g., medical and legal services; (b) transpor-

fiation, e.g., ulance services, extra travel, and-delays resulting

.from the accident for all persons. ’ p

Given’ appropr1ate data it is relatively stra1ght fo ard~to put -

a dollar value on cost elements (i), (iv), (v) abgve. It i¢ almost

" impossj » however, tp'pqt‘a dollar value on suffering. ence this"

item {Zb::}en ignored jyypractice. ‘As for the va]uation of tige»]ost.‘
the main concern is often the number 6f'workingzdays Jqst witﬁéut much
’ attenfion being pafd to leisure time. Thus, in the case of fatal

injury the economic value of a person's life is taken to be the
*

discounted earnings over the life span of that individual. This is

21 "It this person died im an

)
¢ -

‘\

the so-called "gross product"” approach.

accident in the current or Tth year, the loss to, the economy woulq‘?e

. 19Except Jones- Lee s study (73) which attempted the w1111ngness to
. pay approach \ .

. *

- 20or more detailed discussion of these cost elements, see W1nfrey oo
" (183) -and Abramson (67). : »

-

2"For examples, see R]dker (190), w1nfrey (183), Dawson (72), ~
- Joksh (15).° _ S &
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_n' - - \.

Et is the expected gross lébour earnings or marginal product of;the

person during~the tth year. P% is the probability in the current year
of the person being alive during the tth year, and r is the annual social

rate of discount. v

For a permanent but partial disablement the loss to the economy, .
would be: N

- -(t-T)
Ay = b zT E, PT (1+r)

where b-< T measures the extent of the disability.

For a total but temporary disablement lasting N-T years, the

" . loss to the economy %5 =
N o y
t-T) :
A, = ¢ (1+r) ( ' .
? CteT t T

.o

o .
The goal of economic policy implicit in the gross product
) approach is maximization of aross national product. If tWis goal is .

A

> .
not accepted, the measure is.not appropriate.

There is no reason to expect that the ex post cdsts,estdmateq
1 € . |

i

An alternative approach to ca]cu]at1ng the economic value of a
person's life -s the "net product"” approach. If a person died in an
accident the economic net loss to society is the fo]lowing

; t-T) «

AA=E(E-)(1+)(_ ‘
:.3.°t=T, t t T ~

whére .C, is the expécted consumption of the person during the tth year,

According to thijs approach the death of old people or children may
confer net benef1ts on society.




to be equal to the ex ante costs that the soéiety'is wi]]ing to pay ‘6
for the reduction in the risk of traffic accidents. We are Teft with
three a]teﬁpatives in va1yating the reduction in accidents at leve]
Crossings. * J
(1) Follow the conventional approach, and estimate the ex post
. costs but note the 1im1t§tions and implications of these
‘measures.
Present data on the expec;gd_reducrion {or incréaéé) in
the number of accidents (fatal, non-fatal and PDd) and let -
the decjsion maker qssign his own wvalues.
Pre;ent dgta on the expec?ed reduction‘(or increase) in '
the number of accidents and perfdrm sensitivity analysis
By'aSSuming different éo]lar values for the reduction
of acc1'dents.2'3

A

"Like other categories’o%’benefits of railway relocation, the
g A

e ' N
value of reduction in accidents should be calicylated over the 1ife of

,

™ 1.4 Land released for redeve]oprnat o

the project and discounted.

24

As a result of railway relocation, some railway land™ " 15 made

available for other uses. We must determine the social benefit from

* v

23Reduction in accidents may be treated as.a residual category of
benefit such that different values may be assigned to this category in
seqsitivity analysis. .

24Land released by indystries will be conéidered in section B.2.3
below. However, the theorefical analysis presented here also applies to
released industrial land. - '

-
-




release-of this land. . . ' '

. -'The~5enef1t.fr6m reiéase of land is often taken to be the
averagé market price per -acre times thé number of acres of 1ana'
re]eased.25 However, for vayious'reasons, markexfprices may not
- correctly measuae the social behefix from the‘fe1e§se of Tand. This
can be demonstrated‘with a simple-model. |

Let us make ehe following assumptions concerning the market for
urban-land in the vﬁeinjt& of the railway's iﬁitiéi 1ocation' ‘
| (a) 1land in the v1c1n1ty\ef the railway is homogeneous.
1. {b) the supply curve 4f re]evaht urban land is perfectly

price inelastic;

the demand curve for reﬂéyant‘urban land is negatively

sloped and 1#near;
there is no change in demand for re]evaq@ urban 1and
as a result of ra11way’re1ocat1nn

(e) ,pub]gc use of relevant land is exogenoysly determined;

(f) there is no zoning; and

%

(g) the urban,land market, is perfectly competitive.
. . .

’

SoTe of these assumbtibns'w111 be relaxed as fe jo along.

In Figure 11T.4, Sp 1s the supply curve of urban 1and LQ private

"use befare ra11way re]oé;t1on and Dp is the private demand curve for ,

26

urban land. The equ111br1um price of land is Po. Now suppose.that

. 25For example, this is the approach used by LUTS (34). The
“Winnipeg Railway study (33) follows a more soph1st1cated approach, .
allowing for different types of land and differences in the time when
the land is expected to be released.

2 . . ‘
6we are referring to income compensated demand curves.




‘Figure LII.4

Change in Supply of Urban Land

. Following Ratlway Relocation
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railway re]ocat1on increases the supply of urban 1and to. private use so
~

that the supp1y curve shifts from Sp to Sp. Then the soc1a1 benef1t .

~ (as -indicated by users' willingness ti/gay) of the land released is
. ; ! .

.l

" equal to ABL,L,, which is equal. to

k) ’ I - N L

(Ly - L (P, + Py)/2 S .
Thus the pre- re]ocat1on equ111br1um pr1ce (PO) overstates and the post- .
*
re]ocat1on equilibrium price (PT) understates the benefit from the’

" release of land. . ‘

Now let us relax assumpt1on (d) above. Railway‘reloqation may v
affect not only supply of but demand - for urban land. There aféfthrge
major categories of private land use in an urban areat residential,
hommerc%a] and industrial.. The- ex1;tence of the ra11way may affect the
demand fowg land in each of these categor1es in surround1ng areas.

Railway pollution’ -—norse, a1r, v1sua1\--wou1d probabTy-reduce.the
demand for res1dent1a1 and commerc1a1 ]and On the other hand, railways ’
may confer external econoq1es (e g., increased access1b111ty to. inter-
urban trahsportation) on»sdhe dindustries. This might increase the
demand for in&ustria] aand néarby._ We do not knoﬁ, a priori, in.yhich
'direction the aggregate'démand curve for land (Dp) for the three ghgyps
- of users wil]*éhjfg as a result of railway* relocation. Ih Fiéures

IT1. 5(a-d5, various possibi1ities are depicted. The shaéed area in

each diageam 1nd1cates the social benef1t of the 1and re1ea$ed Ih
Figures I1L.5(a) and III.S(b), both P and P1 understate the benef1t

.In Fi;u;e iII 5(c), P understates and P may, overstate the benefit.

In Figure 1II. 5(d), P overstates and P] understates the benefit. .Thuf,

true soc1a1 benef1t wou]d be underest1mated by P1 and may be either

.

. ‘s ?
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R . 51
overestimated or underestimated by Po. The figures ,also suggest that

if the new equilibrium land price is expected to be higher than the.old
equilibrium price, then both prices underestimate the true social®

-

benefit of the released land. ® ’

The above ana]ys1s sho‘that market prices generaHy do not g1ve

¥ an exact measure of the benef of the released land. HoweVer, for a’

. . , - 7
small relocation fproject which does not significantly affect Dp and 55’

". the urrent‘/arkgi;p:]ce}ef 1and (not 1and near ra11ways but other
-comparable land whith is not affected by railway externa11t1es) may be

¢

approx1mate]y correct. ’ A : Co.

-4

o
Sp far we have assumed that there is no zoning. Relaxation of

«

this assumption, gives an additiOna{ reason why market price may not. be-

o -

a correct measure of benefit from the release of land.' In almost every

North America

city, zoning regulations prevail and may influence.land .

dses. 2 with zoning regulations,; the value of the marginal
‘ j L 2 P =

prices an

product apd price of land may not be the same in .d11 uses, esbecially:

in the shont run.. The va1ue,of the reTeased’iand%wj11 depend on the
category int which it is zoned.

If releaged 1ahd is zoned for e} altocated to public use, the-

i .
valuation problel becomes even more difficult.” There is no observable
B " : T, . . . ) ‘ . ] .._
price for public lapd. The -conventional appreach is tg value land .

a]located for pubixc se by its opportunﬁty-cgst in‘the private
market - One 1mp11c1t ssumpt1on quer}y1ng th1s approach 1s that the

government uses land to\the pg# t a wh1ch the marg1na1 soc1a1 benef1t

»

3
»

27 For studies on zoning and 1and values, ‘see Yeates .(122), Crecine,
- Davis, Jackson (86), -and Reuter (116). : S '

~ ' B . L
ff;‘ . ' -




,of‘public land equals the price of land in the, pfivate market. This .
‘ assymption'is highly quesgionable, dhd,the bpportunity cost apprqpch;may:
either under or overstate the value o# the land in pdb1ic use. . .

o I1f,the released Tand were used to‘build highways, parks, or ‘ .

'puinc houéing, the: benefit of the released 1and will be one of the
‘ ' fol]owing' (i) If the highway, park or_pub]1c hous1nq project would o

i © ot be_ built without the released 1and~’the beneflt besfmes the "net"

-\

. ' benef1t of the highway, park, or publﬂc hous1ng prOJect 28 * (11) If the

h]ghway park or public hous1ng progect wou]d’otﬁ@rw1se be built in’

* another locatior, the benefit would be the costs (e.g., land, demol1-

- L4

/

tions assembly, transportation) saved by making use of the released- .
» - . .

. . . : . - £

1and P

.

Another possible source of error in using market price as a = y
§> g ‘measure of social valde has been suggested by Solow. 29 He shows that 1f
cengestlon to]]s are not charged on crowdesbroads, land rents w111 :
reflect the prlvate costs of tnanqurtat1on, not the_fu]lfsoc1a1,qosts, L
and market 1;nd va{Lee i1l then be faulty gu%des to 1an9 use.

‘ The p~rob1ems‘é:ed\above cencerm‘ng th&‘use of market price as
- a measure of va]ue.ef theilaqd releaseéd indicates that we should vse .
. this,meeSure with cagtjoh:l UnTbrtenetély,-since it would be difficult
y - 'to estimate the demand curves for urbgn land required to derive the - , :

thedretically correct. measures for wi]]ihgngss to pay for the land

-~

-~

. 28 Suppose the gross bepefit of - the project is B and there are.on]y //;f"
three inputs to the project, namely: labour, capital, and land. In :
this case the va]ue of land is the residual" benef1t of the project

after the deductlon of capital and. labour costs’. A . :
n 29, C ' ) ’

“501ow (174). * ¢




,,‘released by raﬂway relocation, in pract1ce one probab1y must rely'on’
market prices prevaﬂmg ‘prior to rg,ﬂway relocatmn .
o - Conce,ptuaﬂy the market pr1ce of a piece af 1and is its

cap1tahzed net rental va]ue over an 1nf1n1te time horizon, i®.,. ,

markeQ‘price ef land - ' o

£
>
1)
he 34
14}
o
"

R = yvental value of the 1and a; t1me t

G,. = - costs®f ,upk.eepﬁg the iand a1‘.r t1me t Q

. . : . P
- \gr io= ;ﬂjya'te discount rated o
{ ! " * » ¢ o

Hence rf we as,sume that the project life is 1nf1n1te !the market

pr1ce can be used as a measure of the value of’ the 1and r‘e]eased subJect

. .ﬁ,to the qnuahﬁcatwns dis USSed above .However 1f ‘the pr;o,]ect life is
* .

'assumed to be ﬁmte, e.g., 30 ygars, becausg "al

A, "' »3

* ] s expected to termma{.g 1n 30° years, then so -far

ra1 lway serv1ce is

o'

s re]eased Tand 1s .

>

cpncerned the benefit '15 that esttmg raﬂwa‘y 1and is re]eased now
. . rather t'han.m 30 years The beneﬁt of th‘IS 1s th!e dzscounted va]ue of

\ ' N :
) net rents.ovér the pext 30 years, o e '
. . -~ ‘a

. I Another prob]em concernmq 1.‘he va1ue of the released 1and is the_.

-

X !/
poss1b1e d1fference between the prwate dtscount rate and the 3oc1al

. ‘ dlscount rate. Nobody has determmed whatgthe sOc1al d1sco}mt rate ig.

N LY ¢
- Houever, the consensus appears to be that the soc1a1 d1seount rate

%

shou1d be equa] to or. less: than the prwate d1scount rate From this
LI ' point of view "the market ‘value of 1and released may underestimate its
social value. - :

'y

as

oy

™
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v 1.5 Improvement of areaé abutting railway facilities =~ . )

o -

Railways 1mpose air, "v1sua1 " and no1se pollution on people in

'\ " ' the1r ne1ghbourhoods In what fol]ows we atte pt t04e5t1mate, in terms
. of do]]araﬁ the’detr1menta1 effects ,of ra11way:)on sukrounding residen-
) * tial,areas. 7 i e " .

There‘has been ne.study which systematically measures rai}way

noise, air, and "visual" pollution. -However, there are several studies

e

- concerned with-the.noise impact of’raiiways.so Figure IILmasTTTLstra%es
3 "« the noise'1eve1§"created by a passing train at various distances from N

N . . - r ~ "y

the track. Accord1ng to Figure I11.6, a RﬁSSan train may give rise to

a noise leve] of 80 dBA at points one tra1n length from the track 3
To g1ye an-idea of what anDSO dBA noise 1eve1 means to the human ear,
Table II1.2 giveefsome examples of average  noise® levels from various
sources, - °? ' L | B : S

3 If ra*]ways 1mpose externa] d1seconom1es on the res;dent1a1

| .ne1gbbourhoods through which they pass, the rémova] of the raw]ways

o ‘may confer benef1ts (%uch as reduced noise, alr =and v1sua1 pollutton)

on present and future res1dents, and passersby 1n these areas The

value of the berefits is Qhe amount that these people will be w1111ng

to pay for remova1 .of the ra11way *Suppose there are R people and /' ¢

1nd1v1dua1 iis w1111ng to pay WTP. do]]ars;during!berioq t. Then

, A' ' . ’. ‘ o - '
. e A . » e

T ~ Ogee Peters (165) and t‘h;e/gtuc.‘iés cited therein. e

)
31Sound energyd1s general]y measured in decibles (dB} a unit that
. corresponds to -10 times the common logarithm of the ratio of emergy
> between two sounds. dBA is an.A-scaled-measure of sound, pressure Tevel.
¢ It has ‘been demonstrated that the subjective. reaction of humang ‘to '
. noise is ,reasonably closely correlated with readlhqs orr the A-scale (in T
* dBA) of a sound 1eve1 meter . :

. . . A
- % S .
. . . .
. . ) F— . B}
.o T ' -
s .
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. Figure I1I1.6 .
l J 4 ~ . -
R Noise Level and Distante From
oL, _ -Railway Track - . . ‘
D ' » « ’ o b} , .
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-~ s '_ . _ Toes

. dBA -
L 100
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. S Source: S. Peters (165). > . w» ‘
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«« . relatively slow diesel multiple units. . _ .
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TABLE 111.Z2 o
¢ ; ' .
e 'I No1se Level and Re]atave Loudness of. Typical .
. .. Noises in Qutdoor Env1ronments
- ' . : . )
. _ /3 . - ‘
(dBA) Subjective Community ' ‘
_ . Impression ' '
o v ° - - ‘. »
130 . LA 32 times as loud
Military jet. aircraft takeoff with . -

afterburner from a1rcraft carrier at
« 50 ft. 1"0 dBA R
12¢ _#"Cg"’f",tab‘l ( ) : 16-times as loud
ou - Turbofan aircraft at takeoff power -

, under flight path at 200« ft. : ‘e

- {118 dBA). -
10 — ——— 8 times asloud

. Same jet f]yover at 1,000 ft (103 dBA).. g
Boing 707, DC-8 at 6,080 ft. before - )
landing {106 dBA). BeH J-2A hehcopter a’
at 100 ft. (100 dBA). , R
4 tings as loud

100 Very ! .

, _ T8 T Boing 737, DC-9 at 6,080 ft, before | _ .
. . landing (97 dBA). Motorcycle at . )
. 25 ft. (90 d8A) ~ @ PO . .
90 — 2 times as loud
’ Car wash at 20 ft. (9 dBA). Prop. plane . o
! + flyover at 1,000 fg. 1((88'((12/4). I;T’esel . .
. N truck, 40 mph. at 50 ft. (84 dBA). D
- 80 _%‘Mgﬂe(rately - A Referénce Toudness
- g ] ) e High wrban ambient sound (80 dBA).
Passenger car, 65 mph. at 25 ft. (77 dBA)
J 2 . . Freeway at 50 ft. from pavement edge
° : ; . 10 a.m, (76~6dBA) .
60 - 1/4 as lqud
. Air_-condltiomng con‘deh.f;ing unit at T
- . 15 ft. {55 dBA). Large transformers
\ Qﬁiet at T00 ft. (50 to 60 gBA). .
’ 50 - - 1/8 as loud '
Bird calls (44 dBA). Lower-limit ‘ ..
] Co * urban daytime ambient noise, (40" dBA). . .
N 40 - - . - 1/16 as loud
.. - Scale interrupted ‘ .
T ~LJust ’ ’ J
. —audible - - ' ) . R ’
’ )
0 Threshold . .
of hearing -

A ) 1 . ‘/ : ) ° . L4
Source: Leo L. Beranek (127}, p. 576, Table 18.5. -

-

~-




the aggregate discounted value of benefits is .

N R WTP

t=1 i=1" (Y +r)" .

.

» ) 0 -

where r is the discount rate per time period and.N years is the time -

)

horizon of the project. " In this.study N 'is assumed to range between .

.
4 ®
|

30 and 100 years. y

It is 1mposs1b1e to measure B d1rect1y by ask1ng peop]e what they
would be willing to pay. Among other thw peop]e may not revea] their
trué preferences. and the quest1onna1re approach may therefore be

unre]1ab1e '_ s , ; - .

Under certain circumstance§, however, an -indirect measure of the -
. :

benefits due to removal of sp111overs ,may be der1ved from data on

property valuesv Use of such data is- &ppropr1ate to the extent’ that

A

.externalities are cap1ta11zed 1n property va1ues "The available
evidencé from emp1r1cal stud1es suggests that externa11t1es are, at
feast part1al]y, cap1ta]1zed In Table 1&1 3, we list a number ofK
studies wh1ch have attempted to détermine the effect of xterna1ity-
generat1ng projgcts on property~va1ues in the1r,surround1 g areas. -
Some attenipts have been hade to'use.eStfmatéd changes~over'time

or differences among locations ih property va1ues-}ptmeasore spi]]orer

P

benefits or costs of pub11c prOJects For‘exanpge. Ridker and Henning

(115) est1mated that if the 5u]fat1on 1eve1 (a medSUre-of a}r poi1otion);

was to drop by .25 mg/]OO-cm /day, the' total 1ﬁgrease in property va]ues

24

for St. Louds m1ght be as much as $83 mﬂhon.32 " They ardue that "if

.’ * I » ' - N )
R1pis is' likely to be an overestimate of the change in property

+
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TABLE I11.3.

Externalities and Property Values -

Source of
Externalities

Effect on Land
and/or Property
Values in'the
Surrounding Areas

" Mohring-(107)

Nourse (110)

'

Knetsch (104)

Nourge (117)

Kitchen and Hendon (105)

Ridker and Henning. (115)

Rothenberg (170)

> ’

Y

* Anderson and Cnockér (81)

Crowley (57)

>

"o

' higﬁways

dubiic hodsing

reservair

air’po]]utién

- park

air po'lh&ion-
urban renewal
air pollution

airport

positive,
none
positive
. ﬁeg;tive'
-'positi;e
‘negétive~
| positive

* negative’
. wq'f'

¥

none




our model of the housing market is reasonably correct, households *
should be wi]ﬁing to pay at least th%s amount for.the specified reduc-
tion in pollution." The same kind of reasoning appears in Rothehberg

(170).

3

However, on]y under rather restrictive assumptions does the
difference in property va]ues between two areas prov1de an accurate
measure of willingness to pay for, remova] of sp1]10vers 33 Suppose that

properties in two areas are alike except that railways impose-externa]i-~

2

ties in one area. Under perfect competition and‘with perfect mobility
of househo]ds, the d1fference 1n propenty values (per property or. per

acre) between the two areas pr1or to rallway re]ocat1on w111 measure

the w1111ngness to pay.for removal of the externa11t1es by the arg1na

1

‘Vhouseho1d; -Only if all households 11v1ng 1n the area affected by ,
railway éxtérna11t1es have thq same dﬁ111ngnesswto pay for removal of

the externalities as the marginal househo]d;wi}] the difference in

’

property values provide an accurate Basis for caqu]qtihg the aggregate

ui]]ingﬁesé to pay for removal.of the eXterndlitiesﬁ In fact 'one
4

0

wou]d expect that most .of the -households 1iving in the area affected t‘p
ra11way externa11t1es would not be w1111ng to. pay as q’ph as the

marg1na1 househo1d for removal of the externalities, since the competi-

' “

‘f tive mquet w11] allocate polluted properties to those whose willingnes

‘ ‘ .

-

¢ ©

values since ‘this measure assumes that demand will increase fnithe
newly cleared areas to equal demand elsewhere without the balancing
effect of demand reductions elsewhere. See Edel (92).

33

: This point is mentjomed by Edel (92) and is the\ceqtra] issue in
Freeman (97) and Lind (16). ‘ ,
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to pay.fer avoidance of poliution is Teast.
Suppose we rank the combined popu]ation‘of the two areas,
aecordﬁng,tb increasfing willingneds tp~péy'per acre to remove the ‘

pollution. JK in Figure fIL.7 indicates the marginal wi]lingngs§ to

P

pay jper ‘acre as a function of number o{ acres of pelluted land. The

person who cares 1edst‘is‘wijlihg to pay 0J per dcre and the person

~

who cares most will. pay QK per acre. 0Q is the toté] suggly of lqu

‘which is cpmbosed of OF';cres of polluted fand anh FQ acres of non-
polluted land. fﬁhé compefitive equilibrium rent differential between
" othe two types of 1a6d is OH, and those willing to pay‘less than OH will
occupy the pollTuted 1and. ‘The total;willingne§s to bay‘for }eﬁovél of o

pollution by those Tiving on the p011uted land is indicated by OFGJ. ’

However the . di{Fference in %he-va]ue of the OF acres at the two prices

. ~ "

is OFGH, which.will normally exceed OFGJ.
The same conclusion can be npaéhed by'fb1lowing an alternative

-

approach devéloped by Freeman (97). Freeman was concerned Qitﬁ\pro.e#ty
values and‘ai? pollution. . His mode] can be useq to illustrate the
relatﬁonsﬁip betyeen property values and railway externalities. v o

. | Assume that the‘ma%ket for residential'DrOperties is in equili-

brium and that" ' T

where V is the market value of a propqrty; which is a function of

distance from the railway (Q). Figure-II11.8a shows one-possible form of

- this partdial re]gijnship. Q* is thg‘distance from'the rai]w&y aglﬁhich

the externality becomes zero. o, 4 C "

L]

-
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Figure 111".8b shows the marginal purehase brjce function,

R(Q) = V'(Q). Di(Q) is the demand curvé for distance from thevrailway ~

for an individual household i. The first order conditions for household

utility maximum require that the household Tive at Q; where : 3%

Thus. R(Q) may be interpreted as the locus of the equilibrium marginal
willingness to pay of all households. Only if all households have
identical marginal willingness to pay functions will R(Q) }tself‘be each

household's demand curve.35

In Figure 111.8, the benefit of removing the railway'so far as

properties at distance Qi are concerned, would actually be ABDE, but
our measuee from the ebserved distance m'railway-property value
relationship would be ABCE = GH,' which exceeds ABDE and hence is ang
overestimate.

Thus, so far'as»these considerations are concerned, one would
expect use of differences in property.values to lead to an overestimate
of the aggregate willingness to pay for remoVa] of ra1]way externali-
ties. Unfortunately, there AOES .not appear to be any pract1ca1 alterna-
tive to use of property values, and there is no practical way to measure
the extent of the bias from use of property values.

We have discussed the relationship between d1fferences in

L

34The second-order conditions require that the demand curve cut
the marg1na1 purchase price curve from above.

35A sufficient condition is equal incomes and 1dent1ca] utility.

functions for all househoids.

i
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property values and spillover effects in a partial equilibrium

36

framework. A study by Lind using-an optimal assignment land market

37

model arrives. at essentially the same kind of conclusion. Further-

more, this study demonstrates under certg%n aeigmptian'that "the

benefits associated with a particular project can be measdked‘$n termg

of the changes in the profits or surplus on those activities which

38

1ocate’on the parcels of land directly affected by the project."
There are two complementary appreaches that.dép be used to

estimate the differences 15 property values. ~“One is the "controlled

. areas" approach. 39 Areas with‘sinﬁlar characteristics other than the

externalities in quest1on are chosen, and the property va]ues in areas -

K

not affected by sp111overs are compared ‘with those in areas affected

by the spillovers. The difference in va]ues per property (or per unit

area) times the number of:bronefties kor total area)-may be regarded

as a peasure of the benefits of rembving railway spillovers. The main
Q? difficulty of this approach is to find satisfactory control areas. The

differenceljn property values may be due to factors other than. the

spillovers under consideration.

-

36Another problem in connection with the use of property values is
thé danger of double counting. We have treated savings in vehicle
travel time and improvement of areas abutting railway facilities
separately. Depressed property pRices near railway facilities may
reflect both 1naccess1b111ty and environment externa11t1es arising
from railways. : -

o
v

iind (16). . R

Bpid., p. 201, ' ' T
39 -

IR . ] ‘
For examples, see Nourse (110, 111) and Crowley (87).

v N . *
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Another approach iS’regrESsioh,analysis based on cross-sectional

data. This approach, which we shall follow in this study, provides

better control> of the effect of other féctors on property values. Table

N

I}I.4 summarizes some of the studies which have usedhbhis method for:
residential properties.
For single-family residential pfoperfies one can estimate the

following funct{on:,

where P is thé gricé of a residential broperty and X],.._.,Xn are

1ocationai housing characteristics, epvironmenfa]d and other variables
N ‘' . Q -
which affect housing prices. We shall discuss the specification and

estimation of this ‘equation in detail in Appendix E. Ong of independent

variables, say X., will be distance from the railway. Our main

hypothesis will be that befauée of railway externa]itiesﬁ

2

L 3P
> 0 and perhaps <0 :
My o X’ ,

i
The hypothesized relationship between price and distance from
the railway, other things being equal, is illustrated by the surface

~

ABEHIJLF in Figure III.9.

=< 1.6 PReduction in air pollution at level crossings

\
- AN

A number of gases, vapors, and typés of particles have been
identified as air pof]utants.l It happens that vehicular transportation

tends to generate some of the most important poHutants:40 (1) carbon

‘ »~

40see: National Cooperative Highway Research Program (163).

LR



diySABUMO 4RD_ 5313 use

aceds uddo *gg 4IAD u0LY
-e(ndott o 3 ‘G| 43pup uoly
-e|ndod ¢ 4La3snpur $Bujuoz

. asnouy

abueyd “abe *adfy asnoy

'

(vL1) A8qany
pue *puodip
fuospaeyd iy

33 006 Uty3im sanogybiau 1
40 *Ou *aaydesy/idng

az|s 30| ‘syjeq ‘abe

‘wood K| jwes *Ide(dduty
tabeaeb *azLs *)I{uq 4b
auols *saduel|dde jo anjea
faoeds Bugarl 30 34 bs

adiad PSNOH
*

—

, (1ot)
tIASMONZSOLW
pue 43yiauy

SOURSLNU 3jedd4LE

WoJy WOPBILY ‘UOLY
-eppdejip ‘uotje{nded I{ym
" -uou ‘goeds udaub uadp

abe

‘s3oe dady) fsabued *syjeq
‘aowds apeuaed ‘joi ut

w34 os’tasnoy uL "3y tbs

-4

Aemadsuy 30 aumplw Uyl im
.MPcozUm 03 IUeISI]

+

‘92 pad 3SNOH
4

N

(v6) uogiou3

3139 udalb b3 A3 jutxoad
‘ease UL A3isuap uoll
-eindod pue sse|d {eldog

~

e3AUR uoqﬁm.
..m:_owmz,—nsacuu<.wm<

Qa3 03

8o jud ™
asnoy abesary

(99) aqen

”ww_:r-:on 7 ‘pLo
saeaf gz Buisnoy jo0 g
‘xapu) uotrnqLod anyding

3uoN

3S02 DUD W3 [IARJY [}BY

08) 03 due3sip:(boy)

adtud asnoy
ueaw (§o1)

(18) 4ex2043
_ pue -UgsJepuy o

BAUR UL SIUIPLSAU

.30 Buyooyds ueipaw
‘abesn [eLjuspLsSad-uou
A3pjenb [e1Ljuapisad diseg

.. R34R J400{} 35 ‘e3uv
1010%° swoos 30 “ou *abe
T tAYLLenb Jpun Buj|(3Mg”

JuRdjLubLs uoy

PUEY] xﬁzu:ms
40 (boy)
8)14d asnoy

-y

(€0L) A3(Binp
pue upey

JWOOUL I0RAIAR ‘ILym
-uou JO 3 *A3LsSudp uotrjep
.-ndod ‘xapul 935 ‘AL end

Looyds fA3isusp buysnoy

*sawoyd | 1nq A[Judd3u

40 ¢ ‘uopIngod Jjy

o5

e
SWOe4 0 J43QUARN

Auwnp 33e3s “sAemybiy
rew 03 ‘K3 1[1qis5adde
QgD OF-dwll |3aed|

an|eaA
A343doud ueay

(SiL) Buiuusy
I pue 43Py

ospm» bulptnq *x3pul
A31{enb pooyanoqubyapy

3{qed4|dde JoN

" Auwnp AjdesSodoy |
'gey, 01 Iueasig

‘3993 auenbs
49d anqea pueq ,

— 5

| CUBWILOI | AU

——

pare Ypeasnoy -
i N e

.

Ceuoy3e207

uoi3endby 345

A58, W s31qbjavA JudLyublS

.'”

dLqeiaey m
Juapuadag

(58) weybyag
- Ty

L fms ]

T N T
) hY

-

wnyep A148d0ad 40 puey 40 SIURULWIBYAY

v Il 31evd

LY




" " Figure I1IT.9 ° : C
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Prices of Areas Abutting Railways
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(4) smoke and part1cu1ar~ﬂﬁtter, (5) lead; and (6) photochem1ga1 smog.

It has been ‘found that em1ss1ons per veh1c1e m11e ace 1ncreased by
decrea51ng speeds and 1ncreas1ng ‘the numbergof speed changes ’

" Consequently, the dece]erat10n acce]erat1bn cycle that is
character1st1c of the traff1c at most Tevel cross1ngs adds po]1ut1on to

the air.. The remova] of the level crossing e]1m1nates_th1s source of

%1r poﬂutwn . T ~ fdf

»

Where .the Tevel cross1hg is removed’becaUSe of ra11way re]ocat1on'

the benef1t of the reduct1on in air p011ut10n is captured \p tﬁe va]ue
of the 1mprovement to areas abutting réi]way fac11jt1es. where the
level crossing is rep]aced by a grade separation the benefit‘of the
'réduct1on in &ir pollution must be measured directly.

~

G1ven suff1c1ent ‘data it is dot d1ff1cu1t to measure: the above

-

reduct1on in air po]]utlon we may proceed as follows: (1) Estimate

\ . .
the number of veh1c1es-(v ) slowing down ahd aGCelerating'at 1eW7
trossing k- per day (2) Est1mate added emwss1ons of HG, CO, NO . é?b\

from- dece]erat1ng and acceTerat1ng (3) Multiply V¥ by the estimated

. . added emtsqpons to get the da11y reduction in air poliution at croséing

ke:A(4)'CarE§ out the same galcuTation for all relevgnt cgossings,and

- =~ . _7:.' x

add the daijy rédUCtidqs to get annual reducdions.
‘With respect to metor vehicle air pollution we should take into.’

account the fact that future modifications in automobile design will

. -
b : - . 1
,prpbah]y-reduce air pollution and hencesfuturt air pollution should be
; o . . . p
discounted from a technological point of view.H )
R . . ' S Y
oo T 9, ’ ’
Y —_ - . . .
K »
A4

‘monoxide (C0); (2) hydrocarbons (HC) (3) oxides of nitrogen (NO )i -

For a éuggested discount curve, see National Cooperative Highwayfx'j
R - B ’ . ) :'.‘t -

b - . PO

»
’
e,

[4

o
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Valuation of the redubtion ﬁn air pollution is no different
from the va1uat1on of reductton of ra11way externa11t1es What wé
need is some damage funct1ons re1at1nq automobx]e em1ss1ons to human -
heglith,-etc. -A dol]ar va1ue'may then be ass1gﬁ!d to the damages 42 At
ptgsent such an approach cannot be fellowed due to the lack of k;ow1edge
in this area. , . v

’

B,2 Costs of Railway Relocation Compared with Status Quo ‘
» R S bl N ) ., . .

- In"this section we thrn\to éEtimatibn of the costs of railway
° 5
relocation. We shall discuss the various categories of capitaf and ¥
,opbﬁéting costs.  We do not intend to deal with the estwmat1on methods

y for these costs in any deta11 s1ﬂce they fall mainly within the- rea1m of

c1v1] englneerlng rather than econom1cs 43 However, it is up to the .

\

econom1st to make sure that alvl the correct opportun1ty costs are ] e

1nc1uded and that nothing is left out or double counted .

"~ 2.1 Capital costs

The'main items of capital costs are:44 ’ ' . - . )
Ré;eardh‘Program (163), 5.141. For adetailed study of @lternative _ ¥
strategies to combat future automobile pollution, see Dewees (138).

42For a concise d1scuss1on of the Tosses caused by automob11e
pollution, see Dewees, ibid., pp. 23- 37

4‘3For* detailed dlSCUSS10nS of ra11road-construct1on co igi, see B ] -,
American Railway Engineering Manual {3124} and U. S. DepartmeWt of

‘ »’Transportatwp (42). <\ ‘ p

ad, ‘ .

- \ The exp051t1on of the list- of capwta] costs foI]ow that of U S
Department of Transportation (42). 4
. " -
- { ) .
¥ ¢ -7
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(1) PFOperty acquisition and related costs: right-of-way
acquisition, assemblage costs, severance damages and

damages to improvements. .
r

»

) '? (2) Site preparation costs: demolition costs, utility reloca-

. tion and protection, grading and riprap. h

-

(3) Track work'and'tréfk structure costs: temporary relocation,
, " track inclading ballast, turnouts, tannelg}énd subways,
. bridges and trestles, elevated structures, culverts.
_r—ﬁ\\\ﬁﬁl Rdght—of-way protection: fences, signs.
(5) Railroad buildings and facilities: station-and"office
. buildings, roadﬁay'bu11dings,'water stations, fuel statioﬁs,f»
shops and eﬁgine‘hqyseé. ) .

4{ ° (6) Signals and communications systems: automatic block

signals, centralized traffic control, interlocking plants,

and telegraph lines.

v (7) Highway crossing and crossibg warnina devices: f1§shiﬁg

4

Tight signd]s,.automatic gétes, grade crdSéings and grade
separation. ‘ _ ' ) o

18) ‘Engineering.<* N 0 @

(9) Contingencies.

»

Al

(10) Rai]Poad_rembva] costs,-gracis, strﬁc;ures and buildings.

»~

.

-~ . > - . .
e ) . Cost item (9), contingencies, is a provision for unforeseen i
’ » . ‘
. costs. It is not clear whetfler this item should be included in the“‘
» ' ’ . ‘

) . " cal

. \ - .

ation of regl spedal costs because it may or hay not occar.
N \ . - - , B .

However, iné

~ - .

eTThg cost® studies, this item (usually assumed to be

-= 10% of total costs:estimated) is a1w¢fs included. .
‘ o a
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" To be deducted from the abeve capital costs is the salvage Value
of certain items such as rails, ties, tie plates, joints, signal

mater1a], etc., from the de’TBcat1on

In addition to.the salvage value of the existing line there ig

another saurce of sav1ngs whlch must be cons1dered It must be

realized that the cap1ta1 costs of bbta1n1ng the stream of ‘benefits is
Eot the cathal cost of re]ocat1ng the‘:e11weyj, Th1s cost must be
.adjusted for the fact'that ‘the existing railway facilities have be€n ~
used and wquid needAldﬁbeﬁeep]acedmwithinma—eeriaih~period of time——
simply to maihtain'the status quo. QIn adohting the relocation thesef
cap1ta1 expend]tures are avo1ded ~Hence the capita] cost of the
relocat1on proposal must- be adJusted to ref1ect these sav1ngs, wh1ch can
be meq§ured conceptual]y in the fo]10w1ng manner.

- Let us aisume that a) ra1]way traffic and ‘hence the use of-
“railroad fac111t1es does not change as a resu]t of relocation, (b) the
average service life eXpectancy of" a]] new ra11way fac1T1t1es ism
years, (c)-the eéxisting ra!]road fac111t1es have an average rema1n1ng
life expectancy of m/2 years, and (d) the‘plann1nghper1od under consid-
eration is N years. Then the present d;scounted va]ue of rep1acement

' costs under the status quo will be: T ’*, .

- qu - qu““.;; . qu ng

C -~ R A
'sq (1+r)“‘/2‘ (1 ep)M270 1 g )““‘*’"/2 (1+n2

-

The present*discounted Qaﬁue of replacement costs with-
et 915ee €.or e

)

»

relocation is: p
-

9
Crr




Q . ’ ¢
roo. .
present vafue of replacement-costs under status quo;

_present value of replacement costs with relocation;

replacement costs occur at thé beginning of period i.'~
. o
under status quo where i =1,2,...,k;

replacement costs occur at the beginningséf period j

with relocation where j=1,2,...,3;
discount rate per year; _
‘VEa]vage Qa1Ue ot railroad facilitjes'undej stétu§-quo
at the end of the p]ann1ng period; o . ..

‘sa]vage va]ue of ra11road fac111t1es w1th relocat1on at
P
. therend of the piannlng period.

/

<
I//may bé noted that N = km-+m/2-+s = gm-+t where s and t are .respec-"~
t1ve1y the rema1n1ng life. expectancx of ra11way fac111t1es (wh1ch are

replaced at years km+m/2 and gg. from now) at the end of, the plannity

peiod under the status quo and relocation alternatives. The sawings in.
. . . ) ' 4

~ replacement costs will be

A S ’ ‘,‘L v

4 : -

¢ ?sq " Cppe .

This amount shélld’ be deducted from the sum of _capital costs (1) to'(IO):
' Another p01nt to note about cao1tal costs is tﬁ\t‘the Tand. l
-acquired for construct1ng few raIIﬁgys and yards can be released for
otheruse at the'end of the 1ife‘of'the projett,assumed.z»Hence it is

the capita1izedvrentaﬂ'9a1ue of the Tand over the life of the pfoject"

and not 1ts market va]ue that 'should be counted as. a cap1ta1 cost.

However, if the life of the progect 1s Iong, the d1fference between the

two- may be smafll,




-

2.2 Railway opérating costs .

Relocating the rail network “in an urq?n area may either increase

Lk ad

or decrease specific railroad operafﬁng costs.” These changes must be

. : ) .. .
considered in the evaluation of a railway relocation project. However,
‘the‘existence of both joint and common costs, costs that exhibit wide

'variability under different service conditiong and the unique
' accounting systém of the railway companies45 have all combineq to render
o . . - ) , ‘ ‘ ’
refined railroad cost analysis extremely difficult if not impossible.

[T, S

.

Agpording.to one author, .theme are at ]easf Ssix approaches to the
finding of railroad costs. They ‘differ (a) in the basic statistics -
_they include; (b) in the source from which the statj;tiés'a%e secured,”

and (c) in the methods used in arriving at final conclusions from the:

46

data employed. We-do not intend to discuss the diffefeng approaches.

The Tjst of operating costs tobe presented below rebrgsents one such
approach47 which seems-apbropriate for our purpose.. v -
We may distinguish three general categories of operating costs,

©_namely:- (8) ]1neh§p1 cosss, ' (b) terminal costs, and (i)‘frejght and

X

passenger car expense.

(a).fL{nehau1 costs are the costs of operating trains over the

9

railway. These Tnclude: (i) train and engine crew wages, .(ii) mainte-
- ?'

"

nanc& of locemotives, (iii) maintenance of way and structures, Q’v)?&f

1bcomot1ve.fue1, and (v) dispatchingj caboose, and misqg]laneou§ train. . .

*
- . . N

M [

.‘4A55ee Canadian Transport Commission (132). F

’

=

- poote (167). _

4

"Foilowed by the U.S. Department of Transportation, op. cit.

é
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. expenses.

\ . > ~

(b) Terminal costs iﬁclude:‘"(i) wages of switch engihe crevs,
» . ‘:' N
(ii) fuel’, maintenance, and depreciation of “switch ehgines,‘(iii)‘

station clerical expense for billing, dispatching, crew calling, yard
supervision, etc., (iv) maintenanc® of yard tracks and structures. The
\\\' costs in categdriés (a) and (b) are analogues except 'that the usual

-

‘causes of varéation,are different. Category (a) costs usually vary

L]

with distanee while category (b) costs often vary with time.

-

N ) . " ‘
(c) Freight car expense referseto principal and Jinterest pay-

v

- T

ments in owhing freight and passenger éars:

- “ o

»

S : - _As a result of Yailway re1ocatibn, there would be changes inZ

route length, gradient, curvature, and the type of rai]hay facilities

‘and structures. It is essent1aJ to- understand as ﬁo how these changeg

\ h ! / ¢ \ﬁ./\; ;
i ,may affect the var1ous costs d1scussed above 48 ‘“yﬁﬁfﬁ“~

e

. ' o Table 111.5 shows the degree*ﬁf respons1venes§’of each cost

category ég various p1ant or operating changes which m1ght'result from a

L]

-

railroad re]ocat1on proaect. One change which is not exp11c1t in

Table I11.5 but which should not be ignored is the potefitial redugtifn
- . s CFE .

in railway operating and maintenance costs due to modernization, i.e.,  «*

newer a;; more moddrn capital stock *ol]owing¥railway relocation. It

e

e must be 1ze£l t‘,hat the ana1y515 of "camses" and’ "effects” presented=

-~ ‘ in Table-I1I. 5 is more‘a conceptua] exercise to 1dent1fy the key

"elements affect1ngQiujxoad cost changes than a pract1ca1 gu1de as to
~ ‘- , , : ’ . " . ',;- ) ’ [
48For more deta1]ed discussion of the operat1ng costs, see 1b1d
- chapter IX, ard Poole, op. cit.




TABLE I11.5 -

o

Categories of Raflway Operating Costs
and Selected Causes of Variation

-

Cause of Variation

Cost Categories Likely
to be Affected

Change in route length

~

b
Change in runniggytime

Change in gradient, rise and
fall,. curvature, speed
restrictgpn zones, etc.,
affectiﬁﬁpwork done by
locomotives o

. Change in "fixed" plédnt’

-

Through train crew wages

M11eage portion of car rental and
ownership costs, includjing
cabooses

Maintenance of way

Smaller part of fuel expense H‘gw

Part of 1ocomot1ve expense

“total and sw1tch crew wages

Time portion of car rental

Most other cost categorles are

- slightly affected, but can be
ignored unless change'is large

Greater part of fuel expense

Greater part of 1ocomot1ve

" expense T s

"Fixed" pidnt maintenance and
. operat1ﬂg costs . e

-

Y

Source:

U.S. Department of'Transportation (42), Table 3.
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how these changes may be estimated. [In our case study of'railway

«

. . relocation in London, we shall examine how some of these costs have
- » 5 ~ [ “Q . N #:
. been estimated- : . '

*
¥

L}

- 2.3 Transportation and re]o&ation costs for railway users

-* In Chapter I1 we‘Méntloned two groups of ra11way users, indus-
tries- and passenqers .If .the passenger terminal were re]ocated, sone
. - :
* gassengers wou]d have to travel:a lonqer\d1stance “ahd others a shorter

&

¢ o T . distance to reach the tenn1na1 49 The change in transportat1on costs

[

|
N
£

{
=

\
o+

.’ -
for pagsengers over the time horizon of the project will be = *(_ N
- § ) Pt . t; " . * % .
_E = r oe, /(1+tr) . , e :
. ) . . . 'i' it s . - e
‘? . . . \ B + '.‘ ) . '
where eii is the difference in transportation costs (yaﬁue of time-and
% - s
?!?ney) for 1nd1v1dua1 i before and aftgqr ra11way re]ocatlon for year t. -
, . Ji1§ the number of individuals affected in yéar,t N is the'prOJect

Jdife in years. = . . . &
"\‘ ! " '-w . - ] .
Let us &urn to transportatﬂ‘o'n and, re]ocatim Posts incurred by

Z\\ ffndustries Fﬁr those 1ndustr1es wh1ch do not move as a resuTt-of

railway re1ocat1on, there wou]d be changés. in transportat1on costs

-

. . These tr!‘hportat1on cost changes can be broken down Snto two parts:

, » N ‘ . ey |
(i) capital costs such as reconstruction of 1oading areas, and {ii)

q o

shipping costs due to additional truck1nq to the rail term1na] or change
. - - .

‘ . , .
. ;e
! »

’

. ¢ ratlway relocation affects commyter rail servick,/then the .
U change in commut1ng distance and hepce travel costs should also .be -
*  considered. \\\\ : R
N . l“ o
. \ ~
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50

to trucking‘(or other modes altogether). Suppose there are F] such

“firms affected. The thinge in total transportation costs for these
> 19¢ 1 ‘

firms in N yearsswill be

H

AN . .
EE, L Ciy - °
I-l = ¥ C_i + i\\z t °
i Lot aEn)
where Ci = once for all transportation adjustment costs for firm i;
C;¢ = change in shipping costs for firm i during year t.

s

For these industries which relocate, four tjbes of costs may be

. incurred: (i) moving costs;‘(ii).net replacement cost (gross replace-

= 51

meht costs of new site, buildings and equipment leSs_the market value

.of original site, 5ui1dings and equipment); .(iii) change “in shipping

. { .
costs; and (iv) change in operating.costs Hgﬁ,to more .modern plant and

A )

machinery”. If there are F2 such firms then the f£otal relocation and

»

‘transportation costs incurred in N years will be -

- F F F in F

2 2 C.
I, = £ MC. + ¢ NRC,
i i

N
+ I
LI

L 4

) 5OF,or firms that do not relocate the social costs of the various
modes of transportation are implicitly assumed to be equal tp the
freight rates. Given the manner in which freight rates are established
and the fact that these firms ship sm&?1 volumes by rail, it is

* conceivable that the social costs of transportation may not be equal to
the ‘freight rates. However, it is extremely difficult to measure the
Jtrue social costs of traosportation. - . . Py ST

Sleor firms that must relocate, the analysis is simplified if the.

firms are treated as renting the site, which is often the case.
Industrial land released and acquired may then be considered separately.
A . . » . . ‘ B

- »

-

gt
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where MCi = moving césts of firm i;
. NRCi = net replacement costs for firm 1,
’ ~ '

C. = 1change in shipping costs for firm i during year t; \\

1t N

. \\{/“\\.

Oit = change in annual operation costs (excluding shipping

costs) of firm 1.

2.4 Transportation and relocation costs for non-users

-~

The dther group of people affected are employees of firms which ’

relocate, including railway workers. Some.workers would have to commute

-

a longer distance and others a shorter distance to and-from work. Over

»
-

-7 s
()z’ the 1ife of the project; the total change in commuting”“costs for these

workers will be .
. - P . - \ 'ﬁ
- ' N U q. ) . ) ‘
Q, = ¢ =
- t
- o . B . .
where u., is the difference in commuting costs for individual i before
and*after railway relocation in year t. U i3 the number 6f workers

. affected,

¥

Other workers may relocate when their work p]acé chaﬁges. They e

incur moving costs and change in tranébortation costs. let there be V

such workers, .then the total cost incurred in N years will be ‘\
) - " . - ) LT e )
. _ . o )
' - V NV Vit
’ 02 =z Mi +1L ——
i ti (1+r) N

" where M, = moving costs for individual i; ) \ P

? Vip T change in transportation costs for individual i's Y

- Lt

‘family. during year t.

'




2.5 Delay fin traffic while construction is in progress e

We are familiar with the noigé and delays caused by construction
work. Railway relocation projects méy take up to a decade to-complete

and hence cause a lot of inconvenience for many people. We can identify

13

three categories of externalities associated-with construction of road

M
and railways: (a) noise and air pollution, (b) additional transporta;,

tion costs'for’mo£orists because of rerouting of traffic, and (c)

\ gdditional congestion costs on" the,roads because of‘jpz?eased truck

traffic linked th‘construct;on. o (i/, : a‘

Given sufficient data, éxternalities (b) and (c) can % estimated

#~"in a_manner similar to that.discussed in section B.1.1 above. However,

there is probably no alternative way»to estimate (as»éxcépt by asking
people how much they would be Qilfing to pay to put up with the éddi-
tional air and noise p911ution. The approach dfscussed in sectioﬁ ]

B.1.5 abovekcannot qi ;ol1owed because noise an& air’po1]ution cqysed‘

by congtruction are trgnsitiona1 9nd henceiwould not be cqpita1ized

’pérmanent1y in property values.
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, o .-. . CHAPIER ;v

S RATLWAY RELdEATION IN LONDON:
. A & . o *' .

- . A CASE -SITUDY_ : g ‘ .
A. Introduction e
‘) In this chaptet we present aniéconomie’evaluation'of railway - -

re10cqtioﬁ in ton&qn, Canada.. Ifi the ;emaindgﬁﬁaf tﬁi!lﬁeqtten, we give
a description of the existing railway network and three ﬁroboéed
'rai]Way_;eJocetiOn echemes. In sectién B we 5fesent the estimetes of «
tenefits,and Msts of railway relocition. In. sectaon C we, show the |

estimated benefits and costs of grade separat1on In sectton D we brlng

together the results of the prev1ous sect1ons "and attempt to draw some
® - .

. policy conc]us1ons-basg¢ on our emp1r1ca1 f1nd1ngs . R S

P ‘ The City of London had a population of 22;;999 beople ahd an. aréa.
of 62 square m¥les according to the 1971 Census./ There are’ two railiway
companies, the'Canadjan Nati&nal Railways {CNR) and the‘C&qadian Pacific

Railways (CPR), operating four maiff 1ines within the London area. The
four 1ines.are'] - " ) ¢ ) . .

CNR 1. »Toronto-Woodstock London Windsor or Sarn1ih Dundas and
Strathroy Subd1V1s1on)
igf?vIqrgnto»Stratford-London,(Thorngale Subq%vistonY
3. St. Thomas-London-(Talbot  Subdivision) — : .
CPR 4. Toronto-WooJ;tock—Londoﬁ—windsor (Galt anduyindgbr
) Subdivision). . o

L4 p-

” -

Q

.\ _'_ . . i

]The informatidn concern1ng the existing railwawy ﬁetwgrk is based
on Deleuw Cather (34}

t . : . | '

- i *
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STt These lines dre illustrated in Figure;IV.f. Thesfirst.line'has‘

v'v |

~ £

~— 3 double track and runs east amd Wast. The'CN% maip freght yard

. termnnai is located approximateiy two miles to theoéast of ‘the citx\g

central busaness dﬁstrict (cBD). The passenger terminai toqether with a=

train operatJonai building arehon the edqe of the CBD

~

The second 1ine which has gr51n01e tnack enters the tity in
Ihe north-east, JOininq the ftrst lipe to the west of the main yard ’
The third 11ne which X?'aiso 4 single\track 1ine j01ns the

first 14‘? near the CBD. . - - .
)
The fourth 1ine which rins from east to west, is approximatety

3/4 of a milé northlof the first 1ine The yard terminai is aiso~;
.
Tocated w1th1n a built up #rea of the city ’ N
% <

In additipn ta the main ]ines, CNR o?erates 100 and CPR operates
L
36 private sidings and publiq team‘tracks within the city.

'Tab1e IV.1 shows “some railway facilities owned by the two railway
- " ' . ‘4
companies in the City of London = ,

Data on typical daiiy rail traffic are presented in Tab]e IV 2

0
- The Tocations of the industries with rail service in London are -

shown in‘?iggreﬂlv;z. TRese industries generate about 60 revenue cars -

L

‘pe? day 6r approximateiy 2-per cent of the total train traffic passing

through the area. 2 o ) , S o ’

‘In the recent Lendon Urban Transportation Study (EUTS) by peLeuw

A

Cather (34), 'some consideratidn was given to railway relo;atjenfschemes
~C '

DeLeuw Cather, ibid., p. 145

s

4

’
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TABLE IV.1°

—-Rdilway Facilities in the Eity

[d

41{\&22§qn‘

CNR

.

Main track route, miles

G

o »
¥ard and siding tracks, miles

Shed or;storage space, sq..ft.

Freight shed space, sq. ft -

| . Shop space, sq. ft.

|"0ffice space, sq. ft. ,. =

200 "
. .50.0
14,150
81,800
za,éoo._
21,100

4
N

r

{ . %. . :

Source: Deleuw Cather (34).
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After pre1iminary ihvestigation,3 two schemes were recommended for
further study, the CNR scheme (Flgure IV 3) and the Southern "scheme

jE1gure IV.4)._ These two schemes resemble a]ternat1ves (2 a) -

CONSOLIDATION, “and (2:b) PARTIAL RELOCATION, respectively in Chapter I.

"..F¥he main thrust o¥ theCNR scheme is to.consoiidate CPR traffic on CNR's

3

Toronto—Hoodstock~Loﬁdon-windsor or Sarhia route. The Southern scheme

,d1rects “through ra17 traff1c to a new Tine outs1de the c1ty but ma ntains
. ; &
Tocal serv1ce to 1ndustr1es For purposes of compar1son we propese - ‘

another a]ternat1ve. the Comp1ete Remova] scheme (Fiqure IV.5), which
resembles a]ternatﬁve (2 c) TOTAL RELOCATION, in Chapter I.. This schene

is s1m11ar to the Sosthern scheme except that it. d1scont1nues local
- -

service to all industries except a few which are located at the outskirts

of the city. ' In the fo]low1nq sect1on we attempt to. estimate the

Ed

benef1ts and costs associated with these threé relocat1on schemes ¢ the-

CNR scheme, . the .Southern scheme, and the‘Comp]eté-Remova1 scheme.’ v

£

0 . -
! ) ~
v . .

Benefits and Costs.of.Railway Relocation - L

. - - . . e
. . .

In this section we measure the benefits and costs of railway

" reTocation for the three re]ocation schemes: We shall take-1972'as the
base or "present" yeer. Al estimated;benefits and~eosts will be in
terms of 1972 doTlars' The categor1es af benefits and tosts wllf be

presented in the same order as in Chapters Il.and III.

4

<

3The consultants who prepared the LUTS report suggested 16 schemes .
and the Railway Committee of the city government’ d@cided to retain two :
schemes .for future study. It appears that the major criteria used:in
their choice were compatibility of land use and maintenance of ra11way
service to local 1ndustries .

&
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Due to the lack of data, we will not be ablé to estimate some of

*

the benefiits and costs. Also, in sdme casest a good point estimate of a

parameter is not available ard we resort to.sensitivity ana]ys1s in an.

~

attempt to establish a confidence interval for a'category;of benef1ts or
costs. Here we shall discuss some of the key parameters to be used’in;
the analysis. Others will be discussed as we go éﬁonq A summary table

of all the key parameters is given in the 1ast section of th]S cgppter

; "
(Table 1v.28). . . )

(1) Project life. Railway service is likely to be with us for a

long time to come. London is'1oca§ed along the busiest transportation .

corridor in Ontario and as long as tfains are used to move qoods and” ‘

o

peop]e, rail service in London will continue. Future dEVelopments in

'ra11way techno]oqy may reduce some 'of the adverse environmental impacts

~

of this mode of transport "1t is d1ff1eu1t to see, how?yef; how the
1

‘conf]icts between vehicles and trains can be reduced soilong as the two

”

modes continue to use the same level crossings. From'this pQint, of .

3

view, the progect life ‘could be assumed to be long since railway

relocation would reduce motor-rail conf11cts wh1ch would continue to .

exist for a 1ong time. -+ . . ) .

1

The project life question may be viewed from another point.

4

Railway §acilities and structures have a 1imited service life. For

exaﬁp]e, for @ain line .track with heavy duty cohtinuous_wereg rail
carrying a high volume of “traffic, service 1ife exbeﬁtanc§ would be 20
years. For si®ings and yard tracks, a 1ife_expecﬁancy of 40 yeérs can r
be expecfed."Grade separatidéns and bui1din55 may have an even longer
1ife expectancy. Since railway facilities and. structures are expected

to be replaced at—fhe’é:d of their 11fe expectancy, the preoject life of

»

<




N

°
. @
3 N .

railwdy relocation may be assumed to cdrrespond with‘a'rai1way '
4 e - - '~ ' ‘4.,.

-

. rep1acemen; cycle.
'ﬂibé rahge 6ﬁ project life values (30 to 100 years) which we °

assume for the purpose of sensitivity ana]ysi; is intended to cover /

+
¥

both points of view. v

(i1) Trend in rail traffic. Even though rail service is Tikely
. L J

te be with us for a Tong time to come, it is probab1¥.safe to éssume

that®future growth in rail traffic will be negligible. Over the past
; . - ' ,

decade the volume of rail freight traffic has rémained unchanged and
5

£

that of passenger traffic has declined.” We assume that the growth in )

rail traffic is zero in the future. )

e

(iii) Trend in motor traffic. We eépeét motor traffic to géow

over time, thougﬁ not as fast as in the past. From 1960 t001963,,m0¢on

6

traffic in London grew at 4 per_cént'per year, In this study we use

fw

growth rate of 1, 2, and 3 ver cent per annum.7

A

- ° i

4 [?

For more discussion of railway replacement cyc]es: see Damas
and Smith (33). . ’
SSeé Statistics Canada, (176). o S

"6

-

Margison and Associates Limited (153, 154).

7It is expected that car ownership would increase at a faster rate
than population and the number of peoplte per car would de¢line, ibid.
¢ Since we use man hours instead of car hours, the savings in travel time
' . may therefore be overestimated. "Also, decentralization may reduce
conflicts at level.crossings. . : :

S

o
. J
- . 1
It




(iv) qDﬁscount rate‘ The choide of°discount rate has gfven rise ’

o v
- ‘ to a 1T”§e body ” of 11tq\eture wh1ch y1e1ds no. def1n1te ‘bnc]us1on as to " o
%hat is the proper rate_ to Juse in soc1a1 benef1t cost studies. Jenkﬁns
. (149a;b)]e§timated that the soc#a] opportunity cost of. pubFic funds was
9.5 per-cent fer Canada during the period 1965, to 196%. Thig giscount R
5 rate was construeted as a wei@hteq anra%e of the rates of returh from &jl

‘investment in’ the private sectors which would give up funds to finance a ("'¥

<

pub11c project plus a we1qhted average of the rates of time preYerence (;7-

for consumpt1on 1ﬁ/the sectors wh1ch would forego cousumpt1on to release

- &

resources for a publxg project. ‘Inlth1s-study, we use a range be;ween 5

¢ . o
. four and ten per cent per xeér, which brackets the rates used iri most °

N ' . ) . Lo ; . ..
* cost-benefit studies as well as the rate estimated by Jenkins.‘7a
. . - ° . ‘ . . i.
[} =J,= < - ..

, . :
B.1 Benefits of Railway Relocation Compared with“Status Quo

¢ * ©

» 1.1 Savings in Road Travel Time and R o —Q i
Vehicle Operating: Expenses o e
> (af Ex:st1ng}road re11 conf?zcts _ B IR ]
€ As can be seen in F1qure ., the existing-railway network 1n .

London is such that most of the marn roads 1ntersect with the railway

lines. At present, there are more than 50 railway level cr0§s1ngs within s

"the city. Conflict beﬁheen vehicle and rail ‘traffic is unevoidpb1e at

. - . v . s © : o2
thes€ crossings: ‘ : . “ ) .

<

One resu]t of aT] the proposed ra!]way relocation_schemes -is -that

a

some or most of the 1eve1 cross1ngs will be e13m1nated Unden the CNR

scheme:(F1gure 1V.3) the existing CPR 11nes within the ci%y would be .
< ’ . " ’ - . ‘.c

w

2 2
7alt may. be noted that the rate estimated by Jenkfns is a nominal

rate. We regard this rate as a high estimate of the Yeal rate of 7

discount. d ‘ o

~




. " 2 ‘,‘ .
)
removed and a]L Cﬁh traffic would be conso]1dated onto the'ENR Dundas-

Strathroy route wh1ch has doub]e tnpcks Also the CPR main yard would be
re]ocated‘outs1de the city and the CNR yard would be re]ocated to the,
southeast corner of Lgndon In adggt1on 6 new grade. separat1ons would".
be cohstructed a]ong the D as-Strathroy line. A]together 14 level
crossings w1th1n—ehe c1tyf:Z§1d be removed, and train traffic wou]d be

xﬁduced at,others. However, because of the conso]1dat1on of the . CPR

traffic, 1eve1 crossings a]ong the Dundas-Strathfoy line which are to
- . - ’ " .
remain afte® the-relocation woo]d.e;perience increased train traffic.
’ PN 0 . = o ‘ ’
‘Under> the Southern and Complete Remdval schemes, both the main

-

1ihe and the yards would be relocated outside the city, and grade separ-
“ . N & p R

Ter -

.ations would be cpnstructe;/gtzall majoﬁ highwéy—rai]way intersections

/

along -the m&in line at thefnew site; Hence conflicts between vehicle
and rail traffic can be expected to be minimai, at least -at present.

" Vehicular delays caused by hewel crossings within the city would be-
greatly reduced. v o L

L
4

* oIn what follows we present the est1mates of savings in travel time

J
and vehlcle operating expenses as a resu]t of the remaval of .level cross- .

ihgs and the changes in rail tdaffic for the three relocation schemes.. .

(b) Estimated savings in rdad travel time .
and vehicle operating expenses:

e . L] [
Ir Chapter “ILI we have identified various sources of savings 1n

road travel time (H 1 2, H3, H4, HS’ Hé) and vehicle operating )
expenses (G, GZ‘ Gy, G4, Gg) whe;g' : S o

. H] = annual sav1nqs in vehicle hours w1thout undergoing the N

o deceleration and 1d1ing processes at 1evel crossings due

-~
»

"+ to the.presence of trains;




1 e

e .
PV

LN

)

i

1ndustr1es_iﬂd’ggfma;or change 1n truck t

. -
? DECE Lo s

H, = annual savingé in‘Veoigle<hours without undergoinq*the '

acce]erat1on process {back to normaT Speed) after beiﬁq

stopped by tra1ns at a 1eve1 cros$4nq,
Hy = annual savings in: veh1c1e Hours™ w1thout underqoing the

s1owdown speed change cycTe-at,]eVe].grossiﬁbs in the. .
- - e : . » N N . > IS
< \f‘absence'of trainsy - .
\ ’ . 2 o,
HagﬁfaqaﬂhuaT savings in vehicle hours 'due to chahqes in

N e -

congestlon resu]ting from changes in truck traffic inm

B

" the. urban ared (likely to be neqatﬂve)

+ .
L

H5 s -annual sav1nos in veh1c1e hours For not leaying home
H6 = annua1 sav1ngs in. veh:d]e hours due to: changed routes,
.or1q1ns, ‘or dest1nat1ons’, y :,'= -
¢ S - T : T : -

The G 's are the. counterparts of the H 's "in terms of‘savings 1n veh1c1e

-~ } . -

operat1ng expensés

Due to 1ack of data we do not 1ntend to est1mate H4, H5, HS’

-

-I-IG4 and GG S1nce H4 and G4 are 11ke1y to be negat1ve, the failure to

measure Hys Ga "and HS’ 6 6 (wh1ch are” p051t1ve) may part1a11y

cancel However, H4

and Southern schemes,because ra11 serv1ce:a§_reta1ned to most Tocal

these two schemes, the faidure ta 1nc1ude estlmates for HS"HG'jnd Gb

would g1ve a downward b1as to xhe‘est1mate of agqregate savings in road

-

travel time and vehnc]e-operating‘gxpenses.

-

.

For the Compfete Removaf»scheme H and G' epu1d be qu1te - R

Ak

anch4 are not 11kely to be signif1cant for the’ CNR.

ffic s expected. ‘Hence for

* { /’)( -»

Lo s1qn1f1cant and it is d1ff1cdgt to determ1ne in wh1ch d1rect1on our - /’3}<
, | ‘ o ;
T . ) Y » ‘ ' ) 4 //



<
°

- results would be biased. : : - , -

a

In Appendix C we show in 32ta14 hou H}, H2, H3, G1, G2 ?nd.G3

T are measured. The estimated-annual savings. in travel time and vefiicle
o dperating expenses for the three relocation schemes are suhmarizedoiﬁ ,
Tables IV.3 and IV.4. B ) : Lo

.z
(=4

A;Lvndlcated in Chapters TI‘and IIIe the sav1ngs 1n travel time'
.and veh1c1e operating expensds (as we11 as. other benef1ts) shou]d be LY

calculated on a !'net" basis, i.e., savings at-old na11way s1te Tess .

 costs at new sita. Since the new“rai]way'sites under the three reloca- .

. -

tion. schemes are Ml1n1y farm1and and all tbe hlghway—ra11way q;0551nqs
~at the new s1te would be qrade separated the increase if trave1 time
- and veh1c1e operat1ng expenses at the -new s1te “would be neg]ig1b}e .

. . : St
.and hence wou]d be ignored. : o g _ 0

(c) ‘The', dotlar valye of savings in ‘travel time

- )

It is difficult to assidn a dollar value fb thezfna;eT tinéosaued

Y
> kel

due to tﬁe lack of. know1edge in th1s area. In A&‘—nd1x B we dlSCUSS sohe
of. the theoretical and emp1r1ca] find1ngs with respect to the value of

. time. Ig seems that the valde of travel‘t1me depends on a Jarge number !

©

of factors such as the socro econom1c character1st1cs of the travel]er -
(age, sex, 1ncome), purpose of tr1p (worklng, recreat1on school), and “ il
- form of t1me Saved (1n veh1c1e waikinq, waiting), as we11 as the s1ze of.
' ‘t1me sav1ngs However most of the- emp1r1cal stud1es doqf to date dea] .

with the value-of commut1ng ttme wh1ch has "been fouad to range anywhere 1

between 20 per cent and 50 per- cent of wage rates. Findings with respect

R ]

Lo 3her var1ab1es{e;g’scarce and the resu?ts cannot be app1ied with
. ’i;jiggﬁee. ; . . . .
T ) ’ - , >
5 Oo > .,".




TABLE IV.3 -

. _AnnuaJ'Savi%gs'in Travel Time (Manqpphrs) \

‘Trayél Tihe (Man<Ho ‘Southérn

Complete

L

1%

Passenger Car and Transit Users 79,958 . - 80,196

Commercial Vehicle Usets S 12,280

7 109,448

-+

' Ly ° -
16,739

a ©

s

.




C T+ TTABLE Va4 S

T ”Annua] Savings in Travel Time. and "
) . Veﬁ1c1e Operating Expenses :
Value of ) . , ‘ 5
) . Travel. Time CNR . . Southern  Complete
. tper man-hoyr) -
Travet Time (§) s BEE B "; e .

Passenger Car -and ) n e e o
‘Transit Users 2 82 .M * . 555971 ' 56,137 . 76,614

a N 1 1 . r

) . . 1.25 99,947 156,245 138,810
1.80 143,924 144,353 197,006

< -—

=l

.
) o Y

Commercial Vehicle T .
Users % 5.00 .. 61,400 62,625 83 69&

- . [} . © <

N ¢ e S 4

-~

Veh1c1e Opgna%rig T ;\\" -
Eeqses’($) o C 93,495 . 79 609 7 170,4D4

Y L 4 - “«

oe
9 &

I s
M - .

e,




. *9 8
' In light of ‘the drff1cu1t1es in ass1gnﬁng a proper do]lar value to,
the trave1 time saved we sha]l perform some sensitivity ana]ys1s
_Accord1ng to Stat1st1cs Chnada the hourly wage rate - in 1972 for a
compos1te 1ndustr1a1 worker8 in London was approx1mate1y $3. 60 Should :

<
the value of travel t1me range between 20 per cent and 50 per cent of

‘ the average wage\rate, the,value of trave] time would range - v L.l
between 3:72 and $1.80 per man hour 4n Lendon. fhe fact that much travel’ -
"is not te uork and is by children wéy]d probably mean the htgh.va]ue, ;
i.e., $1.80 per man hour, would have ‘to be adjusted downwahd Hence
e .we shall assume the value of traVel time for passenger car and pub11c .
| transit users to be $ 70, $} 25, or $1 80 per man hour. The value of -

u

traveT time for commetc1a1 veh101e users s assumed to equa] $5.00 per -

man hour. 9 ',ﬂ S ” ¢ oL -

2, * N

<

- e

/Jw~m% To. the extent that the vaiue of trave1 t1ne*1s related to the

2

real wage rate and that the 1atter 1ncreases over tvme the value of

travel t1me should 1ncrease as .well. However no study has attempted g

N

to determ1ne|the trend ef the value of time. In Abpendlx B, we make some-rc

est1mates of the sav1ngs in traVel time under the three re]écat1on schemes

" based on. t‘he assumpt& that the trend of the value of trgve1 time is ’

;ﬁ. equa] to that of the real _wage rate in anada ’

@

8rnclude both houh]y rated and salaried workers., -

A -

The value of travel t1me is assumed to: equal the 3verage wage.,

rate of truck drivers. Data on wage rates of trutk drivers were . |

.. obtained from the.Ontario Trucking Association. The aveiage hourly ¢
earn1ngs for transportat1on and ¢communications industrie$ was around
$4 2 in 1972 exciud1ng fr1nge benef1ts See Stat1st1cs Canada (178)

t 2 . °

TR




& (d) Savings in road travel time and¢ vehicle RS
operdting expenses . RN

&

-~ . -

Tables IV.3 to IV.5 show the estimated values of travel time and
. veh1cle operating expenses saved per’ year for the three relbcat1on

schemes ' Two po1nts~peed to be noted in Table V.4, First, the sav1ng

©

. in véhicle Operat1ﬁg expenses is h1gh compared ‘with savfng ln trave]
t1me ’ Th1s i ma1n1y because (a) the number of cars slowed down® due to
presence of tracks far exceeds the numper of cars actua11y stopped or

. sTowed down due to tra1ns at railway cross1ngs, and ¢b) the extra t1me

cost’ (g1ven the va1ues of time assumed above) 1s less tgan the extra

veh1c1e operat1ng expenses incurred in speed changes at ra11w§y

[

crossings. Second; .even though the sav1ng in travel time 16 gréater

3

for the‘SOuthern scheme tban for the CNR scheme,:the savings in vehicle

o

. operating expenses is smaller for the former than for the latter . This

o &

d1vergence is due to the’ fact-that the CNR scheme wou]d resu]t in Ny

fewer motor veﬁ*c]es be1nq s1owed down at the ra11way crossings than

> the Southern scheme. . -

<

The est1mated sav1ngs presented in Tables IV 3 to IV, 5 are‘for a

L)

sing]e year. Since these .are recurrent benefits 1t is‘necessacy to find

]

.

their present discounted values. The est1mated sav1ngs 1n travel time’

and vehigle operat1ng expenses over tlme under va?1ous assumptlons are

presented in Table IV.6. | . .
It can be seenvin Table IV.6 that'thearange-of the estimated
sav1ngs in travel t1me and. vehicle operating expenses is very W1de
This is to be expecte :nce a high d1scount rate combined with a short
project 11fe will y1ejdi>esu1ts very different from a low discount rate 4

° . combined with .a Tong proaect Tlife.

- . s




. . "'..“.‘.’ Ty h . ’ o ‘
. R TABLE Iv.5
S " -Afnual Savings in Travel Time and Vehicle
N . 'a Operating Expenses ($) with Different
) : T e Values of Travel Time Assumed

. ‘ »
@ . ‘ i. Re1oca}ion Schemes
- 4 . CNR 'Sc‘)uthern Complete
P .
oA 211,000 198,000 - 331,000
i N . -t )
t - : '
; B | 255,000¢ . ° 242,000 391,000
T, o | 299,000 " 287,000 451,000
% ' ..
L s I

-~ <

Notes: The value of travel time {per man hour) assumed for

, passenger car and transit users are $.70, $1.25, and $1.80
. respectively undér A, B, C. The value of travel time for
o ‘commercial users is assumed to be $5.00 in each case.

o
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2" 4
i -

.
b - L * 9
- ’

‘;"ﬁ,w‘ L (e) Assumpt1ons wb1ch may bﬂas the results E . ~ ‘ Eh
e - LN ' = Toem
‘ ;3_ i In the process of ca1cu1at1ng the- savwngs in travef t1me and "
' vehfc]g dperat1ng expenses, some assumpt1ons have had to be made mainly ‘.,.

i >

because of’the 1acu of data. - These assumpt1ons could bﬁag Qur results

one way or ¢he other ket us first note the assumptions whwch would

: h‘. . ' "i T . . K ’ ’ * * 4
bias the est1mate§ ‘upwards. SR RN 5 . Lot

. - :., : .

(1) Perfect]y 1ne1ast1c demand fbr urban travel.

We have 1nd1cated above that th1§ assumgt1on would lead to -

I

overest1mat1on The extent of overest1mat19n may be as thh as 10

per cent of ‘the savangs estimated. L . &\x‘ ( 5 ot
N, T ’ ' .4
) (2) Conversian of vehicle hours into man hours. T
In c;nvert1ng vehicle ‘hours 1nto man hours we make.no al]owance l’i
for the fact that some of the people are'éhi]dren If we consider only Y
persans 15 years or older, then the average number of people wou]d be -
lowered to 1.1 for the pr1vate car and 12 for the pub]]c bus. "This ' ;
would reduce our estrmates of savings in travel cost byclo to 13 T
per cent. W‘ . , . X
(3). Subsequent land use at eliminated 1e9é1 crbssings. o | '
For the eliminated level trossings, we assumed‘ihat no traffic i
light or stoplsiqn woufd be erected. 1If some of the railway' ‘ ) v
105 “ ' . S

The guessed figure is based on the followina reason1ng As can
be seer ‘in-Figgre I111.1-3nd I11.2, the perfectly inelastic assumption -
results in overes%‘mat1on only during the rush hours. In London, rush
hour traffic amounts® to 20% of the daily total (Margison and Associates
(153)), Supposé*fhe increase in travel cost during the rush hours 1is .

. 50% (which is uplikely), then we could have overestimated the savings .
.. iw travel time and vehicle operating expenses by }(0%, i.e., 50% x 20%. ]




r1ghts of-way were used for tnahSpoftat1on purposes, we wou1d have

'overestlmated the savings. & ”ﬂg?f Ny

LI

(4) Increase in congestlon due to ?ncfeased truck traff1c
‘u.!-
> Under the Complete scheme, truck traﬁf1c in the urban area could
increase, and th1s would resu]t in more congest1on, Ne have not allowed

for such an 1ncrease in our calculation and henEe our estimdates may be

biased upward. | S
. s .

- c
= Now let us turn to assumptions which probably lead to a downward-

‘,pias of the estimates.

(1) Egclusiqn of Hs; He s Gél .

Due- to the lack of_data we are unable to estimate these. For
illustrative purpese§, let us suppoée that-there are gOO‘peop1e in-
London who spend 5 extra minutes @ain to follow ]onger routes_or depant
early to avoid being late if they are caughtlﬂ’tra1ns at level

-
crossings. We calcu]ated that _the extra trave1 cost 1ncurred could be

5 per cent of the savings estimated. .

(2) No a1lowance for pedestr1ans and cyclists
Th1s wou1d b1as our resu]ts but probably not to any significant

extent

(3) As we have 1nd1cated in Chapter III (footn%;e 7), the
formu]as for calcu]at1ng H] and H2 ignore any- delays 1mposed on vehicles
‘wh1ch slow down but do not stop as a re%y]t of the c1os1ng of the
crossing. A]so, the formulas do not take into account deﬂays caused
°when backed-up traff1c b1ocks nearby s1de streets, dr1Veuays, etc.

< . - R TR
However, this bias is probably very small except during rush hours.

v




Balancing the above factors it seems to us that we'are more

) Tikely to haVe'an upward rather than a downward bias in our estimates of

savings in travel time and vehicle operatiné expenses.
& ’ ' {r

>

ol 2 Net~benef1t of generated travel

-

We do not est1mate this item of the benef1ts due to the lack of

,data.’ It is 1ikely to be positive but sma]]. Qur. guess is that 1t would

be 1ess than 5 per cznt &f the saV1ngs in trave] time and vehicle

operat1ng expenses. !

-

e -

-~

1.3 Reduction in accident rates

(;) Accideets at road-rail crossings

' "Every yedr people are killed and injured and properfy is damaged
in acc1dents at railway-highway crossings. Dur#ng the 1958-19}2 period,
there were 671 fatal acc1dents, 2,404 non-fatal injury acc1dents, and

3,831 property damage.only (PDO) ¥tcidents at railway-highway cross1ngs
- “ N -’ q' . '0

~ . . 4

11

Let us assume the following:

/

'Re&uction'in travel cost ] Elasticity of -
asva resylt of railway - démand for
, relocation . urban travel
“(a) . 259 2 .3 )
(b) © 50% 5 .

[

Then the met benefit of generated travel would be:

t

(a)  25% x (25%)(.3)/2
(b) | 50% x (50%)(.5)/2

1% .

6% g

. Case (b) is likely to be the upper limit.
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in Ontario (Table IV.7). The;numper‘of railway-highway grossing -
accidents in London Quring the 1969-1974 periodgks shown in Table IV.8.

- In Table IV.9 we show the Tevél crossings in London at which more than
three accidents/héve occur;ed from 1969 to the beginning of 1975. ‘Most'
of these cfos;ings have activg protectionsAiE'thekfpnm of flasﬁing lights
and bell. B . B

It can be expected that the number of abéidents would be reduced
under all three proposed relocation schemes due to tﬁe e]iﬁination of

~ level crossings énd the reduction of train traffic or the construction
§f gra&e sepa}ations. Before we estimate the reduction in the number of

__—accidents, it is necessary to estimate the number of accidents which '

would ogccur under the status quo.
s

-«

In Chapter II, we proposed a road-rail crossing accidenf

function whjch, if estimated, could be used for prediction purposes. We
- . ) / ‘ :
are unable to estimate such a function because ofN\the lack of-sufficient

data. A1l we can do is to perform some simple projections based on the

past data on ra11way-h1ghway crossing acc1dents in Ontario (Tab]e V 7).

- ?

and Canada (Table IV.10). We.assume that the growth rate of railway

créésing accident5~}n London will] be 0, lféﬁé 2 per centyper annum. We
. use the)average number of accidents pereyear fQ{ the 1969-74 per1od

instead of thd‘humber of aCC1dents in 1972 as the basis for prOJect1on

because the former is probably a better estimate than’ the 1atter.

£

. To calculate the reduction in the nufhber of accidents for each

of the raf]way relocation schefes we aS§umé that the Compiete Removal
s¢heme would eliminate-all accidents and tbat the reduct1on fn road-

" rail crossing accidehts by the CNR andeouthern schemes: would,be
< \ -

b

a }



T, |
. TABLE IV.7 .

Road-rail Crossina Acc{dents in Ontario

' (1958-1972) | a : .
o .
. : ;' ' | Types of.Accidents
. rear Fatal Noa;;i%?1 ) D;;zifzﬁﬁy
: v v (PDO) rS
1\ (" . a < = -
: A 1972 47 291 « 523
' 19712 38 o 251 . 380
I 1970 P 154 . © 194 |
S| 1ees 43 136 R 23 ’
. 1968 34 139 236
1967 53 142 . 222
; 1966 41- 147 263 "
) 1965 | . 44 131 217
1964 -. ‘38 138 196
1963 53 ) 150 225
1962 49 132" “ 219
’ 1961 42 130 178.
1960 49 129 239
- 1959 50 144 ° 289
1958 . 587 140 256
Average 15 157 255~ |-
. — -
Source: Motor Vehicle Traffic Acc1dents, Statistics Canada,
Cata1oque 53-20§\ufar1ous years
thésf (a) There is no reason given for the large increase in
non-fatal “injury and PDO accidents 1in 1971-72. J
N ’ ' ‘ ’~ -
. U
- %




TABLE IV.8 e *

o

Road-rail Crossing Accidents, in London
(1969-1974) “

A1

407

" Types of Accidents
Year No. ) ’ X ; 5roperty
Fatal? Nonifatal Damage Only
< - -~ Injury ¢ (PDO) ~
' -
AR
1974 » 19 - 3 5 15
” - o
1973 17 ® 1 6 14
1972 177 37" 7 . 9
197 10 0 8 ~_ 5
1970 | s 0- 2 2
1969 15 3 oL 7 7
L ] & ' .
Average | 13.67 1.67 ., 6.00 ‘ 8.67
; X y 3
- E .

Source: Canadian Transport Commission, unpublished data.

Notes:

{(a). These columns refer

+ .

»or injured.

-
[

to the number of people killed




- ’ \3
N - 3 10 8 N
N - .TABLE 1V.9 ) S
; . - - .
Number of Accidents at Selected - o o
. Level Crossings in Lendon o T :
{1969 - Feb: 1975) i~ "
a ‘ 2N b No. of .
Y . . . R ) - o s
Cr‘osg;n}g.,_‘ S Protection Accidents 0
(39) Clarke'Side Road "~ F.L. §B.. a4
(42) First Street’ © o F.L. &B.. -4
(6) Egerto’ Street . F.L. &B.© C 7 ‘ oA -
| (25) Horton Street - ¢ LR.C.S. A 2
(29) South Street: LR.CLS. . 5
(13) Clarke Side Road _  F.L. & B. 4
" (18) Dundas Street . ' /) F.L. & B.f - 7 :
(19) Highbury. Avenue , F.L: &8. . 9 L
. . r . v ’
Sour Canadian Transport Commission, unpublished Hata ’ -
Notes: (a \Numbers in’ bmckets are crossing numbérs used in N '\
. Tabte C.1 in }ppendng C. o Y .
(b) .F.L. & B. = Flashing Ligfts & Bell
“'R.€.S. . = Reﬂector12ed crossing s1qps . -
.(c) Before 1971 the protectmn at this chssmq was - -
", wmanned gates , -
- 0—‘ - ~
‘ v
) - M o
h)
1;' ’ '
. * ~ : .» ! °
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Source:

3

Railway Transport Part 1, Staf‘lstics Canada, Catalogue 52- 207.

: var1ﬁus years,
)

* Notes:

= Killed
I ﬂinj'ured

s

”

T

~~ = y »
’ 109
s @ : s
4 39 o ~ .
Ed ’ ' l ’ ’& 9
3 N TAB'E IV.10-
i o Persoas Killéd and anure.d in Accidents
‘ R " at Roan- Ré’ﬂ Crossings, t’.arfada A
t i § °
| Pedestrians Ri‘dﬁing in Motor Yehitles® Other Tgtai No.{of
- 3 . . 1 - ersons - .
" Year Urban " Rura} Urban Rural Vehicles Urbzn Areq‘
¢ T e ~ i 0 —X
Lo« I |- K 1)k A K. L K -1 [ S O
Vo - . . ) N .
M < . s . ¢
19770 W 6 4. - 3| 38 200" /8 202 | % 7 a8 207
97 |- 5 .5 | 2 T 38 %9 58 45 1 . W | a3 23%-
1970 5 ., .4 -2 x| 36 03 56 126 -3 4 . 41 207
1969. 5. 7 2 1 ]-.66..265 | .34 9] 3 2. n 2k -
1968 KR 3 1 - 69 ° 302 3% . 999 Y SN 2 , 18 305
1967§ S8 8 1 - | 76- 208 | 75 00 |. 1 3784 306
" ~1966 15: 12 4. - - 119" 355 a9 " 103 ¢ 2 3 134 367
1965 4 gl 2 1 |- 86 340 ° 53 86 .3 & 90 .348
1964 57 g .2 2°1. 59, 259 .78 .+ 160 1. 2 64 267 °
1963 3 6 2 -7l L80- " 221 92  -2%6. 6, 4 | 46 226 |.
. 1962 6 - 5 .Y 44 175 99 175 ° ‘- 2 50 175 .
1961 ° ? . 4 =4 3 " 49 181 - 79 168 1 27 54 185
1960 } .- 9 3 < -q. 62 208 |, 46 _ 110 42 80 73 277 F
1959 9 5 -2 1 54 201 83 .7 162 26 79 - 63 206 .
1958 6 4 | 1 3 3% 112 ] 123 153 - 2| a2 Mne.
1957 4 8 . 5 4 |- 44 140 124 23 1 - } 48 148
1956 7- 7 5 3 1 53 200 123 237", .2 .. 1! 60 208
1955 9 . 7’ 1 - 47 170 99 . =190 -, = - 56 177
1954 T ©.7 2 °3 3 - y92 | 106 259 . 1> 13 41 199
1953 3 8- "3 - .48 157 10 259 2 - 16 51 165,
1952 | 9 | 6 3 2| 48 356 | 121 262,| -3 -8 [ 57 - 162
1951 - 5. . b S 62 200 124 241° 1. - 30 67 204
1950 9 . ) 5 4 41 232 76" 189 8 19 50 . 240 .
1949 4 A4, 4 3 - %4. 206 . 83 231 -1 ° 5 4 /. 48 214 -
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* ‘: /,_v\;‘ ~°
C .:k/’f:}he costsrof rbadariﬁﬂ eross1n9 accidents Q_h_se Qu1te 2 number of =

Q

o

o

.z

. tg

der1ved resu1ts wh1ch can ‘be apaJ1ed°

° - . -t 0

2 e L.

proportlonaT to the annuai vehlcle hours saved o

S1nce tbe new s1tes Gf ta11way fac1]1t1es for ¢he three re]qcat1on
schemes are ma1nly farml;nd and al] new hﬂghway ra1lWay crossrggs wdufd

be grade separated “we assume that the 1ncrease in- accidents at the new

<
¢

s1tes s n11 “;; A R o ;j‘ﬂ L -

]
? < P ) -
g . n - o o

. -
/ ° - I

(b}, Va1uat1qn of a£c1dent Fﬁduct1on ’

In Chapter III 1sCussed sevénal approaohestto acc1dent cost
13

'evaiuat1on. The conceptua11y‘sdund aqproach 19 Unfortunateky very Cee

demand1ng in data requ1rements and n0«s¢udy doﬁe a1ong th]S 11ne has .
13.

Thus we haVe to tufg to the

resu]ts of more~"c0nyent1ona1" approaches R v
Q

KR Iohthe best of our knowfedge, na study has attempted {0 determine

> Tl o

aec1dents 14« The essence-of aTi these stuﬂﬁesoft tp detenmine ex Eos

L cosfs assocfated w1th veh1cie accidénts, foavexamp1e, pﬁbperty damage,

treatment bf 1n1ur1e$, loss of u@e of’veh1c1e value of t1mg ]ost.slegaﬁ

5 - S,

. oand'court costs, and value of cutput lost étc; T%e est1mates of these

€0

. .
studles téhd to vary becaﬂse of different costs 1nc1uded or exc1udéd._c__

e
. ‘ ‘ e = ) co- & ) - -° =
. e 7 - o - ! R “ -
- R I L - - . LR -
ERNR . - 3. - “
P N > ., - -
Py N . El .. e . T Ve, o
o WO e “ =
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12Only A, and H, are 1nc]uded in. the eaLcu1a€1on H is probab]x

- ot relévant. The aunqa] {§p1c1e hourg.saved for the- three‘relocatmon,
schemes are shownaﬁn Table T.3 in Append1x C..

. 23
a . - @ 4
“

]3Acst y by Michae? Jones—Lee,(73) attehpted to determihe the b
value of Tife’ follgwing this approach. ~Howevers orfly hypothetlcal data
were used and the resu1ts canhot he app11ed here. -
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! See,Apfamsaﬁ (67) and the stud1e§abiﬁed«;he?ejnubf"] o T
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studaes haVe been done howeVer to déterm1ne the COStS’Of mctor veh1c1e o
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N . The variat1on’tends to. be the _greatest in the case of fatal ace1dents, Tel

due to the 51fferent assumpt1ons made with reSpect to=the 1nc1u51on ; D%n‘

a @

. s - or exc1us1on of future income of the deceased the d1scount rate and

°

the t1me hor1zon useg Table JV 11 shows,some of the resq1ts of these

) < °

- stud1es The North Amer1can stud1es*made no attempt to est1mate the ': .
s vdol1ar va]ue of pa1n and‘sufferingﬂassociated with veh1c1e acc1dents; ce

-The United Kingdom study'1hc1uded an arb1trary amount of money to take-

a

REZ B —
care of pa1n and suffer1ng. The figures in the tab1e‘do not" jnciuge

2
17

thws ambunt however . - L o S K
LA s “e & £ T

-

. It s d1ff1cu1t fo choose among these est1mates Hénce- e

present a range of est1mates based on’ the h1ghest and tbe Lowest . s

< estlmated osts of each tategory of acc1dent as shown in TabTe V.11,
¢ ;,

'f '- It mu's t be emphasized aga1n that these ane ex post. econom1c(cost§
‘ assoc1ated with accidents end they may not bear any re1at1onsh1p to the

- .amount wh1ch the soc1ety is w11}ﬂng to pay for the reduction of these
’ he . s, A.’L ) o

S acc1dents R - P
« ° ’ -

v

‘We apply. the fo11ow1ng formuTa to get the présent dﬁscoﬂhted

‘Na1ue of a reduct1on in rgad- raJ1 cross1ng acc1dents

o3, : .
o . o - -

: - . 3 5 e . T e ®
' " - ° t"] - PR
P , N z Ci 1] (1 + i)’ “ ° ‘ s, .-
e - . i=1 . °f T, w2 . ) )
_' z - t 1 * “ - o, y i 2,
> e “ t=1 Ne +r) ‘ N ol T
"% - where «Aif = nh@oér‘of tybe°1 road-rajl jccidentsoin yeardl; . "o
S C{ = cost per type i- road-ra11 accidents, - ) . e
,' ’ ' ' ~ ° / ¥ P o ’
ca g; = annyal growth rate. of type i road- rail accidents, o
' i ° » - 8 ¢ ! '
. o g o .d



TABLE .1 - o,

N.S.C.
1.1.1

‘- M0.7

.“’a

(U.S.A.)
(U.S.A.) .
Ontario (Canada)

(U.K.)

+ 54,752

2

50,675,

3,264 462
-3,000 600
128,384

2,010 > 200

12,162 o 822 248

-y

& ¥
. k ] . -
8- Est1mated Costs of Motor Vehicle ACC1dents . 0 ¢
s by Type (doHars)a - o “oe .
- a‘ ’ . -
9 Estimated ¢ost per Accident ° . .
"1 Name of Study 7 Y Y i ) T
; o ’ _Non-fatal .
-, | Fatatl. TInjury : .PDOq
I]]inotsg(U.S.A‘)' - 10,837 2,081 - 239
Texas (U.S,A) 52,864 2,019 1382
'Socwetal (U,S.A. Yo 247,328 11,796 527

Sources P
J
R
R

-‘Notes: (a)
SRR 19
(c)

¢ \
Abramson, KLD Associates, Inc. (6%) ¢
A, Cassils (71) - o0 .
Winfrey .(183) "‘ : .
F. F..Dawson‘(72)

e

Lanln o 1 [
Al costs are. updated to 1972 .dollar values us1ng ‘the
consumer price 1ndex for each’ c0untry

The discount rate used was 6 per cent in this study, in
alil other studijes’, 4 per cent 'was used.

In the original study, the value of non-discountéd 16§t
output was $231, 00@

&

P




K : 1
o ! . . 3 .
’ . r = discount rate; :
VS( / . ] ‘,"A
N = project life in years.

3 . .
| The egpﬁmated presentyQaiUes of reductions in accidents'foru
the‘threé relocation schemes under different assumptions are shohn in
Table IV.12. ‘
From Table IV.12, it can be seep that the h1ghest estimate is
.approxlmate1y 100 t1melehe lowest est1mate in each case. Th15.1§'ma1n1y
‘,due to the fact that a low discount rate is comb1ned w1th a high growth
?ate of future ra11;ay cross1ng acc1deats in one case and a ;{:h d1scount
* rate comb1ned with a zero growth rate qf accidents 1n the other. vaen
the values of other parame;ers, estimates bdsed oni"h1gh" cost per
;ccident is apofoximate1y\2f times that based on "low" cost per accident.
The difference between the “Tow" and ?mjddie" estimates are much smaller
than those between the "midd¥&* and "high" estimates.
So far we have’not mentioned reduced ddmage to loeomot1ves and ‘,
"ro1ling stock, eté. as a result of reduced ecc1dents “We cannot-estimate -
These benefits separately doe to lack of daia° However .we believe that

. they are 1ncorporated, at least in bart, in the est1mates presented above.

] o

1:4 Land released for redevelopment

: ~

"As can be seen in Figures IV.3, 1v.4, andIIV.Svaboye, the-
existing rai]ways-occupy sqyre of:the pc;me Tand in ‘the urbao a%ea, Part
or all of thlS land is expected to be released for other uses under the
proposed relocat1on schemes. As we have discussed 1n Chapter III, it
1s ‘not an easy task to mea;ure the value of the released land. The h

«
[ I

-»market price, which turns out to be the onTy pract1ca1 t001 may not

73n~,/
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give an acpurate indication p?'the true social va]ue~ot the re1eased;
land.  In addition, in practice we usua]]y,do.not even have reliable
v - .land price data.‘-This ts becaGse there‘haye net been many transaetions
~in vacant land except at'the periphery of the city. As a resuft, an
average land price often has to be used. _ ' |
. Accord1ng to estimates made in LUTS by DeLeuw Cather (34), the
amount of railway land re]eased for other uses by the CNR and _
Southern schemes would be 395 and 455 acres respect1ve1y. The value ot.
the released land was estimated'to be‘$5.5 million and $5.8 million

respect1ve1y for the two schemes 15 | . N\ : e R

It seems to us that LUTS has underestimated the-value of the'
,re]eased land because the est1mated va]ues include the va]ue of freight
shed and yard areas on1y No va]ue is ass1gned to most of “the ra11way
right§- of—way he1eased In Append1x D we discuss these estimates in
more deta11 ‘Also we attempt to estab11sh ‘the upper bound for the va]ue'
v of the released 1and by a551gning a do]]ar va]ue to all the released

- - rights- of-way As a result, we arrive at the fo]low1ng estimated values -

($ million) of land released under the. three schemes

s

R Southern Comg1ete -

Low | 5,50 . . 5.80 580 - .
 Middle . = 6.72 "~ 8.03 . 8.76 .
] High 7.93  10.26 B | O 2 TR
I3 N ”
‘ . LU
T 7

VSpeLeuw Cather (¥, pp. 152, 158. R )
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1.5 Improvement of areas abutting o $‘.'
. railway faci]ities iy '
(a) Hhat would be est1mated ' ‘ )

Under(alT three proposed relocation schemes, some or most of the

exist1ng-ra11way tracks wou1d be removed from the yrban area and 3s 2

result we could expéct SOme reduction,{n railway Jair, noise, and “
nvisual“'po11ution.f In this section we estimate the value of theé.
enyironmenta] improvement .in areas abutting railway facilities fofiowing
ra;]way re]ocation. Let us be clear about what 1s included in and .
“excluded from our eStimates.
AFirst, we shall be°concerned with residential areas ohly..~The
T remova] of the railway is likely to“confer environmental benefitéﬁon‘
institutions, offices ‘and commercial stores in'the surrounding ereas as’
well. However, due to lack of data ue cannot esttmate these benéfite
VIWe‘sxpect these benef1ts to, be positive but relat1ve1y small compared
- with those conferred-on res1dent1a1 propert1es Compared with thf number
of res1dent1a1 propert1es the number of 1nst1tut10ns offices and,indus-
tries 1ocated near raw]ways in London is small. In add1t10n mos! people
stay in. their working ptaces only 8 hours auday and 5 days a Week216
Nevertheless, exclusion of these benefits would meen:thet the estimated
value of removal of‘rai1way externalities would be biased downward,
Second we consider the r951dent1a1 areas with removed trafks
only. Under the CNR and Southern schemes , there are sections of ra11way

-

lines which would remain, but w1th reduced rail traffic, after relocation

T t

16The number of peop1e per property cou]d be h1gher than thaf*in
residential areas, however. ’ .
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-

we do not egtimate the benef1ts which could possibly arise due to
" reduced train volumes. On thge other hand we also do not consider the

possible increase in railway exterﬁa1ﬁtfes along the Dundas-Strathroy

- ‘

© corridor due to increased rail traffic under the CNR scheme. Iﬁe main .
reason for not cons1der1ng the env1ronmenta1 1mpact to a changeliﬁ
rail traffic is that we real]y do- not know what allowances should be |
made for these possible benef1ts or ~costs .. The, empirice1 evidence
: wh1ch we have tends to suggest that it is the presence of railways *
rather than the volume of rail trafflc that is cap1ta11zed 1n property

values. (See the d1scuss;on 1n subsection (c) below and Append/x E.)

A\

Th1rd, we do not consider the possible adverse environmental

1mpacts at the new location of the railway.’ This exc]usion is unlike1y

© to affect aur estimates s1gn1f1cant1y since the new S1te is maTnly

farmland. 7 o ' - <

Foufth, we assume that the .subsequent use of the land released .
& B -~ N
from railway relocation will be compatible with the existing uses in
- the neighbourhoed If this assgppt1on is vroTated our estimate ‘of the

<

value of environmental 1mprovement as a resu]t of railway re]ocatﬂon

would be b1ased upward, . . f :

(b) Methodology . . oo T
As discussed 1n'Chapti;-ii3, we intend to measure the value of
removal of‘ra{1Way e;ternali 85 via differences in property quues._

Our dbprbach’is to estimate a property price equation andgto use the

, .

17Th15 does not mean that railways do not impose externa11ttes on

" farmland.




s

. effect of railways on property prices to dgrive estimates of gains.
It may 'be worthwhi]é to_emphasize at this point that we dao not
‘consider gains or losses of propertyﬁva]ueS‘ger se as aggregate consump-.

tion benefits o% costs of railway relocation. Rather, we take the

b4

differences in property value as a measure of railway externay .— As
a result of railway re]ocat1on, part or all of these externa11t1es m1ght
be eliminated. This represents a real gain to soc1e;y regardless of how (
,property pr1ces behave after railway relocat1on :

In the f0110w1ng two subsections we exam1ne the effect of railway
externalities on residential’ sa]e 6}1ces and estimate the gains to
society from reducti§n in railway nuisance under each of the thj'reec
relocation.schgmeé proposed. -

1

L]

(4]

(c) Effects of railway externalities on the
price of residential properties

Railway exte?na]ities-tend to deérease with distance from the
e

railway. -~ Hence, 1f they are cap1ta11zed 1nto property va]ues, propert1es

located nearer to the ra11way should sell at_a lower price than s1m11ar~

[a

properties located farther away from the railway.. This is the main

T \\ - N * L,
hypothesis we wish'to test. A second hypothesis 1s‘Qh§E other things

being equal, property sale prices tend to vary 1nverse1y°with the

" volume of rail traffic. To test these hypotheses, we collected real
estate sales data in different areas in the City of tondon. A detailed
discussion of the daéa and'samp1e-a§ well as 9ur.regressidn model is D

" contained in Appendix'ﬁ.‘ Here we shall examine the empirical results
(I L ) > &

éelated to»theSe hypotﬁeses; ‘ . g .

1 3

Our main conc1u51on is that the” empir1ca1 ev1dence tends to

support the first hypothes1s but not the second. In other words rai]way

[
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2 - -

externaﬁities in general are capitalized into residential property
values and a house. Tocated neprer to the railway ténds to command a
tower sale price than a simi1ar poyse located farther away from the
track (the estimatga discount in sale prices at different distanpes
from the railway can be seen in Table IV.13). HoweVer; the volume of
railway traffic seems to have no significant effect on residential

1
property sale prices.

(2
s

Ig.seems rather incredible th;t people would be indiffereht : =
between, say, a 5ocat%on near a railway that parries 20 frafns per day
pnd a comparable location near a railway;that carries 5’trains per q6y~
This is not nece%sarxly the 1mp11cat1on of our result. Rathér, it is
conceivable that buyers-in general may not bothervto find out exactly
how many trains pass a property. After all, train VO]yme can change
over time. Héﬁce, it could be people's ignorance and uncertginty
concerning the rolume of rail traffic that rendgrs this variap1e |
1ns1gn1f1cant in determ1n4ng property sa]es ! | ]
‘We also find that the effect of ra}Tway externa11t1es on! property
“y va]ues~tenn1natesu about 800 to 900 feet from therra11way. ‘This means
that houses located 10 to. 15 lots away from thearaiﬁway wouid probably 5
_not sell at a discount becaufe of the.railway. ;
In addition, we %ind that the dollar discount in the sale price;
of a residential property for being-]pcafed hear'p railway increaseg
:over time as property'prices increase. —
 Now ]et’us state some qua]if%cations %0 the above findings. Thé
Above resu11i are based on a samp]e wh1ch consists mainly of s1ng]e fami]y

detpched homes. It is not clear whether they WOu1d apply to high-rise

_ apartments as.well. 'The d1FTerenpe in physical structure and also in
b . T . B




] » .
- s f 120
. A Lo
ownership {owner versus tenants)]8 could mean that some of our
: . U
conclusions would not hold for high-rise apartmqpts.19
% The estimated discount in residential sale price is meant to hold

on average and th; actual discount in the sale price of a spécific
« Property could be guitg different from this average figure.20
Due to the limitations of datg we probably have not succeeded in . -
isolating the'éffects of some+Other factors on property sale prices.
Hence, the distance from ré}jway variable may pick uﬁ the effect of soﬁe
corre]atédjvariab]es which are nof included in the regression equation,
'sﬁth'as housing quality. It is conceivable that people who' da not care
about ra11way externalities also do not care about the qua11ty of their
homes (1nter1or and exterior), so the houses near railways may be of
systematical}x Tower quality. On the othervhand, people near railways
may have a greater incentivé to Ho'landgcaéing to- cut, down an-iailway
: externalities, so properties neaF‘?3f1ways have sxstematica11y better' ) .

landscaping {hedges, trees). In the first case, .the estimated value of ‘

.the coefficient of the railway variabple would be biased upward, and in

[2

the second case, the bias would be in the other direction. The first ’
case appears to be more plausible to us. ..
4
18

Because of the short-term nature of afartment 1iving, people may.
care less for railway externalit{ies. Hence it may not be fruitful trying
to" déeétect railway externalities by.looking for differences in apartment
rents. Condominium;sale prices could be a much better indicator. -°~ |
However, this form of ownership was still not populdr in London - -during

' the per1od under consideration. ) . 3

)( .
: 19For examp1e the conclusion with respect to the d1stance where
railway externa11t1es‘tenn1nate o
. 4 n .
20Both of the railway var1ab1es are not s1gn1f1cant in one area.
See Appendix E.

.
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(d) .Estimation of the value of environmental .
improvement . ‘ : -

. -

* To estimate the aggregate social benefits from the removal of

railway externalities we employ the following function:

o

[‘ F(x,) glx,) dx,

1

xi=0 ) . .

i

where f(xi)zre1ates‘discuunt in dollars per property to distancg,frém

railway (xi) and g(xi) shows the number of properties'at each distanee-
i
.greater than %, then the intggration can_be carried out from zero to .

(xi) from the relevant railway tracks. If f???) becomes zerg for x

In practice we work with discrete rather than continuous

functions. The actual function which .we use is”the following: Co

where o
. : D )
SB = dollar value of social benefits from the removal of
rai]wax externalities as measured by the discount in.
propert& values; . \. ,
d(xi) = gverage discount-in doltars in property value betwegn
. .f . 100xi and 100(x;:1) feet from the railway;
. quij = number of propérties between 100x, and 100(xi-1)‘feet -
) from the railway. B -

-
.

Y s v

The empirical relationship between propefty sale price (P) and ’

-

. o ’ » “f

- - s Vi A7

Fir et us turn to the discount in property value at various distances
] from the railway. ' - - ' .

S
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' pe%i’knalitiesﬂon property value terminates about 800 to 900 feefifrom-

-diétance (ih 100 feet) from the raitway track is found to be: ;-
RS ) 7x-354x2 o e s
’ Equatﬂon (b)- 1n Tabje E.32 . /

-~

. ¢ ~ X < B ”

‘;gased on the above re]at1onsh1p. co1umn (2) of Tab1e IV 3 shdhs the .

1hcrease in property value 1n do]1ars as the same house Hs located
b4

:farther and farther.from the ralTway. The effect of rdilway

[~

the track according to this re]ationshipe Compar1ng two s1m11ar

propert1es, one w1th1n 100 feet of the track, and the other over 800 - .

. feet away from the track, shows that %%e Tatter tends to se11 for
'$2,16] more than the former. In other words; the drsoount of the .
house located within 100 feet of; the railway is $2,161. Column (3) of
Table IV 13 gives the d1scount in do}lars of property value at varwous
distances from the ra11way _g‘ .:f, ' n
Frof the land use maps of London, we counted -the apprOxlmate
'number of propertwes in each joo foot 1ntervq1 from the ra11way The
umber of propert1es at each dlstance is shown in Tab1e IV, 14 To find
SB—for each of . the re1ocatqon ‘schemes ,- we mu1t1p1y column (}) of -
Tabge IV 13 by cotumns (), (4), and (6) respect1vely of Table‘IVﬂ14,~

: The value (m1111ohs of do]]ars) of env1ronmental fmprovement as -

- measured. by the d1scount in property valnes for the three relocation

dschemes are est1mated to be as fol]ows : . L
e - - 3 ) ) . R . - ‘\
©  CNR- 7 Southern - ' Complete
48 . 202, T L3:60
A} ® I
LN s y &
, T ;
:rf , L - " ]
RS B

g ‘ N ‘
YA . . -
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-0

The above estimate takes: into consideration developed residential

properties only He have not considered futuré-detrimental effects of

l

ex1st1ng ra11ways on res1dent1a1 propert1es which have not yet been

\ deve]oped Thxs omission is particularly swgn1fﬁcan¢ for certdin parts ‘

o

of the c1ty (e g., northwest, south) where 1ands are des1gnated as
res1dent1a1 but have not been developed It can be argued that by
‘putt1ng up sound barr1ers and apprppr1ate Tandscap1ng, ra11way exter-
nalities can be m1n1m1zed in these areas. However, extra costs would® @ ]
be- lncurred The remova] of the ra11way would render these out1ays o
‘unnecessary and hence reoresents a- ga1n It is essentia] therefore,
that some estimates of the:future gains on present1y unfeve]opéd land
be inc'luded. “ c. : ' o

-

¢ ]

In the northwest corner-of the c1€y there. are approx1mate1y 400
acres residential land within 900 feet of ra11wey&tracks ASSumJngr;:$S§.
25 per.cent of the land‘ylllzbe used for roeds, etc.;.3001acré¥fcan é?”

- used to bu11d'hoLses.zJ"The‘avereoe lot size‘of,enistino oropertfes in"
this area #s 9 000 squaré feet. 'howeveﬁ there;isha tendency{for new °
'*1ots to be closer to 6,000 square feet Assoming the future bronerties
in th1s.area have an- average Iot s1ze of 6, 000 -square feet approx1m?te1y

,2 200 propert1es may be affected by the ra11ways -We do not know when_ *
\ s s Ve . . ,"".: T A

. - ' Lt .
€ . - > ‘ ,
/ -7 A}
Y R

Taking the city as a who]e approx1mate1y one third of the ]and

21

" .is devoted to resjdential use (LUTS Working papers). .. However; for

areas which are designated as residential, it .seems reasonab]e to assurie™
that 75 per cent of the land would be used as .lots. Examination of
several new subdivisions indicates the above assumption 1s reasonable




~ the. three railway relocation schemes will be:

- . -

these properties would be d’eve]oped.‘?2 "Qur ca]culation‘wfjl'be based

on the assumption that they would be:déveloped at~a{unfform~raté oveflu..
23 Fyrthermore, we suppose that the prbpértiés will . .

- T ° ? . H * " ~
be evenly located within 900 feet on both sides af the tracks. Given.

the next 20 years,

these assumptions, the discounted value ($ millien) of the rveduction in

rai]Way exterha]ities.on properties ‘which have'notlbéen developed for ’
124

-

4,

Discount Rate () . . - CNR _ Southern .  Complete
; 7 - BEE———

4 .90 1.32 1.32
7 - 72 ,1.05 1.05 -
o T .60 . .87 .87 .

) € ‘. . e
s - a
~ .

" The total.benefits ($/million) frbm'the—}eﬁova] of railway

.éxtérnalftiésfqﬁ deve]oged and unde§e1oped'fesidentiél'properties are

" showg in Table IV.15: <« = | - :

In Table IV.16 we sulmarize the facf;isgthét mq){g;as_the above:

»

[ estimates ih one direction or angther.. We may also Aghtion'tﬁaf we have

assumed -adverse environmental effects at the new railway sites are nil.

-
3~ ° . -
o

22

.‘0 In the 1971 Off1c1a1 Plan of Condon, saome of the 1and in this

area-would be developed in stage I {before 1981) and others. in stage II
(after 1981). However, conversation with persons in “the Planning

.Department of the. City of London raises uncerta1nty regarding the £1ﬂnng .

S

of development of this area.

'
P

23If the tota] number of uhdeveloped propert1es is N, .then N/ZO
prdpertnes are assumed to be developed per year for the next 20 years.

»
!

) 24These estlmates incTude undeve1oped propert1es in other parts of
the c1ty as, weI] ) -’




4

> Benefits: from the Removal of
Railway Externalities

($ mi]lion)

TABLE IV.15°

&

A

Discount
Rate
%

Scheme

P

-

CNR

Southern

“Complete

2.38

2.20

2.08

3.34

3,01 4

2.39

2

4.92
4.65 .

4.47
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-

\
It seems more likely that our estimates of benefifs would be over

rather than uqder biased.

° |
e
B s

B.2 .Costs of Railway Relocation Compared with Status Quo

2.1 Cepjtalzcosts

7

Table IV:J%’presents some capital cost estimates of the Southern
and the CNR relocation schemes made by LUTSl We aie not in a position
to construct these gosts.ourseives since the estimatjon of these costs
falls largely withdn the sphere‘of'civil‘engineerind., Houever, we stilt
want to know whethepnﬁsejl estimates.are reesonably accurate.

. Our first consideration is whether all the physica1vunits, e.g.,
cubic yards of earth to be excavated, m11es of tracks to be- 1aid, squane
feet of bu11d1ngs to be constructed have been measured accurately
'Since we were not involved in-the measyrement -of these units, we will
have to take the measurements of LUTS as accurate. )

Our second consideration is whether the un1t pr1ces used to
arrive at the capital costs are reasonable. Table IV. 18 prov1des a
-compar1son of some of the un1t prices used by LUTS and those suggested
by the u.s. Department of Transportation (42). Most of LUTS' unit
brices fail within theﬁ]ow-hiéu ranoe suggested by the U.S. study, In
most cases‘thé unit prices used by LUTS are closer'to the low end of
the range. Since the unit prices of the U.S. study are.1973 prices and

25

those of LUTS, are 1972 pr1ces, allowing for inflation. would br1ng mo t

of the unit prices of LUTS to the medlum est1mates of the U.S. study.

-

‘

25Actua11y the prices of the U.S. study are in January 1974 prices
and those of LUTS, January-February 1973 prices. - Also nqote that the U.S.
estxmates are in U S. dollars and the LUTS est1mates “in Canadlan doWlars,




TABLE IV.17

.Capital Costs of Relocation
($ million)

- Cost Item ’ . ‘ Southern Comp]etea

New Work-

Main tracks

Signals

Railway bridges

Yards & sidings

_Buildings

'Grade separations .
Property

Engineering & cont1ngenc1es

Removing old tracks, fittings
and structures.less credit
for possible salvage

Total capital costs. 29.84

‘ " . ’ .
Source: Deleuw Cather (34), Table 9.4,

Notes: (a) As can be seen in Figures ‘1V.4 and IV.5, the Complete
. scheme is almost identical to the Southern scheme except
-  that more tracks within-the City would be removed. -t
Hence the capital cost of the Complete scheme should be
- greater -than that of the Southern scheme. ,
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In order to establish a canfid@hce. interval for the capital estimates
Qe employ some of the extreme -unit prices suggested by the U.S. study,
and derive' the folldwing cost estimates for the three relocation

schemes.26

It is likely that actual. cost Qoqld fall between the medium

7 L and high values rether than the TOQ and medium values«tn each cese'éince
a number. o&itnit prices used to derive the low estimates’apbear to be too °
lgw. The cap1ta1 cost of the comp]ete scheme would be greater than that

of the Southern scheme because more tracks have to be removed under the

former. - e ) ~
. ' . v
CNR - Southern Complete
-‘ Low ., 19.56 30.36 > 30.36
Medium 28.43 42.97 >42.97
High 45.15 68.78 . > 68.78

¢

vOur third consideration is whether the Costs have been measured
. : correct1r, withoet omission or double coueting.v Cﬁeckingfageinst tﬁe‘
¢ list presented in Chgpter II1, we find that most of the costs have been °
~included. However, the land cdst for new railway and xards is‘tre market
'va]ue of land.and not the capitalized reeta].vaque of land over a
finite time peried. Since the land cost is & relatively sma]) item, tt
does'hotlaffect the total cabital costs e;timated to any significant \

extent. D o

LY
26The high unit prices of engine house anq_cut to fill suggested

by the U.S. study.are respectively $10 million and $7.0/cu.yard. These
prices seemtoo high for London. Wé change them to $1.5 million and
. $4.5/cu. syard respectively. .

- [




IO T
As one might expect LUTS has, not made adjustments for possible

savings in rep]acemen; costs. HWe havé~4nd1cated in Chapter 111 how .
L 2

these savings may oe conceptually measured. In order to measure these
savings @e.have to know the service life expectancy of all railway
facilities and the age of-existing facilities. _In addicion, information'
on deprec1at1on and salvage value is. also required. 91nce such data are
not available to us, all we can do-is td make some s1mp11fy1ng assump-
t1ons in order to arrive at "ouess t1mates" of such savings. - These

assumot1ons toqether with our ctalcuTations are shown in Append1x F.
t

/In Table IV 19 we present some results of our sens1t1v1ty analysis

‘.

based on var1ous assumptwns. From these resu1ts Ave reach the foHowmg
, 1

4 ’ A i

conclusions. Given the .service 1i expectancy of railway fac111t1e§ and
the projecttlife assumed, the savings jn‘rep1acement costs are small if
the existing railway facilities are ‘new and/6r if 'the, discount rate is

high. Conversely, if the exiktingtfaci]ities’are old and/or the

”~ ¢

discount rate. is low, there can be considerable savings in.replacement -

4

cost. . ) ‘ ' C P R

If the estimated replacement cost savings were deducted thenj
' : 27

S

the capital costs of the relocation échemes w0u1d'be'the foi1oﬂing:

- AY

¢
1 R 2

27 The low, medtum h1qh values se1ected from Tab]e IV.19 are as
follows: . '
. : ' CNR ' §outggrn,- - Complete -
) - © * o
Low . = ., 1.92 & 4.03 4.03
Mediup - . ° 2.89 o 6.18 6.18
High 4.78 . .88 0 9.88
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4

+  Low

Medium
High

'

Since not all  of the capital costs wou]d'be.iﬁCurred within the

first year of a relocation project, we should discount those costs which

~

CNR Southern

17.64 26.33
- 25.54 36.48

40.37 . 58.90

]

s 4

. Complete
> 26.33

> 36.48
> 58.90

a

would occur after the first year and find their present discqunted va}ué.

Figure IV.6‘i]1ustréfés the per cent of project comp]etion versus sper cent

of expenditure.

Based on the hypothetical expendwture path shown in

Figure IV.6 we ca]cu]ate the present discounted costs of- the relocation

@

projects uhder d\fferent assumpt10ns w1th respect to the per1od of

., 2.2 Railway operating costs

constrdttion. These dre shown below. 28
.per cén$. ' -
’ ENR - - A,:~» Southern
| ' ‘3 yrs 5. yrs | ff 3.yrs 5 yrs . .
Low \38.64" 17.61 N 25.93 27.33 >
Medium 27.09 -25.59 40.95 38.69 >
High - 43.03 . .40.65 "~ 65.54  61.92 >:
.t . . i bl .
Y

The dlscount rate used is 7

COmE]eig

3 yrs 5 yrs
28.93  27.37
40.95 38.69
65.54

61.92

FL

In Mable IV.20 we p'reseht' the ﬁimates of changes ip rai_]ro'ad-.

ope%ating'costs under the various relocation séhemes.,made by LUTS.

As in the case. of cap]tq] costs, we have to take LYTS' nea5ure~

men;s«of physical units {(e.g., track m11es, number of switch ass1gnments)

]

28

s

N

-~

=

(=N

_ These time per1ods refer to actual construction t1me and do not
- /Zinclude the planning perjod that goes before actual construction.

#

3
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* ¢ ‘ | 187
. - - R ) ;
i ' s l
. e ~ TABLE 1V.20-
- E ~¢ﬁan‘ge 1'_n_ .AnnuaLA Operatin_cr/ Costs : )
<o - {$loon) D
N ’ . . : ) /.
. s . . .
A /
1 ‘ CNR S.outtfern ."Complete"
2 - g e ’
- . ¢ @ a2 . ‘ N
_Rdilway Changes .- i ) . .
: | Te through rail traffic | * 3 420, - S
N ‘. . - ‘ v T
. Switching and yard eperations” =200 . -6Q
H . Lo ‘ . | . L i ¢
‘ Track maintenénce <25 o~ . 20 - /4
b B N
_,__/ : . [ . oy ) . . -
: _Other Changes - Soo ‘ ;- \
’ " Maintenance of grade separa- - ’ _—
tions and at gs#de crossing |. 145 .90 '
) ' ot . , -
Y ) Indystrial handling - = =~ | 5 C5
Total Change .. . =60 - . 475 . %475
i sl \l (
L - - A R
. Source: .Deleuw -Cather (34), Table 9.5.
3 ) X > " ‘ f - .
» 4
N .~ ) § . - . <
" ! ~ ‘.
i . . v D b
. , ‘ *
. " & = R ' 7 1._
1\.\ - A - . . - ‘
' __S i - S ",
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W - b
]) - for qrapted Ne are able to check some of the ma1n unit pr1ces used by
LUTS against.those of the u.s. study, Excépt for ma1ntenance cost. of.

V' main track, other items o€ costs.dre within the range provided by the

) S Tatter (see Tabﬁe IV~21) ‘ However in check1ng whether most of the

‘i‘ .changes 1n operat1na costs have been 1nc1uded we found that the est]mates e

e

of LUTS. are based on very 11m1ted ra11way onerat1on data
As can be seen in Table IV 22, the costs cons1dered by UTS
include the'f011ow1ng ton-m11e t1me ma1n track ma1ntenance,

sw1tch1ng, qate house operat1on and maﬁntenance of crossinqs Other

changes im. operat1ng costs have been 1qnored ‘For examp]e, LUTS assumes o

N
e ' “.
LA

it _that the qeometr1cs of new ra11wa¥ 11nes are equa] or better than the

-existing 11nes and yet- no a11ow&nce is made for the change 1n grad1ent : ;

and curvatdre'in”its estimates. :Chanqe in'termina1-costs-other.than

'switchiné is, not copggridered. Better desion and more modern faci1ities'

Pand structures wou1d probably 1mprove?teruﬁna1 onerat1ng eff1c1ency and

‘hence reduce costs Other changes-in operat1ng cost due to 3hange in, : a“'

thedules, fre1ght car renta1 and ownershlp, etc’ - are also not - C .
’ consrdered ’ W1th respect to track ma1ntenance costs, nothlng is. B
' a1lowed for the change 1n ma1ptenance cost for yard and s1d1ng tracks,

and furthermore no account 1s‘g1ven for the d1fference 1n ma1nta1n1ng '

L]

:o1d and new tracks or fac111t1es. Such features as new welded rail

. : /) concrete ti 3 compacted earthwork,’ prestressed concrete br1dges etc.,

) necessar11y (e i ea new ba515 for est1mat1on “Many of the e]ements of

;ma1ntenance w111 not occur -for. 20 or 30 years because of. 1mproved

.

design. - X ; S .
/}ff’z,1§, Under .the CNR scheme, CP traﬁns will be using the CN’corridOr. |
“One ﬁquﬂd expect some savings din track'maintenance arnd other railway

Y

.
1
L
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bpegating costs as a'resulp of conSof%dation. Hdwevér, this ts not
considered by Lﬁfs. If it were not for‘the reduction of six gate house
operators, thé cénso]i&ation of the two lines would increase the total
operating costs in LUTS. Under the Souphern scheme, all through trains
will by-pass the congestid part ofithe city and consjderaﬁ]e'increase:in
sﬁeed will resu1;.‘ It appears that LUTS has not included a sufficient
g]Towance‘for(this 1hcreése‘1n train speéd. |

Since Most of the above ment1oned thanges -tend to reduce railway

: operat1ng costs, the1r exc]us1on by LUTS would mean that the reduction

e

in operat1ng costs under the CNR scheme is underestImated and the .
increase in operat1ng costs under the Southern s;heme is o erest1mated
. .(’Tk\attempt to der1ve some cost estwmgtes fo110w1nq ‘the methodo]ogy
developed’ by the U.S.. study.' A breakdown of these co§ts is qiyen in. - TR
Table IV.23. It is interesting to coﬁpare these ‘results withdthose of -
LUTS. wjth the Ufg, approach, the CNR scheme wou1d~resu1t‘in"mofe
§avings~and“ihe Southern scheme would resul; in a smaller increase in
operating costs. However, we -are hot in a positién to claim Ehat the
eétimates made here are superior to those\qf LUTS since the former are
also based on very timited railway operating dafa. In'addi;ion,‘ th
sets’of estimates are base& on a "di;agéreéated differentdal” apgigach,
By thjs we’Tgan that total operating cost changes are assumeq to be the
- sum 6f operating cost changes in each subdivision or secéion of the .

railway. However, it may be more appropraate to estimate the changes in

operat1ng costs on a total network bas1s, since a1l the parts are - .

-
-

closely 1nterre1ated What should be compared is the operating costs of - - . &,
_' the o]d network wifth those of the new network as a who1e and not mere1y —

the margina1 changes associated with fhe increase or’decrease of a few

P

)
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-
- . o
TABLE Iv.23
o Change in Annual Railway Operating Costs
Under the CNR and Southern Schemes
Operating Costs CNR Southern
- Train delay or running time eost | ' $ -70,000 $ -58,000
Route'lgggth or distance cost:

Train operating 136,000 647-,000
Track’ maintenance 31,000 78,000
Yard track - 12,000 12000
Switching® 12,000 175,000
"Grade .crossing maintenance cost ~ 126,000 " 51,000
.Speed reduction cost -¥3,000 - -419,750
Gate house operation cost® -234,000 -234,000
Industrial handling? 5,000 5,000
95,000 257,000

-~
T

Notes: (a) - Estimated by DeLéuw Cather (34). .

«
4
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miles of track,'etc; In short, the ideal would be a detailed railway 1 i3 02

cost s1mu1at1on mode] Unfortunately, such a model is not available
! : .
to us. ‘ | " . .

- ©
L ]

Due to the lack of sufficient railway operation data, the change

in annual railway operatfng costs_($) aiven below must be regarded as

hidly tentative:2> L )
® ' 7 I . . ﬁ . ) .
.. . CNR Southern Complete .
o~ o ngh . - 60,000 475,000 > 475,000
. - . Med1um < - 95,000 257,000 2" 257,000
‘ Low : - 130,000 - 40,000 > 40,000
, Table IV.24 gives ,the discounted va]de.of these.annuél changes in

oberating costs over different t%me horizons Qith different discount
rates. These estimates are based oh the assumpfion that ‘the. annual
changes would be constant over the relevant per1od of t1me It is.quite
T1ke1y that this assumptton is too simplistic because some of the :

resulting changes, e.g., maintenance costs, of some rgi]way fac111t1es -

z end structures, tend te~vary with time and train t . fic. However, due
- o
29The "Tow" est1mate of the CNR scheme is. calculated as follows:
. C(x + 60,000)/2 = 95,000 -
B A | ~ x '=.130,000 ST -

The "low" estimate of the Southern scheme is calculated as follows:

\

(y + 475,000)/2 = 257,000' © - ‘
y = 39,000

The Complete scheme resemb1es the Southern scheme, and the change 1n ,
annual operating costs is assumed to be equal or greater than that of o
-the Southern scheme .

'
T e




TABLE 1V.24 ’

Present Discounted Value of Changes in
~ Railway Operating Costs

(millions of dollars)

ChR

Southern. * °

*50

50

04 -1.28
74 -.82

y.ss/ -.59 °

-2.04
-1.31

:.94
s
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. to thé>cbmp1ex nature of raiiway operating costs and lack of data, we

o

cannot do muclhr else. . ‘ .

L]

3

2.3 Transportation and relocation costs for . ‘
railway users . . S

P

A

(a) Railway passengers

There are two qnoubs of users that w111 be affected, namely,

-

) »

passengers and industries. Under the ENR shceme, the existing passenger
terminal would be retained and hence there would be no change in
_ passenger travel costs. Under the Southern and Complete Removal

schemes, a new passenger terminal would have to be built somewhere

g -

" outside the city in ;he southeast direction. Since the majority of the

population would Tive *morth of the new station, it is likely that

passender travel costs would increase.

To estimate these increases'in passenger travel cost we make the

e

1“-ﬂﬂ16wing_assumptions. (a) The ‘new passenger terminal would be located

approximapg]y‘thrée miles sdufh o? the éxisting terminal. This is
/ rough]y(the distance from the existing términql tg the gity boun&ary at
the south. - (b) Half of the pa;sengers embarking or disembarkiﬁg at
the termiﬁa] would experience a net increase in tr;vej time -and vehicle
. operating_ expenses as.a result of relocation of the férmina].'cThis
| éssumﬁt3on seems reasonable given the popéiafion distribution pattern in _ ' -

30 -7, o L -

"London. (c) The average speed of vehicles is 20 miles per hour in the

urban area. Given these assumptions we may proceed to calcu]ate‘the .

+ ‘ .
o . 3pThe existing passenger terminal is located near the cefiter of -
the city. ‘Relocation would result in iqcrease of travelling costs for
passengers who Tive north of the axistin term:na] ,
. . - N ] i
® 4 - > . !




- increase in travel time and vehicle operating expenses in the following

’mated that the annual 1ncrease in trave] time would be 37,500 man hours.

‘transit. Unfortunately data on these aspects are not available.

r
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‘manner.

In 1972, approximately 250,006/;assengers emb2rked or d%sembarked

at the termina].il Baséd on assumptions ‘(a), (b), and {t) above we esti-
32

(3

The annual increase 1n trave? time cost wou]d be $26,250 35' 6,875, and

. $67 500 depending on the dollar value of travéT time assumed.

., To estimate the~1ncrease in veh1c1e operat1ng expenses we assume
that 80 per cent of the passenqers‘go to the terminal by private cars .
and the rest by public bus. I} addition we assuﬁe that the nuﬁbgr of
people per vehicle isk1.5 and 20 for the private cdr and pubfic bus.
respektively. With these assumptions the increase in vehic]e'miles‘

per annum is est1mated as fo1lowizjj)

Private Car " Bus

400,000 . 7,500

.

The operating costs per vehicle mile have been estimated to be roughly N

-

31DeLeuw Cather .(34).

3?For a return trip, the sum is ca%eulated as follows:
2 X 125,000 x 3/25 = 30,000. : > , N T

33In the fol10w1ng ca]cu]at1on we have ignored the fact that some
of the existing passemger traffic may choose to travel by a different
mpde, as:a result of station relocation. ATso, it is possible that more
than ‘20 per cept of the passengers going to the train terminal use public

Number of passenger car miles increased: .
(125,000 x .8 : 1. B) x 3 x2 = 400,000 o e,

Number of bis. m11es 1ncreased -
(125,000 x .2 + 20) x 3 x 2 = 7 500.

:




.$.1b and $1\08 for the pr1vate vehicle and public bus respect1ve1y 34

" Thus the annual 1ncrease in veh1c}e operating costs is $47,500. R

L]
Y In Table IV.25 we show the present discountéd Vq1ue of the
. ihcrease in railway passenger tra&e] costs as a reéu]t of relocation of

the passenger terminal. P -
1t may Be)noted that our estimates above consider the inCrease -
of travel costs for.the railway passengers only. We have not,ai1oweo .

for the increase in travel costs of relatives and friends who accompany

the railwa} passenger to the terminal. Thus our estimates are Tikely.

to be on the low side. -

tb) Industries v,
—_——1 . . N »

(43 '

_ Under the CNR and the Southern schemes, only 4 f1rms (w1th total

c

annuq] revenue Ars equal to 22) wou]d lose local serv1ce but- none of
them is expected.to re]ocete | Hence no significant industry reiocat1on'
cost would be -incurred. Under the “Complete“ scheme, however a great
number of firms would be affected Some of them may have to re]ocate,.
thus- incurring re]ocation costs.‘ Tnose which rena1n at the eéxisting '
Toc;tion, may shift from rail tottruck or may continue to use trail by
trucking their qoods to ra11 freiqht term1nals In either case, truck
traff1c is 1likely to increase, résu]+1nq in more congest1on on the
_roads. é

We are unable to estimate the increase in congestion costs due to

_the lack of data. However, we shall attempt to derive some rough -

<
*

34See Dewees (138), pp. 87-90 for automobile operation costs. The
operating cost for public bus is based on trans1t operating stat1st1cs
of the City of London. v ‘




.- TABLE V.25

Increase in Travel Jime and Veh1cle Opgratmg "
) v _Expenses fo Railway Passengers
o , (W‘hons of dollars)
//\ i - ( -. . . /;
R ' Vdlue of . .
’ © Triavel Time Low ' Middle High . .
T, ~Hour, ‘ ‘
'&./‘/ - 11 -
.70 .64 .94 . 1.68
[ 4 < .Q :
- 1.25 .80 1.17 2.08 -
1.80 b5 1.4 2.49 -
> . 5
P Trend in railway passenger traffic assumed
to be zero. o
e
- k3
|
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- est1mates with respect to the increase of 1ndustry re]ocatlon costs
Accord1ng to LUTS, approx1mate1y 100 firmps are served by xaz]ways

in London. However, only 30 f1rms generate more than 100 rail ears
[
annually. We shall assume the maximum number of firms to- re]ocate as

e [

a result of d1scont1nuat1on of rail service -is 30,: It is 1mpp§$1b1e to "+ e

determine the relocation costs for indi?idua] firms ;7caqse of the lack ack "

B

of data. Hence we shall resort-tolsome estimates made bysother studies.
The North Bay study (35) estimated that the 5pt§5 cost of relocating and

bayfng damages to 10 firms was $1.2 million. In the Sault Ste. M;rie

L2

L, study (36), the total cost was estimated to be $2 millien for. Felocating
—_ B qﬁé paying damagee to 10 Pirms. Thus the average cost of relocation and .- Lo

pajinq damages rahges'between $100,000 and $200,000 per firm. The . . .
1 * {
.(} R average cost for London could be h1gher because of larger firms 1nvolved : :

of

-ahd/or higher 1and costs, etc. - Thus we alume that the upper boUnd of
~ . the. average cost for‘re]ocating and paying damages to a fivm is $3D0,000
- *  in London.,» Table®I¥.26 6reseﬁts some-estiﬁa}eﬁ of relocation costs of
“industries under qyf?greqt\assQ@ptions.with regard to the number of

,’ ) : ®. .
firms relocated and the- average cost of relocation per firm. -
. . . 3 P ’ . \
. .

- 2 4" TransportatJon and relocation costs

, - for non-users . . : . y St

“ As mentidned .above, the CNR and Soughern schemes would have
< - minimal impaEt on inaustry "Hence not many‘ehployees of‘indestries
wquld be affected Under the Complete scheme, a number of 1ndustr1es ‘//A,f<

“ may relocate and hence some employees may have to. re]ocate as well.

Sy -

- ,However, since London is not a big city, those affected emp]oyel; may

choose to commute a longer distance to work rather than to relocate. s -
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-~ " Thus the Complete scheme would probably increase the commuting costs of
the employees of industrfes‘WﬁTch have to re]acate. . No estimate is

made for this'ttem of -reTocation costs:

. . , ‘ W ‘ -
’ ' 2.5" Delay in traffic while éonstructio)' .o
. o : is inJIgogress 1\ .- - . ) .
‘L o 5. ' De]ay in traff1c uh1le cpnstruct;on is in proqress app11es to

- all three schemes. The CNR scheme pmqbab]y imposes the least amount of’

‘d1srupt1on to traff1c because it is the smallest project %mong the

.f ’ ;* three. pue to the Tack df appropr1ate data we cannot estimate th1s item -~
. | - . “© ] B ”~ s N ~ “y \
of cost. However, we may make some aSSumptions to derive some'numbers
e ‘ ‘ .
_ for t]?pstrative_purpose JAn, 1972 the total nquer of cars reg1stered
- in ﬁpndon wes 96,000, Suppose one- twent1eth or 4,800 of the cars were
deiayed by an average of 10 m1nutes da11y, then the tota] number of
.vehicle hours de]ayed per year wouTld. be. +28 m1111on If s1m1]ar assémp-
S , tions were‘made w1th respect to the number of people per car, veh1c1e
operat1on expenses and the value of tﬁne as'We did in sect1on B. 1 1 >
o, above, the annua1 travel t1me«and veh1cle operat1on expenses Jncurred
would be $0.6 m1111on 35 SUpoose 1t takes three years to complete the
4 - - . .
. . Bpumber of veh1c1e hours de]ayed per year { / ‘
: . = 4,800 x 1/6 x 313 + 4,800 «x 1/6 X 52 X 8 282,880 -
Man hours delayed per year - . = N ' ] o
=.282,880,x 1.5 = 424,320 . b - L .
Sl - Value o{ travel¥tigk assumes to be $1.25 per.man hour. - SR
' - “Thus value of travel t1me lost per. year is $530,800. - .
S VYehicle operating” expenses of 1dl1ng'and s1ow1ng down s
: . Gas: $¢.35)(.48)(282,880) = $47,523 .
LI oo Other operating costs: o _
o - $(4800 x 313+ 4800 x 52 x 8)( 0011) = $1,872 .
- . Hence the annual 1ncrease in travel’ time: and veh1c1e dperat1ng . -
= HE ' Operatwng expenses is - ]
. % 590 400 + 47, 523 + T ,872) = $580,000 . c

.|
, . .
’ ? ! - - -‘ ! '
. s ' .
. R H M - .
: . B .
'
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project then the cost of time delay to yehitles would be around $1.é
'm1111on I addition to vehicle delay costs, train traffié might also be
de]ayed by oonstruct1on and the pub11c would have . to l1ve with addi-

: tional afr, n01se ‘and visua] po11ut10n dgr1ng ghe construct1on period.

L

L .
~ Mo

‘ . ’ v :
Benefits and Costs'bf”Ggade Separation

/'.

Instead of ra11way re]ocat1on, grade separatlons may be bu11t to

. /

minimize road<rail’ conf11cts Accord1ng to LUTS and the 1966 Traff1c ‘
keport (J54), 19 new and 9 reconstructed:grade separations would-be
warranted within the City -of London by 1985.36 The locations of the

Existing and proﬁosed grade separations are shown in Figure IV.7. In

what follows we attempt to eva]uate the benef1ts and costs of the

-1nd1v1dual grade separat1ons Among the 19 new grade separat1ons, 4 are .

for future roads. we shall exc]ude these 4 from cons1derat1on, s1nce
- 'f, [}
no’ vehicle graffic data are ava11ab1e

. Ct1 _Benefits of’Grade Sepanatioh ﬁompared nfth Status .Quo

1.1 Sav1ngs in road travel t1me and
‘ veh1c1e operat1ng,expenses

—

The estimated present va1ue of ‘the saV1ngs in travel time and
ve h)cTé/gberat1ng explnses as a result of grade separatIOns for each
of the cr0551ngs are shown 1n Table IV 27. These savings are

ca}cu]ated 1n the same manner as before (see section B.1.1 above) he

_treat.phe recohstructions as if they were new grade separations.

. e *® : - ! . ‘

-

s

361£ is not clear why these grade separat{ons are warranted.
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1.2 Net benefit of generated travel 0

For the reconstructed grade separations, generated trave] would

be negiigib1e. For the new grade separations, net benefit of generated

-

travel could be'signfficant [f all level crossinqs were grade separated,
A

the net benefit of generated trave1 for 1nd1v1dua1 cross1ngs would. be '
re]at1ve{y small, due to the 1neTast1c ‘nature of. urban travel. Howeven,
if grade sepanat1on5'were built for only some of the level crossings,

> then considerable traffic may be diverted te these grade separafed
crossings, Unfortumately, we QO-not‘haVe any data on the amount of

diverted traffié due to grade. separation In any case, even if we

assume that the net benef1t of generated travel 1s as h1gh as one-third .

-
-

. of the sav1ngs in travel time and yehicle expenses est1mated the o

results -do not change to any-significant extent.
- ' '

1.3 Reduction in accident rafes' (

Thegfonstruction of grade separations tends qheatly to reduce

37 However, it is&d]ﬁost jmpossible

. &ccidents at road—rqfl crossings,
td der1ve an accurate estimate” for each specific cr0551ng The only o ‘
thing ene can sey w1th conf1gggge is that if most of ‘he level cr0551ngs
" were grade separated, then there would be a signiflcant reduction'in
the number of acc1dents Thus, we have more conf1dence about the
est1mated aa§regate va1ue of reduet1on Jn acc1dents ;f the 24 grade

separations than that of any 1nd1v1dua1 separat1ons Again the same

®

assumptions were made as before (§ect1on B.1.3) in estimating the yalue'

~ A

®

37-Up to 90 per cent. accordin? tc Damas and Sm1th (33) See also

U.S. Department of Transportationh 80) p 28.

=




-r B
of accident reduction. ' . ’
< . 1.4, Reduction in air pollution at level crossings °
" v Grade separations, by speeding up the traffic flow, wourdureduceu
. vehicle emissions at the crossingsf*\We do.not estimate thesé :
» > 4 .
reducpions. - a
/ -
' C.2 Costs of Grade Separation Compared with Status QU™ ' 4
2.1 Capital costs ' . ’
e LUTS'has_estimatéd the capital casts of individual qrade
separations.” These estimates seeﬁ‘reasonable‘combéred with ‘those of )
P * .l ‘ L}
. other studies.38 Appendix G illustrates in detail the varjous‘itémé-of

£

" capital costs of grade séparation eonstruction. -
: oo ‘ R N
It should be noted that. the capital costs of grade separation

of crossings Nb. 15 to No. 24 are reconstruction costs.” If they were

¥
» new grade separations, the capital costs would be at least ohg:third
' ]
. : more.39 ..
{ [ . Iy
i ! 38See fBr example the range of costs suqdésted by the U.S. -
Department of Transportation (42) study in Table IV. 18 above. The range
. used in Damas and Smith (33) 1s as follows: .
: - sb © . $:Million
/ A1l rodls : w4 -7
Arterial =~ 1.3 -1.5 '
’ Collector .8 l_1.0 T | .
mi 39No lahA\Yr property acqu1s1t1on costs woufd be necessary Tn ‘the
N ' case of reconst

uction. The case illustr 2ted in Appendix G shoWs that , -
land and.property costs amount to 3imost Ralf of the total costs. For ‘
- crossings at the outskirts of the.city, land coé% wpnld be lower.

[ s .4
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2.2 Railway operating costs .

o®

As a result of grade separation, railway operating anq'maintenance

costs may change becagse of savings in signal maintenance, reTief from
“certain speed and Ope at g restrlctlons and by the p0551b111ty of
1nsta111ng add1t1ona1 trackage Due to.the lack of data we are .only

40 It

ab]e to .derive some ‘estimates of the change in ma1ntenance costs.
may be argtied that these estimates represent the maximum increase in
ra1lway operatwng costs since the inclusion of ‘other operat1ng costs

would offset soe of the 1ncrease in maintenance costs.

i

2. 3 De]qy 1n traffic while construct1on
© is_1n _progress

\~_/‘1/;; do_not estimate this item due- to the lack of data. 'Hoyevér,-

it is clear that construction work .is a source of nuisance to motorists
s and pedestrians alike..

Benef\ts and Costs of Railway Relocation and-Grade
Separation: Evaluation and Conclusions

In this‘!gttion we bring together the benefits and cests of

. . _ »
railway relocation and grade separation. Because a range of values is

f . X ’r":r‘l‘ Py

. = ,
4oThe annual maintenance cost of a grade. separation is assumed to
be 2% of .its capjtal cost. This figure is used by LUTS. See also U.S.
Department of Transportation (80), p. 28. The annual maintenance cost
of grade crossings assumed fo11ows those suggested by U.S. Department of
Transportat1on (42). They are as follows: -

+ Crossbuck signs $ *410
Wigwags . - $1,150
Flashing lights . $1,500
Gates - . - $2,500
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assumed for some of the parameters many sets-of benefits and costs
V!

cou]d'ge der1vev We shall present the more s1gn1f1cant ones.

Table IV 28 gives a summary of the values of key parameters\used

in tlis study. PThese parameter values are arranged in three sets: "low,"

! ddle,“’?ﬁd "high." As ment1onedtbefore, the fm1dd1e values are the

ones we consider to be thé most1y 11ke1y The set of "ltow" parameter

’ va]ues 1s unfavoyrable to the projects in the sense that it combines 1ow

estimates ‘of -bénefits with a high Bstimate of capital costs. The set of

N . . R R ‘~
-"high" parameter values is favourable to the prajects in the sense that

. I3 - , .
it &dmbines high estimates of benefits with a low estimate of capital
costs. ' q - ' o . .

.-

In Table 1V.29 we show. the estimated- benefits and costs of the

. three re]ocat1on schemes and the grade separation. altérnaeawe based on

the three sets of parameter va]ues given in Tabld IV.28. It'can be seen

’

" that under both the "Tow" and "niddle" sets of parameters, none of the

projects is justified on the basis of aggregate net benefits. With the’
.a . ~ . - v
set of . high"sparameter valles, alT.three relocation schemes osi-

At

tive returns. The net benefit is largest in the case of the CNR Acheme.

-

The grade- separat1on a1ternat1ve "however, rema1ns a marg1€i) project

-

- even under this set of favourab]e assumpt1ons : v

.

" These results are most sensitive to the discount rate and unit

L4

capital costs used. We mentioned earlier that Jenkins (149a,b) estimated

.that the social .opportunity cpst of public funds was approximately ten

hd -

per cent per-year for Canada.

If thi® rate is used along w1th the other "low™or "midd]e" K

, 7

parameter values, no proposed project appears to be worthwhile. If the

" -same discount rate weré used with the "high" values of other parameters,

N -r ,

~ . .
! .

- ’ ' . 153
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o - | * 160
\ TABLE IV.28 | '
Range of Parameter Values Assumed
: J
. ¥alues
Parameters - -
IILowIl ‘IIM.iddlell IlHighll
(1Y Dollar value of travel time
* (per man hour)
(a) Passenger and-transit
users .70 1.25 1.80
7 (b) Commercial vehicle users 5.00 5.00 5.00
(2) Cost (%) per FaiTway
crossing accident . o :
(a) Fatal 10,800 55,000 | 262,500
(b) Non-fatal 820 3,000 -11,800
(c) PDO /}oo : 350 | 600
(3) Project life (years)
q
(a) Railway relocation 30 50 » W0
/ (b) Grade separation 30 50 50°
(4) Discount rate, “
% per annum 10 -7 4
(5) Trend in rail traff1c, :
% per annum 0 0 0
(6) Trend in motor traffic, ”
% per annum 1 2 3
(7) Trend in-‘railway accidents,
% per annum 0] 1 2
"(8) Trend in value of travel ‘
time, % per annum? 0 0 0
» . .
~49})_ Unit costs of~¢apital High Middle Low

Notes:

-

»

(a) Estimates based on the aésumptioh that the value of travel
time grows at the same rate as the real wage rate are
shown in Append1x B.




B

*Kluo s4abuassey an

» UOL3RD0|3)Y

.mcopuugoamm uvm;m pajonajsuoaau (| vcu M3U vp 30 mwm—mccu e) :s3j0N
. - g \ .
+22°02 | +06°99< +06° 99 ey | 5150) L LT
4+ + + + _ssauboud up S} uOIIINUISUOD A LyM 244403 U} hcm»o. 8.
0 . " g- 0 - , S43SN-UOU JO $3SOD UOFIVIO(a4 pue mawwuwwoamzoup nvu
0. vo“ S A 0 : omuowz Aem|lea jo m»&ou :o*pwua_w¢ v:w,cm_uuu»oamcogp Mu
2L o8 ge 2L - w o « . 51500 m,,_:_z&o Lemppey %
og'gl |, 88w - e8'99° 66 €Y * 53500 jeardey by
mmw.w N +E6°EL ) +6°01 +%6°6 L B Sitjouag |w30) 4
) : L . : : 5
0 it 68°¢ 80°2 ) S2434 1400y Apmiied Bui3inge seaue jO juawaAcudw] g
0 08°§ 08'S - , ow.m ) : u:m&mo_oswvww Lo»‘uwwcw—mg puel em
9L° £z 02" ‘81 , ‘u . , mmum; upmt»wum.cw uoy3onpay g
+ + , + v o : CILYE vmumgmcmo 30 3140u3q 33y g
0£°2 E £b°¢ ©§0°2 mP.N . mhmcoaxw.mc_uu;aac 3|OLYsA pue aw(] 13AR4} peod Uy sbupaeg _m
comm“memm 913{dwo)  ud4dYINoS. UND - | 1503 pue $3150u0g

IS

)

>

A mwag_.Hmw :3O|m:.v

B | ,

(2¢61 ‘s4e[fop wotf|tlw ut)
avmcmu ‘ucpuo up uojjededss apedy pue coppmuc_mm Aem|iey J0 S350) pur S3{jauag

B62°A1 318Y1




r

)

N

‘supjieaedas apesb Rajonusucaau gy v:n m3U i, 40.53945u0) :.W 1S3ION

. B

.a\!!l-v

as

- *ALyo suebyassed (g

+88°1¢ +06° Lb< +06° 1y +€2°12- . $3s0) ~3o.w 2
. + D oa + + . $sauboud uy sy .:o_u.u?..«.mcou m_..Ez 134027 U} x&.aa mu
0 4 0 = 0 *° 549SN-UDU SO SISOD UOJIVIOL{U PUR uo}3e3a0dsur) - v,
_ 0 (it (t 0 ) qS49sn Aempied 30 S3500 :o.SSoPE pue uojjejsodsues) €1
T 80°E S € b5 € 1€ - . . S $3502 m:ﬁ.m.”,.mno Aemprey %°
0881 6L 9 < 6L 9E v$°62 o , sis0 te3rdey 1y
-~ . . ¢
+.0°9 +lv 22 +lLL 5 +QL°6l N ] wuwumdwm lejol ‘g .
0 . 69t o £ 02°2 mwwu.ZEE »mz..:.m.‘,_ mﬁqu.m seaue JQ- Ao du] mm
o | €0 29, Jusudo(anapas 1oy paseaiar Prey Vg
821 28,1 9¢-¢ 9t | _ i sa3ed JU3PLIIL UL UOLIdNP3Y €q
+ + . + - + . . [3AR4Z paje4BUAD 49 F140uaQ N %
6L b v L 8b Y Sty sasuadxa m:.zm._oao,w—uzm.‘, pue wE.S ..w>fw peod ut mm.:.;mm, g
mc0muHHMuwm mum_wsou Wontes - W . , . $350) pue s31)duag |
uoL1e20| 3y . ‘

(s93ewW1IST ,3LPPIW,) : :

.

(261 *sae{{op uO}|{lw uL) .
epeue] *uopuol-ui yojpjededas %n..w pue uojjeao|ay Aem|iey jO $350) pue ﬂchmm

96¢°Al 318VL

\-\/




N

‘suoiiededas apedb patonagsuodau 0L pue M3u ¢|. jo SISESU0Y)’ (v)

- v

‘KLuo Eom:um...o._ (q)
:SaION

.

+09° 68 +62°5E<  4E27SE - +9L°EL 53500 |30 °)
+ J+ . + ~ + ssaaboud u) .‘m,_ :otg.bm:ou 3Llym gy W Aeqaq mu
0 & 0 0 - - SJ3sN- co: 30 S%02 83828 pue 553.,89.5.:. 4
o. 6v°2 - 6v°2 o aw..ug .3;:2 30 53800 :03392 pue cozoto%:?ﬁ £
08°Y b9 LI v9°LL_ t- V .- ., 53500 Bujjeaade b}:&
08°81 otz *oolie £2°sl s3soa Zt%u _.u
+86°2¢ +19°49 +£0° LS +06" LY .. : S3ijoudg (vj0; g
0 "26°Y VE'E BE"2 - $2431 11904 AuM[je 6u}3Inqe seaue o JuwaAcddu) S
0 e LL 92 0l €6°L . u:ﬂ&opﬁgﬁ 10) paseajau v:e
bl ps2z SE'6d - §4°81 . sdje4 2.0393 uy :oZu:_:.x
+ + -.ma Ty . _w:.z pajeuasuab jo ucacg N
wm.:. 2v'82 - 80°8L. $8 81 sasuadxa Bujjedado I|djyaa pue Wy |aAra] voo; uy sbugaeg
s | a3ajawoy  uwasyanog D .
:o_wumo._._naom - J SIS0) pue s3}jeuag
pe4y ' u0L3Ied0 |y A ; L
u (s23Rwi3s3 LUBIH.) 0 | , .
: (2¢61 *saetop Uopfpw uy) - ' ’

888 :ov:o._ uj :onfcaom IPRUY pur UOLIRIO(IY AeM|}vYy 4O mumou pue sjijauag ,
¢

7 s

‘ . %2°A1.3MVL @




tp ! .
L} - - ’ . ’ R -

, s . .(:-' A ‘ ' K ﬂ‘_.q. ),
then the benefits and costs of ,the three relocation'scheme§-wou1dgbe‘ -

ot

as_follows ($ mitlton): - = = , | e ‘
B | CNR . "Southern Como1ete

q Lo .
Total Benefifs 19311+ - 21.83+ .- 27.63+
. , . . . \J 3 . e o T R ’
<~ Total Costs . ° 17.06+  31.96+ > 396+ 7

..,~
* L]

PR

The ;CAR scheme 1s on]y marq1na11y worthwhi e wh1]e the others are not
) R Al
‘Just1j1ed o o : &.

1f we use a ten per cent d1scount rate but otherwise combine .

the ”h1gh" estlmates of beneftts wwth the "m1dd1e“ est1mates of. costs,

o’ /

' 4

h%

the resu]ts are . ' = L
M ¢ . ‘ . [ 4 - . ~ T LY * L. b

' -

Al

A i ‘Q!g o “"§o&thé‘n, ;”ComEIEte ]} s
Total Benefits .. 19.11# * ~ 2183+ -  -27.63+. .
h “ : ro .o : T -
Total osts » - - 2557+ ¢ 42.38+.- > 42.38+

‘ - - . ' .. . o
v - o N H
L]

i.‘ . ’ . < - " » .
Hencé none of the proJects 15 justified. w1th‘h’?bn oer cent discount
~ . N

: rate and the most p]aus1b1e cap1ta1 cost est1mates¢ ". L o ;‘}'

. RN . . -
‘. We- may NOwW _ draw some genera] conc]us1ons T ) : ‘.
. . - -4 /-\_/ . ' .
N N
' (1) Based on whé% we reqard as the most pJausib]e assumptlons
'j'; and a d15count rate of 7 per cent, none of the propbsed ra11way reloca- » ‘ (
tion schemes is. Just1f1ed economlca}1y on the ba51s of aggregate net
,benef1ts A]so the groposed grade sepanat1ons, q'th new and reconstruc- L
’ ted, 1f eva]uated as 'a._ gro ug, y1e1d a negat1ve return However, two 95

1nd1v1dua1 reconstruct1ons g1ve posmtﬁve returns Tﬁ#s cone]us%on L'; L (
o “

ba51ca1]chdntrad1cts the LUTS recommendat1pn 1n favour o? tge CNR- ¢
scheme . * L s A S N o

3



\ .
v

~ o . < . ’: G0 Y
(2) If’'the socjal‘disoount rate for Canada is approximately teft
. Sen= e ht . . -

per cent as estimated by*Jenkjns, then the results would be gven mdref

D ' unfavourable to. the projects. w1th a discount rat% of ten per cent only

R the CNR scheme would - give a pos1t1ve returp if assumpt1ons favourable to

the prOJects were made with respect to other pdrameter values.- All the

- .

’other projects would-be un3ust1f1ed.

(3) 1t should be noted that we have con51dered on1y two

&

alternat1ves to, the statUS quo --rltocatton and grade separation --in .

’ the present study.’ There dre other optaéhs wh1ch we have not eva1uated

,for example prohlbwt train movements in the urban area dhr1ng the rush .

- ',', hours, or schedule trains and publish schedu]es so that people. could

avoid trains. ‘ - ' o N o

-

. : . (8) ‘we<have not considered the' issue of optimal timtng of
| ra1ﬂway re]ocat1on in th1s study we have found that the present -

- d1sc0unted value of benefits is less than the present d1scounte‘ value

. : L]

of costs under the most plausible set of parameter vaIues However; if
re]ocat1on were carr1ed out at a. later date for examp1e, in year 2;;9\

L]
(3

v then d1fferent concluswons m1ght be reached

‘ o ’ . . ) . . ">
(5) Jt shou]d be kept in mind that the conclusions reached here :

* s . .. )
///‘\\}, - are subJect td the qua]1f1catton that they are based on ggregate ¢

2

~willingness to pay « L . " °

v .The London Urban Transportat1on Study,. wh1ch recommended the
v -

CNR re\ocat1on scheme, was completed 1n 1974.. Howewer, the;provinc1a1 >
government choSe not to support Londonscn app1y1ng for f1nanc1a1 .
' ‘ B ..' - v' - -’- o ' ) " a v’ : ! ’ " °
., .asgistance from the Canadianm T:ansport Commission for a detailed raflway

“

t v
. . . . . -
. «
L . i - . ’ . N ?..
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relocation study, and apparently the City‘bf London has shelved plans
" for railway relocation for the time being. -Nevertheless, the

. methodology used and“conc]ysﬁons Feached in .this study'ﬁb&]d be useful ‘
- - ‘ -
_n any future evaluation of railway relocation in London.

A ~ - e >




CHAPTER V

DISTRIBUTION OF BENEFITS AND COSTS

-
.
’ -

]
‘ §i~ To this point we havé dealt only.with the aggreqgate social

.*benefits and aggregate social costs of urban railway relocation. In

this chapter we will briefly discuss the distributi;:;?f these benefits

and costs. we'wi1f discuss two distributional issuds” First,.we will

review the distribution of benefits and costs by income group. Then,

C, ; ‘
‘we wil amine the private benefits and costs of railway relocation for

Al

the following groups:: (1) rai]way companies, (2) 1ocal government, and

v il

- (3) industries with rail service.
Y ; .

-

Income Distributional Effects of Urban
", Railway ReTocat1on :

In this section we will examine how t ocialipenefits and

costs of rai]way relocation are distrib various income

‘.

groups. Before beg1nn1ng, we should efine some of the terms that will
be used, Benefits are d1str1buted regressively (progress1vely) 1f the
" ratio of benef1ts to 1nsﬂpe increases dec<;35es) winp ineome. Costs'

- are distributed regressively (progressively) if the ratio of costs tq'b

.

income decreaseg (1ncreases) with 1ncome

-
. . “, -

.
b

A Y

A.1 ° Distribution of Benefits .

: i » . .
Among the .six categories of aggregate consumption benefits o

' ' A . 3. . y ) , ;
identified, the last two categories -- improvement of.areas abutting

) \ ) > v : .. .
railway fagilities=and reduwttion in ajr pollution at level crossings --

L

fare.mainly restricted to peopfe who Jive or own property near®the




™

existing raf]ways. The first threé'categories of benefits-—-reduction

in travel time and veh1cle operating expenses, net benef1t of %enerated

ot
travel, and reduct1on in acc1dent rates --w0u1d be enJoyed by motorists

and users of pub11c trans1t S1nce costs of railway relocation can be

~

ca]cu]ated net of the va]ue of released railway 1and th1s category of

benef1ts need not concern-us here.
Z - In Flgure V.1, we present the'ava(age,fanﬁlyiincome and, the

median va1ue'of dwellings by census tract for the City of Londenfd’it )
o -

.can be seen that the average family income and the median value of

dwellings are relatively low for'mo§t;of the areas (especially'the

- central areas) adjacent\to the existing railways and yards. Since.the

B

benefits of urban railwa} relocation are'probably greater for people

‘residing near the railways, it seemstrobable that the benefits of

' rai]way relocation would be distributed progressiée]y'

Yhe c0nc1us1on that the low 1ncome res1dents of areas near the
L 8

existing ra11ways probab]y receive most of the benefits of re]ocat1on ’

[

must be qua]1f1ed. The re]ocat1on scheme w111 remove the externa11ttes

. 2,
.

due to the'raiiway Th1s w111 tend to raise the property va]ues in the

areas affected. The re]ocat1on scheme«w111 also 1nvo1ve deve1opment of

the released lands, possibly for h1gh va]ue res1dent1a1 or commerc1a1

uSes. To the extent that the 1ow 1ndbme res1dents of areas near the

ex1st1ng ra11ways are tenants rather than property owﬂérs they w111 not'

share in the benef1ts The~ﬁenef1ts will accrue to the prooerty

r

.owners rather ‘than the tenants. Indeed the low income tenants may be~

»
forced to pay higherkrents or to relotate because,oT the 1ncréhse in

prOperty values.

\ -

<
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A.2 Distribution of Costs

In the previoué‘chapters, we identified five categories of costs.

El v .
- -
*

. - ' ‘o ]
We shall first look at the incqme distributional effects of cdpital

° co{ts and raflway operating,cos-ts.Q Accor@iné to tﬁe existing legisla- _
‘tion (see Chapter VI for details of The Railway Re]ocation and Crossing )
' Acti, the federal government would be responsgble for up to 50 per cent |
of the "net cq!t of rajlway fac111t1es " This 15 defined as costs of
ney,rgllng_fac111t1es (exc1ud1ng 1an;¥costs) plus or m1nus,£re
'gépité1ized value of[the ch&nge in rajlwa} operating costs @nd plus or h
" minus the chenge in the value of the railway's-land (see Table VI.2,in
© Chapter VIj. 'The other 50 per.cent would probably, be Shared equally .
between the prov1nc:e1 and the municipal governments " The rallway
companies, as specified 1n the RJ1]way Relocat1on Act, shou]d ne1ther
" be better. nor worse off f1naﬁ”1311y Hence, the‘nétacost of;the~
- railway re]ocat1on scheme will be pai 'by the federal, provincial, and .
‘municipal governments Accord1ng to Maslove (156), federal, provincial,,
and mun1c1pa] taxgs arE”ﬁ1str1buted progress1ve1y, pioport1ona11y, and .
regress1ve1y, respectively. Maslove makes the trad1t1ona1 assumptions
about the 1nc1dence of the municipal property tax, w1th the result
that he conclu®s that it is regress1ve However. the new view of the
m%r1c1pa1 property tax is that it 15 a tax on capital and hence
: 1

"proportional or progressive. Hence, approximately 25 per cea% of the

financial cdsts would be distributed regressively or prqgress1ve1y .

B

§ ‘\, ‘l I
~ ]See. for example’, Canadian Pub11c Po]1gy, Vol. 2, Supp]ement
1976 for disdussion of this, and for more detail see H. d. Aaron, Who
Pays the Property Tax: A ng‘V1emﬁ1§rook1ngs Inst1tution Nashington,
,» 1975,

.
t
’ ‘ ~
, .

]
P
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. _ dependmg on which view one may have op the- 1ncome d1Str1bu’c1ona1

effects of the property tax -

With respect to the th1rd category of costs -- relocation and
. transportation costs of raﬂway users -- one may assume that the
industries affected would be compensated so that they are financially:

¢ s
¢ . ~ .
. \ neither worse n

-

bétter off as‘a result of the raﬁway relocation. It

is reasoneable to assuge tha® the compensation payments td the affected

1ndustr1es would be share

- ——

in the same manner as the railway costs. The

arguments presented m the prevaou,s paragraphs then apply to the

A J

,compensation payments as we]] Floe other categorv of raﬂway

L users, name]y passengers, the cOgts probably would not be d1strnbuted
"& 5

\ progress1ve1y since railway passenqers and. ma1n1y m1dd1e or low mcome\

eb ]e N ‘ . R . " 3
‘o p Q a * / - L] s
The fourth category of costs -- transp/o/rtatmn and relocatmn of
" -

- non2users =~ is probably d1str1buted regrésswely)s’(nce :nost of the

peop]iaffected, i.e.; employees of railway companies and 1ndustr1es,

Fara.

are from middle or 1ow income groups.

The last category, of costs --delay in traffic while construction
s . , . 4 N

is in progress -- would fall main]y“on“rese?dents who live Mdar th‘e old .

and new raﬂway‘.sites; If most of these.people belong to the middle
- ’ S 1,‘ -
and Tow income groups, then this c'ategory of costs would not be -
& . . *
'

progressiVe. '
To conclude, a very high portmn of railway re]ocatwn costs,

i.e., the capita¥ costs. and railway Qperatmg costs, would be distrl-

‘butéd progressiv_ely while the rest of the costs are 11ke1y to be

regressive -in nature.
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A.3 Distribution of Net Benefits: .
Based on the conclusions reached for the gross'benefits and
costs, net benefits would probably be distributed progressively.
B. Benefits and Costs of Some Specitic Groups
B.1 Railway Companies
In Table V.1 we list the benefits and-costs which a-raiiway <
company would.consider if it were to carry'odt a relocation project on
its ows'initiative. This list of benefits and costs is.somewhat - )
d1fferent from tﬁ?hst of social’ beneﬁts and costs presented in the

T - v

. prev#ous chapters An explanatiom-of some. of the 1temsnf0110ws.

* (a) Value of released land . BN

In discussing the value of land released in the previous
chapters, we have 1gnored the rather complicated ownersh1p problem,

which is not 1mportant in an aggregate social context ' "However, -when

{
v,

we try te assess the value of releasad 1q9d to’ rai]way companies, the

-

- ownetship problem becomes crucial. This is'because the removal Q(
 railway facilities may have an effect upon the c]qrity of tit]e of
such-land. Some rai]roads hold title to laﬁd on'a reversionanf basis,

1 e., use of land for other than ra11road purposes 1mp11es a poss1b1e
. 2,

o~

rever51on of t1t1e to 1nd1v1duals or government Jur1sd1ct1ons

P s

. The ra11ways may also be able to deve]op some of property"
witqgﬁt/;eTpcat1ng by constructing bu11d1ngs over the tracks. Such

developments would not atfect.the railway's tttle\to~the land.’, The

t ’ " ' - - -

— -

- .

-

> 'zFor ﬂief discussion of 'rai"lway land, see hotoff (38.).
¢

-~ . L]
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. N TABLE V.1
oo » ‘Benefits and Costs o"f Raﬂway“, Re1ocat10n ' ‘
_ to Ra1]way Compan1es
. : ($ million) :
: . " Relocation Scheme
' Bgnefits and Costs &a) ———
. o ~ e : ' CNR Southern Complete
1. Cap1ta1 costs 1ess savings ¢} . -25.54 - 2369 " < -36.79 -
.- » in rep1acement costs L4 o .
SPTR Change in railway operating 1.31 -3.54 < 53.54
~and maintenance costs . )
4 ) 3 . . ~
| 3. Value ofland released y 6.72, - 8.03 8.76
) o Y4 > .
4. Change in shipping reyenue 0 0 "0
NG s, Change in taxes‘(income and b ? ? 2
1« property) :
. .‘, ‘b ; - - . - ’ Coe
i 6. Change in -road-rail cross1ng 1.46 1.56 1.82
s accndent costs ’ . 4 .
- L& . N
4. Pubhc goodwﬂ], better + - + +
business image g W
- ’ ’ 1 .M - .’ .
8. Inconvehience caused by 4 - N - - -
e relocation . Ml
¢ " n . -
: ‘ 9. - Compensation to industrigs a0 0 4.0 |,
. that lose rail service ; v . o
.
iaz%-Benefits** ' -16.05 -30.74 < -33.75 " |°

L]

. ©

The estimates are based on thesetofnndd]e parametef«va1ues

See Table IV.29b.

*k
Apart from items 5, 7, 8.
' - -:zi:" S .

[ M
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value of the released land to the railway oompanies is its opportunity
cost for such uses.

-
(b) Tax savings and ekpenses

' X ‘ - ..
From the social point of view, taxes may be regarded as transfer

°

payments and hence they are excluded from the ca]cu]ation of benefits
and costs. To individual companies, tax-expenﬁes are just as real as
any other category of costs. Changes in property taxes as a result of
change of the use of properties and changes in incomé taxes doé to
change in operating expenses and revenues would affect a railway
company's benefit-cost position In addition, relocation prOJects W111
often 1nv01ve retirement of property that is not- ol Ly deprec1ated
capitalized invdstments in depreciable property, or capital 1oss or

gain on certain retired as;ets. A1l of Eigse would have tax.impiica—
tions which can only be fully assessed-by expérts in railroad accounting

and taxes. a

c

(e Reduction in accident rates _ ’ B
It would not be society!s willingness to‘pay nor the ex post

economic costs a§50c1ated with road-rail acc1dents that- wouid enter a

7

railwaycompany S ca]cu1ation of: benefits and-costs. - Rather, 1tuwou1d

be the reduction in insurancde costs and costs over and above those

- N >

covered'by insurance (such as delay of rail traffic, temboraoy loss of

equipment, etc.) that the rai]way company would care about. Henge the .

value of a reduction in accident rates could be Tower for ré lway - .
cohpanies than that for society.

It is not possible for us to determine the private beoﬁiits and

b &
costs of railway reiocation to the raiiway companies due to the lack of

. 4
4 o -




.data. However, based on the social benefits and costs estimated, we

‘with the company. - The railway would also benefit fromLany resulting -

" benefits to the rajlway would exceed its costs.

, 175
can get a c¢rude indication of these pﬁivatg\benefits and costs. These:
are illustrated in Table V.1. The capital costs and. the change. in k\
operating costs would be the same as those estimated.in. Chapter IV. fﬁq/ﬁ\“
vglues of released land and reductioﬁ in accidents would probably be’
smaller. In each case, unless the tax savings‘are considerable, the
costs would exceed the benefits. Hence it would not be ;n the-intérests ‘
of the railways to relécate oﬁﬁtheir qﬁﬁ iniiiatiVeﬂ |

) The nature of the benefits and éosts of Fai]&ay Eeﬁocation are
such that it is gerrerally not'benefic{éllto the railways to relocate
on their own initiative. Th;y would 1QCur the net‘capita1 and operating
costs. They would need to cbmpensaté the industries that would lose -
their rail service.® These are generally the major cost i'tems". Thes_ »
benefits to the railway would be the value of the released land, to éhé -
extept that this is increased by rglocafion and thét the tit1e remains

- . -

reduction in accidents. These generally represent only a small portion

of the benefits of relocatipn. As’a consequence it s unlikely that the
4 ’ »

The Railway Relocation and Crossing Act of 1974 (see Chapter VI)

‘was"passed to allow municipal governments to take the initiative in
a "7 . : - '

L

railway relocation proposals. Prior to 1@74 the initiative lay.solety
2 R .

with the railway companies, and as we have seen it wag unlikely that
they would find it beneficial to relocate.

» N\
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B.2 Local Government

P4
,

tIn-Teb1e V.2 we present the’benefics and costs of railway
relocation to a Tocal government. Again thése benefits end costs are
somewhat differentrfrdm the social benefits and co§ts-di§cussed in fhe
previous chapters. ' ' o

The logcal governments will be concerned with the benefits of

railway relocation to their constTtuents ‘ These benef1ts include the

-

time and cost Savings to vehicle traffic, the net(ﬁe;e}it 6flgenerated
& ! . ‘

»

: 3 ~

traffic, the reduction in accidents_and the reduction in externalities
.

in areas near the existing railways. The local governments may also

benefit in a number of other ways.- Some of thevre1eased land may revert
to the local governmencs because of the'conditjons‘under whichfft was
granted to the railways. The’deve1ophent”of the released lands will
raise the tax revenuds of the local’ governments The relocation may
also reduce the e;;end1tures that would be.- requ1red for future grade
separat1on§. There may also be in-street ma1ntenahce,costs at level
crossings. The local governments may also be concerned about the
changes in the&number of fddustries and jobs lacaced within their
‘bdundaries. -Indeed in LU%S one of the hajor constreints emp]oyed in
chopsdng,among a1ternative relocation proposals was. to minimize the,

Al

1mpact on ex1st1ng 1ndustr1es.

-
-

Under the existing legislation the }ocaT governments would share
in the net cost to the railways of the relocatiom scheme, The Jocal®

government shere-is not fixed in the Iegislation,-But we ergued adqve

K , . - &
that 25 per cent is a reasonable estimate. The Tocal gove‘.hents_

- . ~

would also share in the combensatign pa}ments to industries that lose

-
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. & - % -
. ‘ \ © "+ -TABLE V.2 .
Benefits and Costs of Railway Relocation .
a to a Local Government (City of London)
. 2 ~($ mi111on) .
) . CNR Southern
. -~ . . » - &’_Q} - hY
Benefits 3 ’ .
1. Sécial benefits® - - ’ 8.38 9.1
2. Value of released land reverting to the City of Londoh 2 ) 20
. 3. Increasé in taxes® . 13.80 16.88
. l 4. .Savings in future grade separation costs® ’ 5.0 ?.0,
5. javings 1n maintenance costs for streets, signals , ? . o7
6. Reduction in unemployment® ™ - - ¥ +
7. Reduction in crime 1.3 - .0
Total Benefts 27.18+ 30.66¢
-+ F - . 4. a
Costs AN S . , L TN
4 1. Capital costs and railway operating costs . e 6.38 9.20
7 2. (Cospensation paid to industries which lose raﬂ . “« .o, N
service. and/or reIocate ‘- 0 . 0
Sther social costs® ’ + . S+
4, Loss of taxes due to relocation of 1ndustr1¢s and [ R
individuals ) . 0 0
—— , - . " -~ . - L L -
Totak Cqsts 6.38+ . o~ 9.20%.
Ndtes: ° The estimates are based on the set of middle parameter- values. See Tab\e Iv.29b.
T IncIude ‘a1l the social bene?its identified in the previous chapters except
the value. of released land for redevelopmént i N
. a Annual 1ecreas§'ext1mated by LUTS to be $1. 0 mHHon and $1.2 millfon for, the
- . CNR and Southern 'scheme respectively. The sum presented 1s the discounted '
_ present value assumtng a- time horizon of 50 years and a discount rate of 71.
~ - CEsrimated to be $6.8 mi 11 o by LUTS. However the sun-should be discounted.
dThere would be an inmase in. the number of Jobs because of the construct'lon
work and the deveh)mrent of the released rajlway land, -~
- ®These inelu fncrease travel costs for railway passengerg and employees
+ of industrifs which relocate, delay in traffdc while construction is in o
progress. ST
) ’ . ) ' h
. * - - ' .
o ' h
~:‘ '., ’ 4 . LY / 1]
. . ~ag .
’ - i -
. -
, 4
- ’ -
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the1r ra11 service. T : I 3 - :

As can be seen from Iabdg V. 2 the d1!tr1but1on of benef1ts and .
rJ

cpsts is such that there is often a substant1a1 ﬁeb Benef1t for the \\\\

¥
L

‘1ocal government even though there is no net soc1a1 "benefit. This

situdtion arises 1arge1y Because.of the cost sharing arrangements in

the exlst1ng 1eg1s]at1on, Ther§g1s a danger therefore that local

il

'governments may pursue relocation schemes that are soc1a11§ 1neff1c1e9t

because they prov1de«a net eneFTt’]oca]ly N

~

Qe

.B.3 'Industries, T . 2

1 . ’

Amdng the-1ndustr1es affected by railway re]ocat1on, some may ‘
<The benefits and costs <to these\1hdustr1es ate.listed in Table V.3: We
. 4 -

shall not estimate these Qenef?tS'ahd'costs due to the lack of data. -

F ’ . 5

decide to relocate wha]efgg;eRF would remain at the1r origina] 1ocat1ons.
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. a ‘ . s
AR A TABLE v.3
. ' t
- LA Benef1ts and Costsupf Ra1}way ReTocatlon o
Yoo T " to Affected Industriés : f:,a
./ Costs - ) B Benefifs * __
¢ ', . {Industries which® do not relocate)
] Transportat1on cost may o
increase due to switch to an . )
. alternative mode etc. ~
< N -
2. Costs of adjuystment in’ ! .
‘production, storage.and
distribution. ' . .
3. " Ingonveniénce ¢aused by
- .. readjustment. : - .,
- ) A 3 ' V%
- . . (Industries which relpcate) ) ¥
1. ‘Property acqu1s t1on and 1. Proqeeds‘fnom the sale of |
construction costs of new © old site and facilities etc.
.. facilities «£tc. o T
2. Moving costs. _ , 2. Improve in opereration
‘ T . c 5 efficiency due to more .
N 4 modern facilities and
, R equipments. o
3. Increase in transportat1on 3. Decfeasg in transportation
4 _ costs . [ } costs.se\\ , '
. N . n s
4. Revenue losses due to .1 4. Revenue gains ow1ng to new
. change of location. - : 1ocat1on .
VJ/ - ) 2 . , )
" | 5. Inconvenience caused by I .
rgadjustment - ~ S
gedd! :
» t
" / J




~railways- involved.

“CHAPTER VI° - . - ° |

FINANCING OF URBAN RAILNAk/r' -
c RELOCATION PROJECTS ~— ‘
Railway refocation projects have been undertaken in severa] ! , )

Canadtan,municipaTities (see Table-I.1). Prior to 1974 it was necessary

" to” have the cooperatlon qgg agreement of the ra11ways involved in order e

to carry out a relocation- prOJect. A mun1c1pal1ty w1sh1ng to undertake oo

-

a relogation project had ta negotiate a settlement agreeable to the

.

¥

In 1974, the federal government passed the Railway Relocation ind
Crossing Act "to facilitate the re1ocat10nfof raiiway lines or'reroahiqgr/’
of railway traffic in urban areas and'to provide financial assistance -
for work done for the protection, safety and convenience of the publlc

at ra14way crossings." Under the prov1s1ons of the Act a muﬁ1c1pa11ty

may tahe the initiative in ra11way relocation projects. ,It can evaluate
a proposed relocation, and should 1t‘jec1de to proceed (an present the
project to the Canadian Transport Comm1ss;on (CTQ). If the CTC dec1des
that the project shdu]d progeed, it can order sthe railways to relocate

in accordance with the’ proposal In this caSe the Act spec1f1es that -« ..

¢
- the ra11ways be made neither better nor..worse off by the relocat1on

. Hence, the voluntary agreement of the ra11way companies 1s no longer

’ and the following sect1on co;%a1ns comments on some features of the

requ1red to carry out a relocat1on pro;ect As’ yet no relocation
projects have “been carr1ed out under the provisions of the Act.

The next SECthn 0ut11nes the pr1nc1pa1 prov1510ns of the Act

l

“ 3
‘o

- /
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legislation that may inhibit-the realization of spc1a11y beneficial

N i : 181 .

wejocation projects.
“Q

-

" - A, The;Ra%]Way Relacation and-Crossing Act

The Act is divided into three.parts. Part I deals with r'*ailwéy

relocation projects?' Part 11 prd;ides'special grants for the constguc-

tion of grade separations. Part III deajs with the financing of grade

“separation constructionufrom thevRéiiway Grade Crossing Fund. ‘The

financing shcemes specified in the various parts of the Act'ere

' 4

. . ‘ : &
summayized in Table VI.1. Part 1II simply updates the previously

existing legislatign with respect to the *F__inancir‘lg9 'of gradg separation
construetion from the Réilway Grade Crossinb Fund Part II provides ”
for the payment of spec1a1'grants for the construct1on of grade separa-
t1ons ‘where the costsbare greater than can be f1naneed from the Rallway
Gr-ade Cm551ng Fund. These two parts of .the &:t are not qf: much

Q

interest to us, so we will focus on.Part I which deals wity railway

. relocation projects. a * : SR i

fﬁé procedure for railway relocation outiined ig the Act is
straightforward. As a first step, the governments of the province-and-
of all the municipalities, affected b;Athe proposed relbcatjon must -
prepare an urban deve]opment plan and a transportat1on p1an The Act
prov1des that the federa] government may pay: up to f1fty pef cent ‘of
the cost of these‘ttudies The Fema1nder of the cost is shared in
some mannér by the prov1nc1a1 and municipal gove4nments

The Act specifwes that the transportat:on p]an must out11ne f\\\\\ .
some spec1f1ed time "the 1ayout of any streets, h1ghways br1dgesa ‘

railway lines, railway crossings ab»‘eveI or at grade separat1bn,’bu5'

S s -

w" ' . ’

b

.
. . ) .
‘
- ‘ . . ’

&
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routes, rap1d trans1t 11nes, ratlway stat1ons, bus term1nals, rap1d

transit stat1ons and wharves and a1rports" “in the affeeted area. PR

e The Act requires that the urban deve]opment plan must spec1fy
- / ' . .
"the development and use of land ... whereby, 1t is pr0posed to contro]

. e

and regul ate théikse of such land for purposes of 1ndustry, commerce,

- \_ .

government' recreation, transportatlon, hospitals’ schoo]s, churches,
res1dences homes for the elder]y or for other purposes or cTass_Erof
Juses, thh or w1thout subd1v1s1ons of the various c1asses" 1n‘the S
affected area. ) - ‘

In terms of the rai]hay relocation projeot ‘the tranSportatfon'

p]aq out11nes which' sections of the exlstlng ra11way network are to be

remoyed. It also specifies the locations of any new ra11wqy “Yines.

“ Finally,'1t 1nd1cates wh1ch portions of the rail network will exper1ence e

increases and decreases in the volume of rafl traff1c The urbanu'
development plan spec1fdbs -how the released lafid is. to be used.. It .

" also spec1f1es the land uses in the areas surround1ng new rail.lines

-

and measures to alleviate the possible adverse conseguences of 1nc¢eases

[ 2 i £33

,\N/the volume of Tail trafﬁc/ | ‘ -
& .

Once the prov1nc1a1 government and the municipal governments

D affected«dgree upon the urban dev{Topment and transportation plans they
. ) . STt
are ready to proceéd with the second step/ The Act Spec1f1es-that all
-~ ‘ Vi .

of the municipalities "materially affec ? in who]e or in part by the

relocation project must agree to the proposed urbah development and .
transportation plans _ - ™ ' . ' oo

The second step in the relocat1on£z:oiidhre is that the j

s

[ Rad
‘-\..s ,

N B

RS

mun1c1pa11t1es file an app]tcat1on wﬂlh the—CTC. “FHis must Tnciude the - -

agreedytransportat1on and urban development plan for the affected

.
K]




° transportat1on p]an 1nc1uded 1n the acceptea plan are to be shared by.

. prepe?ing the financial p]an., Howevér, it}a#peags that the content of

-

re1mbursed for these compensation payments. ' ‘ . ‘ B} .

i . ~ ‘ - < N - . o K “4:’: ,: ) “ N :
e N " R -7 ’ L “‘ L [ ) N ‘ T s j:' ’ f
: a ¢ o . b 5 ‘ T 84

communities. Itﬁnust aIso 1nc1ude a financ1a1 pﬂan The'financial'

“ plan must’ shaw, among other’ things,- "how’he costs "and beneﬁts of the

. - "
the prov1nce the mun1c1pa11t1es conéerned, the ¢a11ways affected by the-

accepted_plan-and anylother 1nterésts-that may "be affected thereby. .’ //)

. ) ' L
The Act makes no provision for financial assistance towards the cost of

»

the trensportat1on and urban deveiopmeht plans could be specified 1n

such . a.manner ‘that 311 of the ‘data requ1red to. prepare -the’ f1nanc1a1 *

.v-‘

p]an»&ould be. ava11ab1e from those studies.

*

The Act does notsspec;fy that the soc1a1‘henef1ts of a proposed R

relocatxon proJect must exceed the social. costs \P;S§umaﬁ1yxepp11cat1ons

for soc1a11y 1heff1c1ent projects coqu come before the CTC. The CTC
ou}d have to dec1de whether or not such projects should proceed.

The Act..does’ requ1re thé/t the f1nan(a1 p1an be such that the , @

-

ra1}uay compan1es neither ga1n nor Tose from the relocatlon prOJect In
— s ’

other words, the ra11wgy companies must pay or receive suff1c1ent ot

.- .
T h]

compenSat1on to make the1r costs and’ benefits equa1 " e
- The Act does not spec1f1cally ment1on.the 1ndustr1es that 1ose
. .2
their rai] sﬂpxice' However, the Ra1]way Act 0ut11nes the conditions

under whach ra11 _service to_am industry can be term1nated«- In essence

these cond1t1ons require the railway compan1es to pay adequate compensa- '

tion to the f1rms that Tose the1r rail.serv1ce. The railways would be

-

*

The th1rd»step in .the procedure. 1s a publicﬂhearing held by the -
CTe. This prov1des an bpportunity for any 1nd1V1dua1 or group to i ,

express suppert for or oppos1t16n to.the proposed re]ocat1gp project{

+

» .
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N The ra1lway companIes and firms 1os1ng the1r rail service mMht wish to

° raise objections to the prOJect. Househo]ds and firms adgacent to’ the

¢ . . - 3
’ °

new Jocation also might wish to obJect The mun1c1pa11t1es subm1tt1ng

v , .3
the app11cat10n wou]d be éxpected to support the proJect. 5 .
‘o Based on the mater1a1 submitted and the ev1dence presented at

,the public hear1ng the CTC must\decide whether or not the prOJect shqQuld
proceed. The CTC may accept,the roject as submitted;»or‘1t may
specify”that various changes must be frade to the plans submitted.
° .- ‘Once a plan acceptabje-to'the.CTd'iSvdeveloped the project can
| 3 . ’ LIS .

‘proceed. aThe.imbIementation_of the project-is the fourth stebt’ To

carry out this‘sten;the CTC issues the necessary orders to the railway -

“companies. 'These-drdersTOuET%ne all df'the?actions required of the"
s ‘rai1way'conpanies‘in otder to carry out the project -- the construction
of new fac1]1t1es the removal of existing fac111t1es etc
The CTC may. a]so recommend to the Mtister of Transport that a
"reIOeatton grant" be 'paid to eet part of the cost of 1mp1ementing 1
the accepted p]an The relocation: grant may be up to’fifty per cent of- ;
the net costs of the ra11way relocation proaect The’ Aét defines how

hJ

. the net costs of the prOJect are to ‘be caICUlated The ca1cu1at1on is
{ -

summarizéd in TabJe VI 2 It is 1ntere§;1ng to note that the Act

“*

S spec1f1es that! the d1fference ln ra1]way operat1ng and ma1ntenance costs . ‘
1s to be capitalijzed over a 15 -year. period and that the discount rate. .
is" ta. be estab11shed,ao1nt1y by the CTC and the, federa1 Department of

h o

° Finance N . ‘ . o T
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- B.  Comments an the Railway Reldcation and Crossing Act
Coe " ) L B :‘1:: v,; L 2N L ] . , / ' .
" “"The Railway Relocation arnd Crossisg Act gives; the Canadian = :

1 4
5 Transport Connnss1on cons1derab]e scope n terms of eva1uat1ng ra11way

relocation proposals. No proposals prepared under the termis of f%e Act

have yet been considered by the Comm1ss10n Therefqre, it is not yet
possible to Judge how well the Act w1]1 work. * . . .

The Act contains several features that merit comment hecaUSe they

-

?

may inhibit the realizationlof socia]ly desirable rai]way relocation

. projects. These features are discussed below.

> The Act does not speclfz the cr1ter1a on which railway relocation
_projects are to be- eva]uated. There is no requ1rement in the 1egis1at1on o
that aggregate social bengfits exceed aggregate foc1al costs. The only
legislative requirement is that the‘tailways do not lose-or gain
" finangially. Uh?ess the Canadian Transport Commission,ad?pts the )
criterion that social -benefits exceed social ‘costs it is possible that
T _ inefficient projects. may be approved. | ._ , \\\X 1. ~
’ ) — 4
The 1n1t1at1ve fo%.undertaklng a ra11way relocation prOJect lies
with the mun1c1pa11t1es affected and the prov1nc1a1 government. It may
be difficult for these governments to achieve the unan1m1ty requ1red by
_the Act'because of differing priorities. Aésuming'tﬁat a1{ of the;
governments agree that a specific rai]way.Fe1ocatinn proﬁect is a
_ pr1orizydand assuming thag the project is socially be?eficial, the

”

governments may yet decide not to proceed. They may he’ reluctant to

proceed because of the expendltures 1nvo]ved In most re]ocatipn~

prOJects tbe costs are out-of- pocket costs 1ncurred pr1mar11y by the

railways. Under the terms ‘of the legislatdion theora11ways must be




reimbursed for the net amount of their costs. Thts,di11'géheeafly“’m~ 0

require Payments from the feder;1 provincia] and muanipaT ébvernment§
to-the rai]ways' The benefits der1ved from most’ re]ocat1on projects
accrue largely to the motorists and property owners of JLhe area. fhe :
municipal governments may find 1t'po]1t1ca11y very d1ff1cu1t to Just1fy

-~

the payments to the ra11ways in return.for these benef1ts The payments;

, are highly visible Qh1]e the benef1ts*accrue in small increments to.a
4

vagy large number of rec1p1ents who cannot be taxed - 1n,re1at10nrto the )

benefits they receive. L g .

The f1nanc1ng scheme prov1ded in the Act is probab]y not

A
Y

equitab]e. Most of the benefits of a relocatfoﬁ prOJect accrue to theB

e

local motorists and property owners. However, the Act,prov1des that‘

N -

»

the costs be shared by the federai provwnciaT and mun1c1pa] qpvernments.
The federa] share may be up to fifty per cent Hence, the ma;or1ty of
the costs may -be* borne by reS]dents outside ofrthe'c;mmun1t1es where
the project is Tocated wh1]e a]most a11 of the benefits accrue ta the
re51dents of those commun1t1es Th1s ﬁas the effect of” redistr1but1ng
income from other parts of - the COuntry to the reSIdents of- commun1t1es.
. that undertake ra11way reTocatton preJects. . : ;Ma ";;c e
The requ1rement that the rallways be made newther better nor
worse off as a result of a re]ocat1on progect may be‘dwff1Cult to
realize. In Canada there -are no’ independeht experts w;th .an accurate;:
know]edge of ra11way cap1ta] and operat1ng costs And the ra11way
'account1ng systems are so comp]ex that accurate wnit cost data are”
' aTmost impossible. to est1mate Thus, the data used to determ1ne

Whether the railways will, ga1n or 1ose are 11ke1y to be bnased

The requ1rement that the* ra1IWays ne)theﬁ 1ose nor garn may aTso
' .

- -
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be d1ff1cu1t to tmp]ement for another reason.. There w111 be no

.,

problem 1f the Finankial plan accepted by the CTC leayes the ra11ways e

. nelther better nor,wd)te off and if the s@tt]ement 1né!rporated into the

>

‘plag is fMnal. If the settlement ,is not fwna1 the- ra11ways coyld~é1a1m

add1t1ona1 comoensat1on shou]d the cap1ta1 .or operat1ng costs be higher .

than expected And 1f the ra11ways are a110wed to claim add1t1ona1
-«

A
compebsation they w0u1d’have 11tt1e 1ncent1ve to minimize thair costs.

TN 2
*

s The Ra11ways Relocat1on and Crossing A;t does not ment1on 1qdus <\,

tr1es whose rail servtte will be discontinued as a resuTt of a re]ocat1on

a
“ B rs\
.

N -»

prOJect. The‘fespons1b111t1es of the ra11way companies to provide such

>

§ervice‘are‘out1ined'1n<the Rai}wgy Act. Conceptually, then the
ra11ways are respons1b1e for negot1at1ng the dﬁscont1nuat1on of rail
4 serv1ce w?th ;he 1ndustr1es foected Since the ra11ways are aware” of -

fhe transportatlﬁn needs of these 1ndustr1es and :since they know the

alternatlves, thxs appears ta:be a gdod prov1s1on However, the raiTway

CompanTeSathe no 1ncent1ve to m1n3m1ze the compensation’ paid to‘an

o

1nddstry that is forced .to sthch to a’ﬁﬁgher cost mode of “tramsporta-

-

o

( t1on or to re1ocate to-a s1te where ra11 serv1ce will be ava11ab1e
These compensation payments would be costs tb the railways for wh1ch
they wou1d hawe to be re!mbu;sed 1n order not to be made worse off As
"a consequence. it may prdve less cost1y for. the mun1c1pa11t1es under-

tak1hg ‘the pTUJECt to negot1ate dzrect]y w1th-the affected 1ndustr1es

;CL even though tbey have less 1nformat10n on: the gosts of the poss161e .

<

‘ . ° . ' 4 b
. <
-

“alternatives.. o Y- o .

/ : ' ®

The forego:ng comments ar’e s1mp1y potant1a1 difficulties in the

real1zat1on of soc1a11y benef1c1a1 ra11way te]ocat1on projects. It

2

‘must be stressed that they are petentfal difficulties. - No proposals

<

o

3 »
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have yet been toniﬁderqd by. the CTC. Until such;groposg]s%are

: considered.we will not know whether these difficdlties and}or others'
. ' ’ L3

will be enceuntered, and how serious they will be . - ‘ :
- ° < . L. . .o

o




APPENDIX A

'A REVIEW OF RAILWAY RELOCATION STUDIES

L1terature on railway relocation is scar!E ’Io.pur know1edge
the N!nn1peg Ra11way Study is the most Comprehens1vﬁ study of - rai]way -
relocation if Canada. In the United States, the Department of
Transporﬂ§E1on has recent1y pub11shed part of a, report ‘on th1s subJect¢
In this appeqd1x we sha]l briefly revuew the fn]]ownng railway reloca-
tio:u'studies-:1 ‘ : ,: ‘ /

* (1) Damas and Smith (33), Rinnipeg Railway Studye('NRS)..

. (2). Dillen, M. M. (36). The City of Sault Ste. Marie .
2

c.p. Ra11 Re]ocat1on Study.

63)"DeLeuw Cather (34), London Urban Transpprtat1on Stqkz>_
(LUTS)e =« . . T

a

-~

- ’ - , . ‘ * .
(4) U.S..Department Sf Transportation (42), Guidebook- for

Plpnningfto A]]egiate_Urbah Rai?fgad Problems.

~ (1) MWinnipeg Railway Study'.
This is a three-quarter million dollar study‘which purports, to

£
. ~o

Canada. It is a comprehensive study.

Abe a prptotype “or blueprint for furth§r railway relocation schemes across ®

In the techiiical report a number

- . ,
- 4 . . ! -

-

Rotoff's, "Impact of Railway Relocation in Urban Areas! (38). However,
we have been able to obtain only what appears to be a summary paper and
hence cannot commer’t on its methodo]ogy and resu1ts

]Another study wh1chrsame ‘to Ojr attention at a late stage is

-
‘/‘
) 2Another study by M. M. D11Lpn is "The City of North Bay Ra11way
Rationalizatidn Study" {.35), which emp]oys the same approach as that in_
the Sault Ste. Marie study. . ‘

v

»

.
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, w1nn1peq Area Transportat1on System study wou]d be 1mp1emente¢ These

transwt system, and a prooram of grade separat1ons. The ra11way . e K
® .

: relocat1on scbemes a1lowed some of the re1eased lands to be used foe .
the recommended freeways andcexpressways ~ This reduced the est1mated .

_ -costs (pr1mar11y land acquzsltnon) of 1mp1emeot1ng the recommended

some of the recommended grade separat1ons Aga1n fhe resu]t was a

‘These effects are prjm6?11ymd1str1but10na1 1n nature The énviro,

'system The railway re]ocat1on schemes also e11m1nated the need for

‘thelurban transportation proqrem as Benefits. ¢ )

In add1t1on to the costs ;nd benefits Tisted 1; the summary e
tab1e the studx\ment1ons a number of other “soc1a1 and" env1ronmenta1” ’ :
effects. These effects are not quant1f1ed and are.not explicitly )
included in the agqregate cost and bénefit estimates.- : ST,

- . “
d k]

of éxcellent points and, fine g‘stinctions are made. The treatment

of capital costs and change in railway operdting costs is very detailed

and most .of the real benefits associated with railway,re]ocatioh are

identified. _ ) ® _ : o
-,/ " The terms of reference of the study‘specified that the raj1@ay °.

re1ocat1on study was to assume that the recommendat1ons of . the .

2
o

-

recommendat1ons out11ned a system of freeways and expressways,.a rapid

r

2

»
® 3

reduction in the cost of 1mp1ement1ng the recommendaﬁlgns thsequentiy ” \

the 1ist of benefits and costs, shown in Table A.V, dncludes the
. ™ > )
savings in implementation of the railway grade separation program é&nd -

L

" the social ‘effects include items such,as chdnges in the number

i

of jobs-and housing units in the areas aﬁfettedfby’redeve1o

effetts 1nc1ude noise and v1sua] po]Jut1on-an the areas surround1ng

.

existing and new railway fatilities. These effects hdve a, T

L : I P
'
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djstributional-aspecf tn Ehat the residents'of areas near facilities
to be relocated gain wthe-those in areas near the new fac111t1es
suffer. The net effect shou]d be inctuded in: the "ga1ns in deve1oped

N

.property values."

(2). The City of Sault Stef‘Marie c. . Rail Relocatioh Study

-This is ma1n1y,an eng1neer1ng study ‘It gives a deta11ed
d1scu$s1on of” cap1ta1 costs "and change 1n ra11way operat1ng costs and

'1t touches costs of 1ndustry ?e]dcat1on Almost nothing is sa1d‘about
e ! . . - < A
. the benef1ts . ' S - .
v, .

[

~T g
S -

(3) ‘Tondon: Urban Transportation Study

-

The ra{iway re1ocatioﬁ study.is only. a'part of=the total urban .l

tranSportfflon study L1ke the Sault Ste M@nle study, 1t is . ) e

bastcally an eng1neer1ng study. The .emphasis 1s on caottaﬂ costs and .

o (3]

changes tn railway. operatlng and m&intenance costs 4 does however,

© g

’ ‘t0uch ypon eOme bep.f1ts of. ra11way re]ocatzon in an ad hoc manner

. No attempt was made to est1ma;e these benefxts except the Va]ue of

re]eased 1and In Chapter IV(ue comment in deta11 en the est1mated

<

costs and the va10e of released land.
o ’ 2 o " )
(4. 0.3, Department of Transportatlon Study

C\ ‘5,

o
o ®

The study'cons?sts of four volumes. On1y~vo1ume 3, Gu1debook

‘O

for“P1ann1ng to Aﬂ]ev1ate Urban Ra1]roap Prob]ems has been published.

The purposes of this voTume aré “to suggest an approprlate approaeh to

-plagnning for commun1ty po]1cy makers, to outline ana]yt1ca1 processes

to be used by teéhn1ca1 specra11sts and to provide support1ng data“ for e

&




'studies of raiiway relocation.. S -
. .. - . c o .

-

s

. " Among the ‘four, studies reviewed here, the U.S. study is

closest to our own in its approach, The cos#¥s. and benef1ts :0f ra11way

v <

‘ . <,
relocation identified are similar to those in our study. However the ~

nnstudy foliows a-somewhat different approach in estimating some of the

[

benefits.’

'&J ’ . » M

©

,' Unlike our ‘study, the discussion of benefits and costs in the . w

u.sS. study is carried out on a°group by group basis. The mainagraups

. -identified are: railway companies, highway users, railway users, - St

re51dehts and tenants_ of adJacent property, the commun1ty, the state

apd nat1on Ihe main qeakness of the study appears tl ‘be the faflurg i -

. to sWow how the benef1ts and costs of the var1ous gr0up5(yfpeop1e may ..

ko2

. b comb1ned and compared. Thus, even. if we succeed 1n estimat1n R
) f&‘\% p ‘ g . .. .

everyl item of the benef1ts and_costs of the various groups we are not .

~giVen‘a gu1de as to how these 1tems may. be used’1n an eva]uat1on

o

Tonards the er of the. vo]ume the study ment1ons the d1st1nct1on . ; N

-

.- betwepn aggregat1Ve and d1str1but1ona1 cost- benef1t ana]ys1s, however, i

it d s not show which items beTong to“each* type of analys1s ’

0

Desp1te 1&ength the -U.S. study dOes not go 1nto any detaﬂ
-in d1scuss1ng the theoretxca] and: est1mat1on prob]ems in evaluating

tra1]way re]ocat1on prOJects The va1uat1on of env1ronmenta1 externa11- -y
ties is almost complete]y 1qnored.‘ The study does not contain an . )
(9 S L™
actua] case study of eva]uat1oh of ra11way relocat1on although

.o a

“illustrative mater1a]s, apparently drawn from some cese studies, are-

] " . e . PO, . N e

‘used. o i L .\
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. APPENDIX B - ”ﬁ‘,'. IR
° VALUE OF TRAVEL TIME: ~ - . o
c? 7 . o . ‘ ) J
. hd - . N a - v ) o . - e
B.1 Empirical Estimates of Value of Travel Time

Var1ous methods have been used in recent years to derive a va1ye
? - =
of trave] t1we by ana]ys1s of situations where peOple can make cho1ces

between d1fferent "packages“ of time, cost ana other*trave] characteris-~
'—tics The areas of choice where work has been attempted include: 1 °
(a) chorce ofodest1nat1on to travel to, go‘ frequency ofﬂtrip mak1nq ‘to’

]
a particular dest1nat1on; ,c(b) choice of mode of trave1;3 (c) choice‘

-

°

of rroute;4 (d) cheice of speed-at which to drive;s‘anq (e).cheice of

relatiye lpcations of home" and work.® oL
b . Pl i ) R ) . .
Most works on value of time have been dofe in areas (b) and (c).
-~
Some emp1r1cal results of these studies are summarized in Table B.1. ‘It '

appears tﬁg% for work tr1ps travel time 1s va]ued at 20 to 50 per cent

a ‘.
N o

¢ o »

]Fpr a d1scuss1og’of the methodology of these stud1e5. see

Harrisea and Quarmby (49) , . -
o & - , . ° e .
-2

For example, N° W. Mansfield, "Trip Generation Functions and |
Research into the Value of T1me, ‘as c1ted in Harrdison and Quarmby, ibid.
. [ ¢ i
3

For examp]e ‘Beesley (43), Gronau (47) Moses and Williamson, <
(58), and Quarmby (62) o ‘

- O

Fbr example, T° C. Thomas, "The Value of Time, for Passenger Cars’:
An Exper1menta1 Study of Commuters' Values," as cited in Harrison and

]

Quairmby, op. c1t . - :
oMohring (56) "\:l . . ) B
SMohring (197) and Wabe (66). .l

[
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Q’ of wage rates, whﬂe the value® of waiting or walkmg t1me Saved «iw

’

-

twace or three t1me§ that of inZvehicle t1me saued According to

- “w Mohring, the fo]lowing assert1on§ can be made.w1th‘re sonab]e assurance:

4 “The amounts commuters would'be willing to pay appear
! to be ‘closely, related to their wage rptes or the hourly
“ . equivaYent of their annual: salaries. Spgp1f1ca11y, workers
MG with 1ncomest\n "the -$5000 a” year rangé appear willing to
> “ — pay an amount equal to 25-30 percent of the1r hourly wage
y rate to save travel time. Increases' in income above that
‘ ﬁi Lo " level are associated with increases ™ the ratio of travel
L PR time value to wage rate. Beyond $10,000 - $12,000 a year,
A - this-ratio appears-to stabilize at about 50 percent. \
' Information to determine whether these relationships also -
hold" for travel act1v1;t1es other UU commuting is not
presently available.

<
)//( o Most_of the studies have been concerned with conmut1ng t1me, but
Thomas and Thonpson°(63) attempted to derive value of t1me by trip
pugpose, 1ncome Tevel and the amount of t1me saved A non-linear

re]at1onsh1p js found to exist betheen the va]ue of time and the s1ze of

s time savings. Twenty m1ndtes of travel time saved is valued mode than
", twige ten minutes saved. N
. , . ) .... , ’ ‘! - ’ . .
B.2 Trend in Value of Travel Time A. Ty

~

~ Since the real wage ratg’nmy_lncrease over time, the real value
of t}avé1 time may increase.as well. In this part of ‘Appendix B,'we
~give Some estimates of the present discounted value of savings in travel

.timé under the three proposed relbcatigh schemes described in

Chdpter IV. We assume that the future trend in the value of travel time

will be equal ‘to the past trend in thé real wage rate jn Canada.

. -
.

— ,
"wohring (57), pp. 76-77. .
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"two sets of "high" estimates. Thig is not surpris1ng with the "high" = -

14 |
“d

- “( 5 o .:r\ ‘ T v . . . 4_ ) 1
From 1950 to 1974,4the real hour]y wage rate of compos1te ‘

j} vlndustr1a1 workers 1n Canada grew at an annha] rate of 2 33 per cent

;
comgounded G1ven th:s f1gure we may assume that the value of travel

t1me"W111 1ncrease anh?2. per cent per annum compounded ,,?able B.2° gtvés.
est1mate5 of the present d1scounted vaLue of savings- ﬁn travel t1me and‘ } ) )WL .
veh1c1e operatyng expenses assum1ng a'i per cent annua1 growth rate 1n ':
the real va1ue of time, start1nq frqm 2 base in 1972 ranqlng from $.70 : .
to $1.80 per man hour. . o 7g'ﬁf;,;a ?"1.’ o . ’
These-resu]ts may be compared w?th tﬁe resu}ts pre§ented 1n

Table IV. 6. Fhe. on1y difference between the two tab]es i the d1fferent -
trend in the value of travel tlme-assumed As one may exp: ct “the
present discounted value of sav1ngs 1norease uhen the value of travel
time is assumed to grow at 2 per cent _per annum. Under the set of "low" . ."
and "middie" estimates, the q1fference betweenhthe'esttmates of the two

tables ere:not large. However, there is a big di?ference betQEen the i

estimates in Table B.2, the trend in the va1ue of travel time (2 per ‘cent) -

and the trend in motor veh1c1e traffic (3 per cent) together exceed the : A‘_ ) ?

discount rate (4 per cent), and hence we have a "runaway“ case. Ty
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‘purpose of tfaffic‘cqntro]
e

- ";'j\* ‘;. ot
- APPENDIX T , : .
YR ESTIMATION OF SAVINGS IN ROAD TRAVEL TIME °
.., AND VEHICLE OPERATING EXPENSES
. T -~ ' ) * ) »
C.1 Purpose - . h S

B In this append1x we show in deta11 How we est1mate ‘the fo]low1ng

categor1es of sav1ng§ in travel t1me and vehwc]e operat1ng expenses

N
]. 2, 3, ], 62 and 63 We are unab]e to es}imate H4, G

5::-‘ 60 4
and" G, because of 1ack of data. L . )

C.2 "Source of.Data

2

-

ia) Road traffic flow data

s Vehicular traffic flow data are collected by the Traffic Control

Departmedt of London for various interséctions in the city_for the
1.1 The data are for numbers of vehicles penc¢
lane per hour. The record1ng per;od is usually from 7 a.m. to 6 p.m.

For some intersections, 24-hour regords are available. The recording
is usually doné on a siqg]a-weekdayé’ | /
'The quality*of the data, in génera],_is good; 'prever,'there,angx

peftainyshdrtcomings which should be”noted for example:

., (i) For most of the intersect1ons, 1970 to 1973 data are -

dva11able, but for some 1ntersect1ons we have data on]y for N

¥ \
e oA -
« . s o

]There is some veh1cu1ar traff1c flow data in the two urban
transportatign studies DeLeuw Catherf(34) and Margison and Associates

Limited (153, 154) However, they are for selected roads or inter-
séctions only ’ -




L2072

Fofbunatgly, the 1atter are u5ua11y minor -
2 g -

ear11er years

' streets w1th 1ow vqumes of traff1c s .

(ii)

(iii)"

(iv)

.._,

Most of the data are confinéd to the 7 a.m. -6 p.m. per1od
we have to rely on the 1966 Traff1c Report3 to derwve est1mates

for the other hours of the day
b T
They represent a 51ngIe day record ‘and not averige traffic

L
'f]ow over t1me and no data are available for weekends . 4

They’are forkintersections which uSua]]y-do not correspond
exact]y to road- ra11 trOSS1ngs We assume that the traff1c

flow is the same at these 1ntersect1ons and the nearby road-

—

rail crossings, . - \ .

)

o distinction. is ‘made between passenger cdrs, transit buses, .

and commercial vehic]es."5 There are no data for pedestrians

K /-",,,‘ .
-

or bicycles.

2

2

We did not proaect the growbh of the traffic flow on these roads’

because the thanges over time were not clear. On some.of these roads, -

vehicular traff1c might decline.

-
.

(,s/’
. 3Marg1son and Assoc1ates L1m1ted (154)
"<0n daily and weekly d1str1but1on of, vehicular traff1c in Londont -

€

. : ‘ . '
This’ report has data ol

e ) {31

We‘!‘ﬁse the Margison and Associates Limited (154) study to get
estimates

Eff traffic flow for weekends

4

At some, 1ntersect1ons, separate data can be found for passenger “

cars and

trucks

=]

4
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(b)"Traip traffic flow data - : T~

~

‘ . The main source of daily train traffic data was the 1974 London

o
¢ °

Urban Transportation’ Study. Personal interviews with CNR and CPR

: superintendents were a@nother source. The fo]]owing publications also

\’,\ *

brov1de some 1nformat10n GNR (193) Express agd Fre1ght Tra1ns Serv1ce

Des1gn Spec1f1cat1ons, CNR (129) CN Great Lakes Reg¥on Southwestern

4; Ontario Area Employees' 0perat1nq Time Table 55; CNR (128) re1ght
°Eg*? ment; and CPR (130) Eastern Region Time-Takle 44. - -

< [ 4

& .

" C.3. Estimatiop of Road Travel Time Saved -

¢ . -
-+ 1In CTF;ier°III we derived the following formulae:

( Gjitkd Cend ' Coad ~ A ) ' ’
i =

AGJ1tkd

-
C— : G
*

11tkd kd j tkd
(]- t (-’ -‘\ .

 Hy =TI Tz
- dktij . J]tdk
N - ) ' .

.= vehicular traffic flow per hour in direction i on |

lane j at crossing k as train t passes dur{ng'day d;

1 A 2
C,o = 4ime- in hours crossing k is closed as train t passes
. . ,

on day d; ) ) J\ ..
A = time iﬁ"bq:;s before the s;ébpd road vehicle starts :
.—f" ‘ « ““ﬁ s .

-after the first starts as a train leaves a crossing;

T.:p °= time in hours that a road vehicle takes to accelerate
. ] A N
back to its normal speed in lane j in direction i at
‘. crossing k”as train t passes on day d after being

stopped at a level crossing. Due to lack of data we

- ’
- . .
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\ o ” o

2C 4
witl asslme al? T itkd tO be equal to the 1:1me1
i taken *to acce1erate from rest to 20 mph
To calculate H, and H2 we make the fo]loyng assumptwns
i (a) A =, 00028 hour or approx1mate1y 1 sqund” based on. actua] < '
' observat;lon) .o ” ST SR - b
(b) T31tkd = .0014 hQ_ur or agpro'xima.te]y' 5 sécands (b’as,gd on agtual -
*° observation); and - o .o .-1‘5
& ‘ .’, \ .o } ". . B3
‘b [c) Gjitkd = (’Jﬁ(de average hour]y veh1eu1ar trafﬁc in d1rectaon .
» -

e on Tane J at cross1ng k on day-d
‘ R "nv";:*‘.“ - ’

Also since data on Cftkd:arg n)ot avaﬂable %ave t)o estimate

'C'tl.(d'- “The formt{ia,,whféh' we 'usgd 1'453‘1;h‘e fo”dw'ing;. ,
T Ged Tt g e . * —~
where T T : ‘ ~

LN ’ -

N
A ty

t’kd 1\ength¢of tratn ‘t’ in mﬂes at crossmg k on day d;

S

L3

) “Tstkc“; = spee'd of trai t in m1'les per -hour at cross1ng k on
. - day d;
o v'\ib
- k" .‘ *—v‘ t1me in hours that crossing k mH be closed befor‘e a

“‘
\\

BN t,ram actual]y arrives and after it leaves. L o

: , .
~\V . ’

-~

Wé"do\s"_not ba'vg‘/ data on Meyd or Stkd? and hence each of these must °

X, - -

GMar‘gmqn A D . and As ocwtes I_td (193) found the average R .
speed to 'be 5 to 20 mph, dum g the evemng peak hours. We adjust it
upward for the da~11y average

4
2
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be estimated. We estimate n by the number of-cars and, eﬁginq; per

. tkd
train.«and-the average length of train cars. and engines. '!§1q,lv;2°

©

in Chapter IV,presents. the average number‘of'caré per train on various

routes. From the Wking papers of LUTS we.also obtained informaiion on

the average ndmber of engines per #eight train. For passenger trains

we assume one,englne per train. The average 1engths of freight cars, °

passenger cars, and eng1nes are estimated to be 60, 86, and 50 feet

_ respectively. 7 Est1mated speeds of tra1ns vary dependlnq on spec1f1c

1ocations they are shown in Table C. 1 z is est1mated to be 30

k
seconds or )BOSB hour, for fre1ght tra1ns and 20 seconds or .0069 hour :

for pasgenger trains at all crossmgs,9 'Thus,‘the‘formula wh1ch we use,;

in determining the average block1ng time (in hours) per train is:

Sea

—

L

Tealculations based on CNR (128) show that the mverage length
of freight cars is approx1mate1y 51 feet. However, in. personal inter-
views with the superintendents; it was found that the fre1ght trains .
that” pass through London have relatively more automobile cars which have
an average 1ength of 90 feet. Hence we raise thé average Yength of
traNp cars to 60 feet. (The U.S. Department of Transportatlon {42)
suggests a figure of 50 feet.) For passengar- trains tHe -car
s ysually 86 feet.. The averaqe lenqth of englne cars. is ‘.

-

Thesg/ésttmated speed; are based on CPR (130) ‘and CNR (129)

/ » ’ “
9The Canad1an Transport Commission reunEthon requ1res that red .
lamps stargt, %o flash and/fr gates ‘be closed at Teast 20 seconds before

the fastest train reachesgthe trossing. At most  of ‘the protected level

crossindgs, this is achieved by track circuits and other electronic

devices. See U.S. Departmenxﬁof Transportation (80) for detailed - .
discussion of the various devices.. Since the~20 second time requirement
applies to fast trains, the actual ’time for slower trafns@g111 be )
1onger -This was confirmed by actual’ observation at some ﬁu11way e
cross1ngs in London . .

. " : - : ~

- - .
+
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. LG . . . .
s, . . o B B ‘ . o
bl . . . . - < Z'

. i > J ° 608 o
T 60 mk 50 4 ‘ - . o
. Ck =i 5280 s +.5280.sk ]‘+ 20083 (Fte1ght trgins) - -
. ‘c’u . ' ‘o . o ' ‘ a- 'f' ,: ’ ’y "‘I & - 0 ) c.(_P
S L ' 86x8. 50 | FENCRT. L
. ) Ck = [ mb——s—k;"' 5'2'8-0——— ]+ 0069 O(Easeenger trains) coete
C ; B * % T ] ‘ = ‘n« . ! s . )
27 whére ‘ ' - T . :
Cw; Gk = average “time.in hours per train cf%ss1ng k is blocked :
oo - ‘L, - '.{' n by fre1ght and passenger tra1ns respect1ve1y, T
© ' 3 - ’ - 3 ° ~ . 1
™ . @k = average number of cars- per traln at cross1ng ks .
Do . ) qkk*e' aVerabe\huhber)of_ehgines pe; freiqht t$gin et I
Lo o cross1ng TR o o - E
s o ‘ s£: = averaqe speed of train 1h miles per hour at e o
..~ crossing k.. .
Even though we know the numBer of frefght tra1ns pass1nq Each “ <
o, - °cross1ng da11y we do not have the exact time schedu1e ]OV,However) we
. " have 1nformat10n on, the approx1mate number of trains going through | ’
- London per/tfme per1ed during thegwho&e day The reason for raising“ ; ‘i -

L. th1s p01nt is that vehlcu]ar traff1c is heavtést durinq eertain periods |

———

J . ’ ',of the day and is very 11ght 1n otﬁer per»ods The'deiay of vehic lar
_ “traff1c caused by a tra1n wou1d be qu1te d1fferent depend1ng onethe
time that the tra1n passes throUgh the c1ty we estlmated that .

agprox1mately 60’ per cent nf fraln traff1c ang 95 per cent of veh1cu1ar

. - trafflc occur dur1ng thé 7 ;a.m. -12 p m. per1od 110 We make separate

=
@

= - R > '
I for some fre1ght tra1ﬁs there are f1xed schedu]es, see’ CPR (]30f
~and CNR (129 but these may .not be adhered to _
o 5 o .
o . R - K g
U - ]]The train traffic ﬂnformation is obta1ned from the work;ng ,
K 5,\’ . /‘ ) i N .. ) .' .
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| Be] a

»’Qhére ekd is the 16ss in time (hours) per veh1c1e wh11e pass1ng Tevel -
-: cross1ng k on day d and ADT is, the numberqof vehlc]es (exciud1ng those

: stopped by traans) paSS1ng cross1ng k on. day d

<

) ‘ = -8 ) ’ T )
| : Voo T < ° ST L
c ) ' ;‘. o o:":i‘l ¢ . 208
Qi;‘ ; = number of“fré1ght tra1ns per day at. cross1ng k dur1nq .
. "‘per1od us L L “ AA‘~ SRR S .
. o - - . : . N
. ihz e = “number of passenger. tralns per dayoat eross1nq k. o ,i, °
3 o " during per1od upe o - ;"z ?°.Q»L'n ;'A ) ot
s 7 égik L=:'veh;cu1ar tra;;hc f]ow peﬁ hour in d1rectJOn i onh“?e .
©° " lane Joat cr0551nq k dur1ng per1;d uj ° )
u =1 (7 e mi-12 p.m.); 2 (12.01, a.m. - 6.9 a'.m,‘). RO
. e L, . ” .

©
<

The empirica] results for Hj and H2 are shown in Table C. 1 foﬁ'

1ndnv1dua1[cr0551nd§ and 1n Table C.2 for 1nd1v1dua1 re]ocat1on schemes

»

In Chapter III the formu1a deva]oped for estlmat1ng sav1ngs 1n

travel t1me w1thout go?ngcthrougn the dece]eratfhg ‘and acce1erat1ng

cProcess 15* S : ' s i .
£ . -
o o

365 K’
# HyeoI

‘ ADT d : e
L e

k‘é N 2 . b'y . ’
L A 3 :‘J .,‘L‘ . i .

yd.

o3, . Ya
-]

. .
© ° []
° -

No dataeon ekd estt and we emp]oy an average est1mated in’ thg

fo110w1ng manner Assum1ng the average speed of veh1c1es travel11nq 1n

London is 20 m11es per hour and motor1sts reducethe1rspeedbyaamax1mumn¢

f. o o

40 per cent in cross1ng a typ1ca1 Fevel crossnng,]3 then the average
'speed in travers1nq “a ‘level cross1ng is 16°m11es per houf. ﬂssumlng

'the distance from the point of $1ow1ng down to the po1nt of returning”’

e
o
4 e o 4
2 - -]

- 1l3Amount of. Speed redactwn base’ on U S .Department of
Transpbrtation (42) stady

o

o - [ n
C . B . N .
- . )




TABLE C.1

Mosd-Rai) Leve) Crussings Within the Clty of Lohdos |

o

-

e

1. Colborne
< & 1 .
3.0 Mattiand
;. 'ml!u
§. CEgdrton °
1. tTrafilgar
8. Clark Side
. Go ’
10. Crumiin’
* 5/0 Strathroy
1. Ridout
.. 3/ Thofndale
17, Wuron
13, Clark Side
14, Om<rd . |
15. Third
18, $ecoad
17. First .
8.  Dundas B
19.  Highbery
20. Ashland
21, Egerton
22, Bathurst
23. Maitiand
24, Ham¥lton
25. Morton
26. Siscoe
7. 'y
28. W
23. Sowth
30. Welson <
1. Philip
32. Thowpson
33: Commissiomers
M, -utiton Grove
. Green Valley
36. Adelaide
- /0 Galt
37. Crualin
N trial
3. Clark Stde .
40, Third
4], Second -
42. First
43, Adelaide
. &4, William
45. Meitland
46. Colborne
L 47 Pl
<48, - Materioo’
/0 Windsor
49. Richmond @
~ %0, St. George
$1. Hutton °
LIntarck I!(b)
> $2. Francis
$3. Florence
4. York
55. King
$6. Dundas,
S7. ETtes
$8. ” Oxford
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15 172
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282 N
08 .
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40 52
776 8%
08 o 504
40 35
200 310
150 18
70 9%
500 497
?so 423
(AL
23 -
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s 8

-8 8
3%

$75 42
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56 0
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3
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a8 50
04 w2
0 -
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88 73
§

2
“ 100
200 13
54 560
% 160
10 N2
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; 450
160 200
259 -
46 842
-50 7
598 850
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B i . N c | Road Yraffic
train 0. ‘of Trains/Day »o. of Flow Per s":""“,"'r Fours
Leve) Crussings s} . Speed - Lanes Dirgction
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- R . 1 A “z My
q . P

e
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4678 128 404
126, N 103
NI e 28 104
118 28 )0
1454 @ 203
3203 14 461
2836 7 3ag8
509 3% 300
169 . 10 104
169 “a-10 104
6437 _187. 581
74 7 153
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197 1748
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. 78 78
82: 3 »
647 83 152
938 9 027
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228 7148
121 » 92
1350 3 715
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21 'y 9
.17 0 '
" 0 9
207 1 s
363 21 s
3 1%
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n 1a 93
W 8
1582 ¥y, n
3507 80 ‘"
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2188 w7
13} 17 08
‘1086 24 51
2788 o - 07
§772 729 e’
122. Y. 19 -
197 3 20
62 3 ”
SN * 3 950
2 10 ns
ns 17 208
602 n s
7 3° 98
3N u, us
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u aga1n is approx1mate1y 1. second. hﬁ~‘é\& is'eétimated to be 1 second
r .00028 hour Also since the traff1c on Sundays is approx1mate1y 80
/per cent of that of other weekdays, we d1st1nqu1sh between Sunday and

other weekdays in _pur mod1f1ed formula for H3, which is as fo]]ows. -
s K . ’ \ . K )
H, =313 ¢ .00028 ADT, + 52 ¢ .00028 x .64 . ADT

3 k=1 k k=1 :

For the -GNR and Southern schemes, there is anather source of time

4

saving which must be consfdered,'i.e.,'changes in rail traffic. Some

N

of the level crossings will remain as a result of one or both of the
schemes. However, the train traffic at some of‘these,crossihgs would be
changed due.to the relocation of the main railway ldines. Based on the

tdstimated changes in train traffic we have calculated: that the daily and

.annual_vehicle hours saved from this source are’ as foHows:14

b

3

]4The change in train traffic at vdrious crqssings is summarized in
_the following table. These estimated changes“dre based-on comparison of -
~ the number of daily revenue cars generatéd- 1oca11y an?.the number of -
. through tra1n cars , .

& o+
° - —
«

Train Traffic

- Subdivision Crossing Number Change :
Southern scheme _ L
‘Freights Dtindas (1) to (7) " reduced by 9/10
trains: | Strathroy (11) ' reddced by 9/10
: Thorndale (15),{(16),(17) reduced by 9/10
' “(21) reduced by 2/3
Talbot (22) to (31),(36)" - " reduced by 9/10
Galt (39) to (48) . reduced by 9/10
. Windsor All level crossings eliminated
. Interchange , none .
Passenger relocated outside-the city . ¢
trains: o - b
. (footnote continued on next page)




Southern - Comptlete

B —— e

41.4 ©102.1 0
14,336.0 35,355.0 0

]

The figures for tofal_annua] vehicle hours saved from the various
sources under each of the.relocation schemes are shown in Table C.2.
We convert vehicle-hours saved into man hours saved using the

15

information in Table C.3. The man hours of travel ¢ineisaved per year

for the three relocation schemes are: ~
CNR Southern - Complete

Passenger auto - 64,028 - 65,304 - - 87,278
Passenger transit 15,930 14,892 22:170
Commércial vehicle 12,280 12,525 . . 16,739

o

. : - Train Traffic
Subdivision Crossing Number Change

CNR SCheme

Freight Dundas (2) to (5),(9),(10) increase by 14
trains: . : ~ . trains daily

: ) (]):(6)’( )3(8) ’ none

Strathroy SRR * none

Thorndale’ (15),(16),(17) reduceqd by 9/10

. Talbot ‘ (22). to (31),(36) reduced by’ 9/10
Galt = - (39) -to (48), reduced by 9/10Q
Interchange (52) to (58) . reduced by 9/10

Passenger No change .
trains: : :
.-

-

3 ) ’ ' / . 4
JSTransit driver man hours are separatedlfrom-tranéit passenger
~hours and are incluQed in the commercial truck category.

(] ’ T
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c.4 Esti@aiiggfthe Savings in Vehiclke Operating Expenses

» . -

°

"Vehicle operating expéenses include fuel and o1l consumption, tire

[

wear; maintenance, depreciation, etc. Based on the results of a

16

Highway Research Board. Study, - we have some information (which is

presented in Table C.4) on fuel costs of idling and extra Qés, tire ;'

wear, 0il and maintenance cost incurfed per slowdown speed change dyc]é.
To estimate G] (idling costs), we‘assume'that 80 per cent of H

‘ 17

1
are paséenger auto hours and the rest are commercial vehicle hours.
. - * n

Multiplying the annual savings in passenger auto hours-by .48 and that
of commercial vehicle, hours by .54,.we obtain the annual sé?ings in

gallons of gas for not undergoing the 1d1ing process at level-

. 18 ( e .
crossings. o L .

e

To estimapg/eg/ﬁe again assume that 80 per cent of the ‘vehicles
stoﬁped at level crossings are passenger cars and the rest a;e éomﬁercial
‘vgbjgles. We multiply the number.of vehicles stopped by the appropriate

value in Table €.4b. Savings in other operating expenses are’caTEdlated

-

o

‘e

by multiplying the number of_passenger and commercial vehicﬂes-stppped

» by .33 and .49 respectively.

o ‘ “

«

»

%" ”

.
s . - .
- o
.

16National Cooperative Highway Research Program Report II}’(TGZ).,
] “ , ce . ’
}

7Based on the Margison and Associates (154) study. For Canada, -
the number of passenger autos registered is approximately four times

the number of commercial vehicles registered. See Statistics Canada .
(177).,.The same ratio holds for London. T, -

‘ 18H1 consists both of idiing time and decelerating time. 'Sipce the

" latter is a very small portion of the total (probably in the.same magni-
‘tude as H,) we do not separate it out in our Galculation. 1In -other words )

Hl.is"assumed to be all idling time.

-

<
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' TABLE C.4 | .
. . Vehicle Operating Expenses
(C.4a) Idling Fuel Consumption Rates A
‘with Vehjcles StationarydsP - P
Type of car . S, - Fuel Consumed (EPH)

Composite passenger auto

Commercial yehic]ed
. Transit (bus) : o .55

-~
-

- o

Pl

(C.4b) Excess Gallons of Gasoline Consumed
Per Stop-Go Speed Change Cyclé
}

»

<

’ DPuration of Stopped Delay =0

Composite auto - - ’ .0068
Commercial vehﬁéle ' : _.0113
/) ' )

o . -4 -

(C.4¢c)" Excess Gallons of Gasoline Consumed

“Per-Slowdown Speed Change Cyclel o ~ <.
- . j\Tr ) o - . R “ Lad
. Composite auto =~ - . .0028
Commercial vehicle ' L0064
. . ' . N -, . -
@ : ﬁ »
’ " ' ] »
L . A (continued)”
R%ﬁ\;“;“i‘ﬁ“ I . - D
] \\‘\‘
. v / N



r . < - <

TABLE C.4 {continued)

C

(C.4d) Excess Tire, Maintenance and 0il Costs ' :
Per Speed Change Cycle (cents)
W - -

Composite Passenger . Commercial Vehicle
. ) ' : .Costs/ Costs/
. , Costs/ 10 mph Costs/ - 10 mph
: . - stop s1owdown step 1owdggg—»—~f’

‘Tire ' 20.-—-—-——————-"06’// .09%"

- Maintenance’ 2 .04% BT C .06¢

019 .009 .003° .08 ©.005°

Yo. 33 a0 .49 .16

Source: Nationé1 Cooperativé Highway Research Program Egdﬁrt 111 (162).

¥

. s ’
Notes: qResults in U.S. gallons have been e@nverted into Canad1an
gallons by a factor 5/6. P °
: bA]] speed changes assumed to %hange from a normal sbeed of .

20 mph.

“The composite passenger auto represented reflects the following
vehicle distribution: large cars, 20%; Standard cars, 65%; "
compact cars, 10%;-small cars, 5%. ' The per cent of compact and
small cars will probab]y increase in the future, o

dCommerc1a1 vehicles refer to two-axle six-tire truck . ’

eAssumgg fiqures, based_on information- given in Tablgvc.4a-C;4c:
. : fIq;]ude brake shoes and lining costs.

Irice per quart assumed to be $1.00.

r
©

A

]




e

To estimate G, w& employ .the followin

0028)( 35)[ 82 (gk - sk)] passenger auto

$(. 0064)( 35)[ 18 (gk k)] commercial vehicle

»

Other operating expeQ§es:

y ' $(.001)[.§2 (ék - sk)] ’ passenger auto
$(.0016)[.18 (gk - sk)] tommerciaﬁ vehicle
T,

where gk the-ann ngmber of cdrs passing crossing -k and sg‘is'the
3 SN
o annua] umber of cars stopped by train at crossing k. )

The estimated annual savings in vehicle 5peratinb expenses for i
the three schemes are'shown 1n TabTe C.5. The pri&e of gaso]ine is
assumed to be $.35 per,gallon and ‘that of oil 1s $1.00 per quart 19
It may be noted that—ﬁa\waslfound to be seyera] times as larpe as *

G, or G,. This is because the number of cars slowed down far exceeds

; f the number of cars aq}g%;lxxstbpped by trains at the Croésings.

c

However, the extra operating costs “incurred for slowing down and speeding

. . ’ . ' e TN .
up.again are close to those incurred in stoppina a-vehicle.
A

-

]9The retail pr?te of gas in 1972 was ‘around $.54. Since the sales
tax on qaso]1ne in much higher than most other commodities, we assume a
price which is net of part of the taxes. The sales taxes (provincial

,and federa)ﬁ were approx1mately $.19 per gallon in- 1972.

R d

-» o

»




w

[

3 - .
! : > '
e0p'0LL  “ITz6v | 609'6L 67622 | S6v'e6 0702
6.8°69 87102 | 8¥0°82 0°18 02€°6€ G720l sasuadx3 -
. . ) 43430
1819, . 0°022 2vs°0¢ 2°88 LEV*8E 0" LLL sey .Mw
92L°8 AT pISt L LLe v66°9 2’02 sasuadx3y ¢
: 43430
ols'9 g8l | 609's .29l | w6l's o5l | ses %
LOL°6 £°9¢ 598, 872¢ | GLEfL €1 |. ~ seg ,Pw
lenuny  Alyeq | tenuuy  Apeg | g £ Leg
939dwoy . uaayinos Ny -
> 4 m.]
o (sael|op)
sasuadx3 buljedad) a{dLy3p |enuuy pue Klteq uL sbulraeg R

‘e

§°0 314vL

9

t




- " APPENDIX D o,
ESTIMATING THE VALUE OF [AND RELEASED - .
¢ FOR REDEVELOPMENT

6 -

-

f t - According to estimates made by Deleuw Cathér (34)), the number of

acres of rdilway prpperty reldased by the CNR ane Southefn schemes dou]d .
. »be 395 and 455 respective]y However their estlmated va]ues, $5 5 and
/$5 8 million,’ are based, on the va]ue of released yards and- fre1ght shed
o areas only. No va1ue is Jss1qned to railway rights-of-way. In Tab1e
¢ D.1 we show the areas included and thegun1t land prlces used in the
DeLeuw Cather'study It 15 cﬂear that on]y 190 acres‘pf 1and in the cere
of the urban arga are cons1dered and a un1t pr1ce ‘of '$30,000 per acre is -

.

3 aSSumed for most of the 1and . ' T, ! e
4

In Figure D.1 we- present some land sale prices (per square foot)

‘ 1n LondOn dur1ng the per1od 1969 to 1973 Mdst of these wdu]d'represent .,

| res1dent1a1 1and‘prjges. Compared wath,these or1ces, gﬁe uhit pr1ce ©

IA 'psed bv\DeLeuW Cather ($.69 per square foot:¥br most of the land) seems °*
Tow. However, the price a55umed by Deleuw Cather may st111 be

,reasonable because the release of all railway Tand cau1d depress_the
kmarket)price somewhat- ‘ | . T

' The neg1ect of released ra11way r1ghts-of -fay by the Deleuw Cather
study would probahly mean they have underestlmated the benefits. These
r1ghts -of- -way are probably less va]uable than the yard areas because &f
their 1ocation and narrow shape, but they are far Srom useless cn
>order té'estab11sh the upper limit of the va]ue of the released’ 1and we

¢ - shall’ 96 to- the other e;xreme and as§1gn a db11ar yalue to a11 re]eased

°'

]
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righf;iof-way. The veTUe:of eéch piece of thelreleased'rightsppf-way
would be ‘assumed to equa1 the‘value of nearby 1and. 1In Table D,2, we
¢+ . show the area of the rlghts -of-way to be released  and the assumed unat

1and pr1ces: In the absence of grade separat1ons, ra11ways share ;

e

rights-o%-ﬁay with road transport We assume that on]y 80 per cent of

:the r1ghts of -way re]eased ‘would actua]]y be ava11ab1e for other -uses.

A~ '/o - s ® ‘
‘ The est?mated va1ues~of the released r1ghts of -way (in add1t1on

to that estlmated by DeLeuw Cather)~for the three relocat1on schemes .._
¢ ~‘-‘ ar‘e; . I 4 g | 2 ~' ' ‘ .‘ .J n

¢

L | ' CNR . Southern ._Complete

2.43 a4 503

e -The above est1mated va]ues ‘may be. added‘&o those of Deleuw Cather fi ',
- 'v“*,;,w ® ae
"n -

‘L L to estab11sh the, upper bouhd of‘the va1ue of the’ releasgd 1’ed ﬂé& hf

. <
‘e .

. are: . e ' o ', . s
. » * ,‘ . o .

.- CNR - Southern ! Complete

;o 7.93 . 1026 .. L13 - .

. . ,
LN . . ) . R -t ; '
@ . Y 4 - . ) - B -‘
. R . . . R ;
. o ‘I . .
e . . } * . . o\
- ¥ 5

ot ' We average the two extreme values to get the- m1ddle vaTue,_

kY

i €5 ¢
+ name \1 ’ . C o e w
: Y: | o | 2N

CNR __Sauthern __ Complete  ,~
672 o803 . .86 "
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APPENDIX E . -

93 . : . ' . ’ . - ,
RAILWAY EXTERNALITIES AND RESIDENTIAL
PROPERTY PRICES '

.

In this appendix we present a regression model of the determi- . .

. - . » ° v . .

v nants of resddéntial property ﬁrices Our main objettive is to find out
whether and to what extend a ra1]way reduces §ale prices of resident1a1

propert1es Jocated in its pe1ghbourhood. we/é1scuss in tuwn data.and

-

sample, specification of theﬂmdde],‘and empirical results.
5.\ . .

E.] Data and Sample

i 7

. Our sample cons1sts ma1n1y of sing1e family detached dwe11ings
However, a number of multiple-family dwellings (dup]exes, tr1p1exes)
"'are 1nc1uded as we]! The latter represent approx1mate1y 15 pet ‘cent
of the tota] sample of 285 observat1ons .

A ' " The pr1nc1pa1 source of data 1s Multiple Listing Service (MLS)
sheets from the files, of several real estate firms 1n London. I The .
.follow1ng informat1on is normally avaj]able from MLS sheets.'for eaeh
property sold: !i) address of;the property; (ii) pﬁysiEa]lfeatures
“such as éty]e, type of siding, number of stories, age, lot size,

| eymber end size ef each type of room, gprage,‘pavedfdr1vewéy, basement,
type of heating, etc.; (111) asking pE1ce and‘dewn payment requirement;

- (iv) financial terms and mortgages; (v) assessment and taxes; {(vi)

actual sale price and date of sale as recarded by the ree] estate firms;

* - Tpublished by Middlesex Real Estate Board. .




.To obtain distances from railways, each ooservation'was .

©

'iocated on city land-use maps and the distance‘was measured in 100 foot

“intervals. , B : . . o
Since we are mainty interested in finding the'relétive:prices

of propertie; Iocated at different distances from the rai]ways: the

most -séitable-data would be’cross-sectional rather'than time series.

However, thqldata us€d are both cross-sectional and time series,

- & »

covering a.period of six years from 1967 to 1972. The main reason “for

-

using “data from six years is. to en]arge our samp}e size.

” o

&

* Instead of taking a random sample of a]] resident1a1 property

sales 1n the c:ty, we selected four areas*w1thin the c1ty for stqdy
(see Figure E. 1) There are two reasons for th1s approach

First, propert1es which are far from the tracks will ‘not be
affected by ra1]way external:ties and hence: need not be *nc]uded 2

&

The tnclusion of.these transactions might create unnecessary statistica]l'
“noise " In our sémp1e the maximum distanceabetween traok and -
property is about 1,400 feet. In Tab1e E. \ we.show the frequency

. . d1str1but10n of our observat1ons according to distance from ra11way ~
track. -

‘ Second, inborder to isolate the effect of railway facilities on
property va]ues.‘other locational and environmental variables are best
kept constaﬁt By se]ecting a samp]e of given size from a 1imited
area, we minimize the number of explanatory variables required in the

. ' regression equation.

.~ ,
2Tests of the data indicate that. railway effects reach less than
1000 feet on both sides of the rai]way ‘

l"\
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«  TABLE E.N

DistanEe from Railway

Mid-Point of

Distange Interval Obsgg;ag:ohs
(ft.) |
50 37
150 39
250" . _ a6
350 | “ 35
450 25
550 22
650 16 -
750 30
850 ° 7
950 17
‘ 1050 5 1
1nsp < 4
: 1250 1
1350 1

285




4

Table E:2 presents some of .the characteristics of the four.

chosen areas. All areas are primarily residential- in use. “Some

commercial and/or light industrial activitibgsére'present in areas 1),
‘ . ‘ , | L,
(2) and (3). Area {4) has the highest average income and ‘average

pcdperf&'value. Areas (1) and (4) are relatively new in comp®ison with
) VS

.areas (2) and (3).

v
4

E.2 Specification of the Model

We hypothesize that the price of a res1dent1a1 property is-+a

funct1on of the character1st1cs of its structuré, 1ts lot and its

-

ne1ghbourhood. In additien, characteristics of the ex15t1ng mortgage
./

may affect price. Also, since our data span a period of six.years,.

account must be taken of the change 1n property:prices over time,

Anéther vari&b]é which may also he included is property tax
assessment. We, tried this varjab]e‘éithout success. This may be due
to the, fact that London is a relatively simall city under a single
municipal governmentl3 - The tax variable will naot be discussed in the

rest of thjs appendix.

8

For empirica] testing we specify our model in two basic forms:.

o + oo+ L.+ '+
(1) a, alx] azx2 ‘anxn e
. - ; ¢ -

(2) Ln P = by +byLlnxy +bylmxy+ ...+b Lnx. +e.
wherg‘P,1s-€he-saﬁh.pfice of-an indiviﬁud] propérty, x],...,xn,aﬁs

-

3See Waley and Wiens (120) and Edelstein (93) for the rational

for including the tax variable and-also their empirical findings.

4
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N , . 230__/
independent variables: e is the error term, Ln is thé hatura] N ' e
logarithm of numbers, and a 031" \\:a s b b],.. b ‘are coefficients
to be estimated. | T ; v

- A Qr1or1 we cannot determine wh1ch -1f either, of the specifica-
t1ons represents the true relationship. Both forms have been used tn
prev1ou§*stud1es 4 We shall try both forms and some other spec1f1ca—
tions as:weH]. We turn now to the spec1f1cat1on of each of the ’ ;\ ot
variables in our regre;sxoh modeg 1. ‘

¥
A

(a) - Dependent variablé

Thevdependep; variable is the sale price of an indiv¥dual
R B .
‘ residential property. "Since we want to calculate all benefits and

’ ’

, . ' 1)
costs in terms of 1972 dollars, we employ a house price index

developed by Davies and Jackson (89)| for.london ta adjust all sale
\ o

prices to 1972 dollar levels. Congeqbeﬁt]y, we do not include a

separate time trgnd as one of the 1ndependeht vahiab1es:5

4,

- ¢ " ' Both Linear and Log -
Linear Log * ~ .or Combination .
Brigham (85) Anderson and - Grethefr and
Crocker (81) . -Mieszkowski. (101)
1 ‘ . - )
Ridker and . ' Emerson (94)
Henning (115) . ..
Wabe (66) '
" Richardson, - T . ' 3
Vipond, and , - \ ’ Y
Furbey (114) J o ‘
5

We have tried a separate time trend employing the monthly housing
price index. for‘Canada. The results do not change appreciably except

that the magnitude of the coeff1c1ents est1mated changed In this case
v ) o ' e

w




(b) Structural variables ~ .

The structural véridb1es included are: age (number of years

since, the house was built); number of rooms (inc]udiqg dining room,

11Ving robﬁ, family room, bedrooms q.d kitchén); number of bathrooms;
recreation ro%m (dummy = 1 if tﬁ/ihouse has a*f1n1shed recreation room
in"the basement); basement (full =1, half = .5, none = ),~ndmber of
storﬁps;lfireplace (dummy ; 1.,if the house hés one or mere fayep]acés);
'nﬁerr of dwelling units (dummy = 1 if.the house fk‘sfngle detached,
dummy = 0 if duplex orvtriplex)' garagg.(dummy = 1 if the house has |
either detacheq ar attached garage) .type of siéing (&ummy = 1 if,h

stone or br1ck) -

.‘f «Ne expect most of the structural vargables to be p051t1ve]y

related to sale pr‘l>. The age var1able 1s likely to be negatwe]y
C

related to sale pri except in the case where older houses may have '
. ) .

better‘1andscapin§ (we do not 1nc1ude this var1ab1e) and better .

. 6
construction.

3 N

~

(c) lot—re}bted variables

. Five lot-related var1ab1es are con51dered lot size (square

feet); corner Tot (dummy = 1 if it is a corner lot); distance from

~

arterial road (dummy 1 4f a property is within 3 ]otg of an arterial -
T . , & ) A R
k 4

-

-
-

. ' N I 4
the estimated values would be some kfind of 1967 - 1972 averdge dollar
values which are not suitable for our purpose.-

]
-&©
6Some rea]tonﬁrhave suggested that the average qua]1ty of workman-
h1p in construction in London declined after about 1967 or 1968, e. .9. 5

of cheaper materials such as-plywood instead of hardwbod for
f oors, less wood per house, etc ’ . . -




réad);.vo]wm§4§1 rail tra;fic on nearest réi]way (numbler of trains per
day); and distance from faiTway gin units df 106 feet) 'Ai1 of the
properties are connec;ed to the c1ty sanitary sewers and none of them
use septic tanks. Data oa other lot';elated var1ab1es sych as |
‘landSCapfng and frqntage are not ava11able.‘ ‘

ﬂe expect lot size and distance from rai]way to be bositive]y
related to salé price Volume of rail traffic 3nd d1stance from
arter1a] road are expected to be negat1ve1y assoc1ated wrth sale pr1ce 5

The sign of the corner 1ot variable is ambiguoy9.7 *

(d) Neighbourhood variables

e

Each 'of the areas from which observations were drawn is fairly
uniform Rith réspect”to neighbourhood variables such as population %
density, distance from employment centres, average income, and publig

services. Consegqyently no neighbourhood variable is included in the
. . . - : e

" regressions for fndividual areas. However, when we combi s;rvations
. W

n C .
for all* areas and~run one regress{;n, area dummies are used.

-

4

(e) Mortgage variables - L

-
v

Ifaa property has a 1ar§e; open, low interest mortgage, it ‘

offe?s some fipafcial advantages: The'preseﬁt diséounted value of }he"

patential saving in ingggg;t payment fulithe bdyef is approximately T
S = ‘2 EIE_:_:EQEHQU .
- t < ’
t-C ; (] +h) .;( ) ° . '
. > ‘ r
L ; . ‘ .. ..
o 7In an area where commerc1a1 activities are a11owed a corner lot

may command a positive premium. However, in a purely res1dentia1 area,
.this probably would not be the case.

4 . 7
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PR T ' ’ " 2:3v

.o, . | W .
L where r_ = .;ﬁserest rate‘pn hew‘mortgages at time of Sale (t=c3;
’ ';m = cinteresf r}té on iﬂe existing mortgage; :/
S, lF' M, = outstanding mortgége at time t (in dolﬁers){
>, i ’ 6 = buyer S annuak d1scount rate, angd .
A ‘ N - year'1n wh1ce ex%st1ng mortgage will be‘pa1d off.
- ’ P N . .
. o In ‘our regression equétJOn,zwe use S| ='(fc - rm)MC as, a proxy for S
" ~since we do:not have data on.N or h and ‘the only value of Mt‘wé ﬁave:
.,\\}§ Mc.' We expect Both S and S“to be positive}x related to sa]e‘EFice.
.- S : R
(f) Altarnative specification of some variables "
Con S In~specifjcation‘11) above a linear re1at10nsh1b js assumed

A\

-for 241 variables. However, for the variables "@ge,” "d1stance~from N

:réi]way,f and ”1dt—sfze,“zit was h;bothesiéed that’ Qhe re]atlonshqp
with the dependent variable wdu]d-]fkely‘hp non-linear. Thus, 5n_
-\ v L o

addttion to specifications (1) and (2) above, non-linear (quadratic)

forms of these_variables were. tried»in the otherwise linear regressipn.
. ' b .
13

3 . .’ ’ : ‘ . ‘ . *o ﬁ :
‘" [ E.3 Empirical Results

- 5

- u‘

The regressién results are presented i Table E.3." Most of the
»

variables have the expected s1gns and are 519n1f1cant1y d1fferent

~ from zero at the five per cent 1eveT We shall discuss the requts i

re]ated to-the . two ra11way wvariahles but not those of bther variables .

—~—

s1nce the latter are of no interest to this study., ‘ .

The d1stance from railway (DR) var1ab1e is slgg1f1cant at the .
'1 ' f1ve per cent level and has tpe expected 51gn in all threé forms of

ﬂ

funct1ons tested. The estlmated coeff1c1ents for the pooled sample of--
LS - 4 ~
285 observqtions are as’ follows: o . o
[y ' coe, ’ * " ' - . ’ 4

» ' . v




(a) P 4217 DR+ L. co o g
(2. S R
) ’ oo % : APy . » - .

. r ©L - . , ' y
..+ 588.7 DR - 35.4 DR + .. o .
(239.9)  (21.1) - S

N " . 4 ! s

o

~—

o
1]

...+ .052 1In DR + ... -
¢ (.014) i s . :

, | S *. \
." - The figures in brackets.are standard errors af the individual coeffi- L

—
o
—
—
2
~Q
f

. ‘ o : S . 2 Y
N c1ents' A11.these re]at1onsh1ps show that, other things equal., resider-

t1a1 property sa]e pr1ce increases with d1stance from the- ra11way

-—/ " The linear and log. forms do not 1nd1c;a'te~ where raﬂwﬁadverse

. -

effects on property va]ue‘yould terminaté. 'However the quadrat1c -
i

form seems to indicate that discount in sale pr1ces;term1nates=around )
800 to 900 feet froﬁ‘tbe_ﬁailway track (see colufmn (2) of Table 1V.6 in
bChapter' IV). Unfortunately we have only a limi ted number of observa-

tions beyond 900 feet from the railway. Thus we cannot run separation

regression equetioﬁs.for those observations which.lie beyond 900 feet - .

L “ from the railway to test the significance Of'thejra1‘W6¥ varfable. ¢ - ¢

However, we did the f511owin§ test we se1ected the 28 observatrons
which lay beyond1900 feet .from’ therra11way and. found the1r estimated e

. - °

sate” pr1ces based Qn the assumpt1on that they were’ 850 feet from the
. ra11wa&c Me compared the est1mated sa]e prices w1th the actual sale ; ) N
N pr1ce$~(ad3usted t911912 do]lqrs) Gur hypothes1s 15 that if railvay
\"externa1ities terﬁinate'around 850 feet, from the ra11way, the est1mated
sale prices’ should not be s1gn1f1cant1y d1ffe?ent from the actual sa]e _
* prlces We employed ‘two tests. The f1rst one is a simple t test of .. 4
_ the d:fference of fwo means Ihe,ggcpnd one 15."corre§ated,t test,"

- *

comparing each of the 28™Nairs of aétuaj‘and estimated séle prices. In

bed : . hd
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sampies we find that this variable-is 51gnificant at the five per cent

" the .independent variable is either linear or log. (ii)’Form (b)

* -

‘ : - . | 244,
eeEh ca¥ e feund no Significant difference‘between the actual and
estimated sale prices at the five per cent level. ‘ ) ’ '; iy
4 . When we test the distance from rgiiway'variabie with sub- s

]evei and has the expected sign in fhree of the four areas It'is a

-~ . -
bit surprising to find that this variable is not,31gnificant in _
Area. (4}, which - is a relatively high income area. A closer Took at this,
area Suggesfs why the properties near the railway may not be aﬁverseiy

affected. In this area, most of the tracks are buried in cuttings and o

are fenced off. This reduces the unpieasant nOise "and v1sua1 impact of
tﬁe railway considerably. In the other areas, this is not the case..

. It is not easy to choose among the three forms (linedr, quadratic

and log) sipce each results in a fair number of sianificant variables

'end a fairly high multiple EOrreJatibn coefficient. We shall employ

the estimated coefficients of the qqaeratiq form (b} in deriving'the
value of environmental imﬁﬁqvemenf as a result of raiiwgy Feiecation.° ,
foe.fhe following reasons: (i) tﬁe distanée‘from railway yariab]e ig
eiioﬁed more freeeom)fo show Tts true reiationship,yith the-dependent
yariable under a qdadratic form thén-ueder eithee a. lingar or a log

form. Hence if the railway vgriable turns out to be significant :under

e "freer" form there is no reason to assume its relatiomship with

[}

performs slightly better than both forms (a) and th) in terms of the
number oi'significant variables and explanatory pewer. The volume of "

rail traffic variable is not significant in any formsréssumed
. ’ 4‘.

7/




(Equations (c,d,i,k) in Table E.3).%

Equ&tion (e) in Table E. 3 specifies the d1stance from Pa11way
variables in a d1fferent manner. [t was hypothes1zed that the discount
in residential sale pr1ces dl& to railway externalities would be on a

. per square foot of lot ‘15 rather than on a per lot basis. To test

this hypothes1s we speciMed the equation-as follows: P

245

f * ’ " . . .
( ) ,_\(/; =a+ ...+rlS+ ..., . .

S~ A

where P = -sale price of property; - .
4 ¢ A _e
a = constant (servicing cost, etc.)
. : r = value per sduare foot, which depends on distance from
. [~ S . -
railway (DR) according<to”a quadratjc function such as’ .
<:?“ ‘ . r=cy *c, DR+ cy DR” where ¢; > 0, ¢, >0, ¢4 <ZO, and

= Tot size (square feet).
Thuk, the regression to be estfma;ed would be:.

I

-

P=a+ ... +cLS+ cyLSIDR+ oy LSHDPY & .

Our regrassion results show that LS and LScDﬁ‘are=significant at the -

five per cent level. However, LSoDRz‘isifzund‘to be not signffiéant at’

the five:per\cent Tevel. » ) |
Siﬁce 0 sampfe consists of bofhyéinglg—detached and -duplex and

trip]gx‘dwg1ang s we ran regressions with only sxngle detached un1ts

}
The results do no ’f1cant1y from those with both types of

’8For an explanat1on of why this variab]e is not srgn1f1cant see
section B.1.5.e_in Chapter I\,

- =8
1

bl
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# ‘dwellings (see Equation (f) in Table E.3). ° i

As-an.alternative’ to adjusting all sale prices into. 1972

i .

dollars, we entered a time trend (the London ‘housing price index
. v - -

constructed by Davies and Jackson-(89)) as 4an indepéndent variable.

The results are 1'i1ustrated in Equation (g) in Table E.3. .Fhe time

©

trend is s’igniﬁ'cant but ‘there is no important change in the re_;uj,bs\\
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"« - IR ;APPENDIXF'

s

- o ESTIMATI&G THE SAVINGS IN RAILWAY = ; |
L e o . @ REPLACEMENT.COSTS ~ -~ R

hd [ | ¢

, .
. . *
-
~ .

- rl

FAY

. Table F.1 shows’ the asswr]ptmns wh1ch we use to- derlve somevw . ’
o\ =Ty

" est1mates of savings m‘, future railway’ rep]acement costs as a result of

L \ + - - L -

railway re]ocamn Wg shall use one- examp’(e to’ 111ustrate our

methodo]oqy QTh1s is doné in Table F.2. ’ o | ! *

[ 4

' i ' The Savmgs estlmated 1n' T!b]e E 2 1s based on. the assumptaon

that the 1n1t1al cost of rep]a?ehent 1; $1. ﬁe initial costs of

: ' : rep]acenﬁnt Of certain raﬂway.facﬂ'thes and structures estimated by ’ ’
N . . hd
hd ;l!
4

LUTS f’,or,the CNR and_Southern sc?emes are as foHo’ws (in $1000): .
. ’ .V;.j:aw: . » . (A) U ‘(B) (c) » ,
. el .- | Main tracks - Yard.tracks/ Buildings,
I ‘ s and turnouts = . c. . bridges, etc.
LT m - 3,500 600 " - 9,235 T =
- Southgrn 7,038 . fa38 .. 717,187

) . L e . . o
,':{' ' ¢ - ! - . L] ! . . - (\f
5 . - . .

M —

. '
2N - . @

As indicated in Table F.1-we assume.the ¥ife .expectancy (in years) of '

y the above i'tejws to be ag follows$# - (A (B) 40, (&) 50 .Mulhp'lymg‘

l

these replacement costs by thg appropr‘iate }alue in Tab]gs;’ 2 we o}}d/n‘r; )

the present discdunted- .va]ue of savmgs in future rep1?c nt costs

For examp]e t.he 1mt1a1" repJac.ement cost ‘0'7’ main tracks Urder the 2

Southern schéme 1% $7 138 000 Iﬁ theHaVerage age of ex1st1ng mam A !

tracks is 10° years then rep]acing the tracks now wou]d reaJue a savmq

-~
-

of $(7,138,000 x .34) & $2,427,6007 The estimated savmgs of (A), (B,

dnd (C) are added toget:hen to -ghtain totai savings uhder each scheme.

B (24
’ . Ve w
". e ™ .‘. 7 ) I \‘2"'7 LT "




TABLE F.1

——

Assumpt1ons Used in Der1v;ng Sav1ngs

.~ in Replacement Costs

-

Length of planning period imyears: (a)«30,7(b) 50, (c) 100.

T

4
2

Life expectanéy 8f railway fébilitigs and structures:
. {A) Main tracks - 20 years . '

(B) fYard tratks and s1d1nqs - 40 years

OC) S1gnals, bu11d1ngs, grade separat1ons br1dges - 50 years ’/

Age of ex1st1ng facilities and structures 1n years:
| (R) Ma1n tracks - (a) ( ) 10 (c ) 15
‘i . (B) Yard tr@qks‘and-s1d1ngs,y (a) 109, (b) éo,'(cj 36”
(c) &Sigh51s,)etpi - ;a} 155,(b) 26, (c) 3

The do]1ar cost of future rep]acement is assumed equa1 to.present
rep]acement costs, i.e., C = C =2 .
_ ~ rr

Except the salvage va1ue of . the ex1st1ng facil1tres, the present
worth of future gglvage va]ue of Ta11way structures is not

’ cons1dered s ’ . /,

Discount rate {% per angum) is (a) 4, (b)'7, (c) t0.

' S




“Rinfiaed Yore uy

{4+1)
Lo joms ag 589y

W

‘29w|d ey phom Juamace{das eyl PO

. "1 = 3500 jJuawdde|das (e13gu ¢

(4+1) -
mquuLl 40 Wns ayy se pajena{ey (3)
2 - .

. - 3

ad (v43)u) 3 w4y sARdL e sIOWaq vy Jaquny  (q)
Tw 3w qunodsyp fsuKk QDL = 9311 309foug (¥) saoN
» : .«

P

v

4y’ A

8t ” " "

ShYs” 952"

"66€L"

e | . 2096 ‘/38. 288y

(59)°
£210°
{st)

(7

()
7900°

(s2)
- 2981"

[

* (%8)
200"

(s€)
SE60°

\

.(06) -
£200°,
’I »
(0s) (09)
6€E0° 210

(o1} . . (02)
£905° . vese

(0p)
. asho

(o€)
Ael

&

(98)
2e00°

. (59)
R Y4 U

(s¥)
PN

(s2) -
Wl

(s)
[TV

(56)
© L100°

{06)
£200°

(04)
800"

(0s) ,
6E£0° |

{oe)
lEL”

(o1)
- Macmn

(s¢)

2900°
Y
20207

(s8)
LE60°
507
Juawe 0N j0
;A WIS

(5)
y29¢°

.«
. -

. {sg)
z.::.

$-
U glael),

(st),
o)

toe) +  (02)
(oo (ae)

© us
)

}
e,
1

L1
—u

(0s)

5 173
e 4

{ot)
(4+1)

Tl

pu

(ov)

* . (st) (ot) ey ‘og—”“"wwrww-wg
JHet) b (uel) (ael) (4+1)

11 bs 5 -bs blval

oo " ¢ P
) 32F .

~

P

‘ é
foudydadny a1y

.

»* «

#1590 JudwIde|dey Aeniey Lk LE AT sbujaesg

: T4

’

1avi

o




APPENDIX G

GRABE SEPARATION CAPITAL COSTS

»
SCHEME “C* -- CONTINUOUS STRUCTURE |
OVERPASSING VORK ST., CNR TRACKS & BATHURST ST.

1 - CONSTRUCTION cOSTS ) L

"

(a) Structure and Approaches:

farth FHT - 23,000 cu. yds 9308 $ 18, 400.00
Sodding of side slopes - 2,000 5q.yds, @ 900. 00
Structure and Foundations ..., .....ivviirerianeiianns 375 740.00
Granular backfill at structures - 850 tons € 1.90 .... 11,115.00.
Guardrail on approaches - 900 lin.ft. @ 2.50 2.250.00
Excavation for reconstructed pavement - 3,200 .

cu.yds. @ 1.25
-Concrete curb and gutter - 6,800 Tin.ft. @ 2.00
Granular base course, Class A-- 8,450 tons 8 2.50 .
Crushed stqne upper base course - 3,300 tons @ 3. 00 .
Asphalt pavement - 2,760 tons @ 9.10 ..... Fevenanaaas
Storm drainage - 1,200 lin.ft, © 2.80 .,
Catch basins - 34 @ 180.00 each .............. FUCIN
Concrete sidewalks - 12,700 sq.ft. & 0,50
Asphalt paving on island - 8,700 sq.ft. @ 0.25
Dem]itiondof‘existing sidewalks, pavement and 3.925. 008

curd and gutter - L.S. ............ i eeteerrereea o 2925, v

.- e ' . , 499,5675.00

« (b} ptilities and Sundry Constrdction: . . T .

O 00~ AN e —-

Items 1 to 4 incl. and Item § - is in C ,
Scheme “B" $11,600.00

5. Demolition of Buildings ........ NPT | 51,000.00 . 2

o ' =T T 62,600.00

. 7. Engineering and Contingencies ..... ‘84,325 .00
. . - ‘ ( 146,925 .00
. Construction Total ....... $646,500.00

PROPERTY ACQUISITION & LIGHTING GOST

1. . B .

2. BUITAINGS ..ottt yiereneaaananaaa teeeiraiane ..

3. Lighting of Overpass and Approaches T R TTTTTI TS . L
. s . : . .00

Total Estimated Cost ....... .. $1,002,490.00

Sdurce:- Margison and Associates (156).
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‘ Dasqupta A K ., and D. M. ‘Pearce Cost- Benef1t Ana11§1s.
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