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Sy 9718 DIDI RIIND NINNIPRD MIRGIYN DY MaADannn mIpI1e a1 nmimnan
NI%AND N PNX 2271 NI3ibn 3nDa NIIRIPRD NINAYIY NINa L mMyoin biva
Sy Logit D7182 D01 MNIan 1t ANIN .Y AYanNn BN I33 WISHN 0 Dan)

.(Ben-Aléiva & Lerman, 198Z%) niy3p3y D119
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TON3D TTIENE AN €, DY MIYINA NYNPIIY

_ ‘ue‘ﬂen
(3.7) flep)= 1+ e 502
$NININTAN NYEPIIMY
1 .
(3.8) F (e, )= T+ e Fer

H >0, - © < g, < WD

:1{(3.6) n1wnb orNNaY INOn

I
e#(an'V.'n}

(3.9) P, ()= P(e, < Vi — ‘V,-,,)r—‘JI "

Y39 DY PPN NI3VINIUONI IN2Y NINIANDAN NI1YIDI DI8Ys by Logit STima ,mi%>
'On I1OR2 121300 L,N9730 TIIED LN12303905RN YW RISYINN wAsNa DY ISN 1Y wn
43971 Na57 LNI3VIIUON v DY 0DIva Na9%3 YIMad minanvan NN 338pn 3.2

. Y008

Ve~Ve

Logit 571n Sw 973 :3.2 'op 91N
Fig No. 3.2: Graph of Logit model function

Pearmain, Swanson, Kroes, Bradley, SP techniques (1991) :71pn
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Y019 2372 Yy van nbyinan Ve
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(1=5 n1Iv RIANUAN) NINTIIZ N2> 29N (BR3Y3 WISAn 10m Dawus X21) Kvne

L1273 NyIvaa

NIAR0AR AR YIIMY 1N MANIY RPUe1IpivTa AbyInaw 1113w L3R5 W

IM3IN 19IN3 83 1 NavpIIvbNa IRdY N VoW

1

(3.10) P (i) = ,
a (1) 1+e#B(Xjn'an)

oYNRToNnN nT*nN 3.3.1.2

T3>0 RIWAND O3RTPEN RTIBR LODTPRN RNTIBX 1350 5TINN N)ana 3vn 750N

L1UYIY RITONAN SY RYYINA NON¥PIIS DY ooanwnns INX D2 DY Inyovn X
(Pearmain, Swanson, Kroes, Bradley, 1991) minvin voann n3Dy nY0YP1 NNIN
NMAMIRN DR 13291 L(NI17B-n 11eR1) ANt ©YRTRBN YI0R1 5503 DIDIDIROY N

L3200 1n3) 5920 eI

MINIAIN NV NN OYRTpnn NTIBDN 19389 Oywnnwn Nay NYPDIYVDN AN1T3INAN

. (Ben-Akiva & Lerman, 1985) m5p>opnn
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AT

i narviedbna ana vasn ox

(3.11) ¥, = {‘0
Jj Marv199O83 ana vaosn on

321372 MaYenn 395 1 NAYITIVOXRA ANAY N VISV N IARDAR ,0%210%)  Bw nATo)

NN
- Y yju
(3.22) Py, (yu )= Py"*Pj,
AN MINIIA MIPIL L,D2PAY DXDAN DD Y3

N
(3.13) L = l—[ Pu (i)yin *Pu (j)yjn
n=1

TMIRIIN NIXPIA OV DOIANIIISD DRINAY NI NI NYLUBRY NI>nan

z

(3.14) InL Z[ymInP (i)+ ypinP  (j)]

n_

MWD DIDWIRD) B, 280 Witas mINYIN mEpIIa Yu S mropnn Tvn nx Dapb »1>

(DAND MY AIUNTIN NIt IN WD

(3.15)

dinL_ ZN ) dP,(i)/dB, .\ dP,,(j)/dﬁk}z

P, (i) TR ()

J21I0R opTPn K= 1,200k wnD odpYy) K-3 nmiNt1ien K odane

193pmn DTN 01303 Logit STinaw y338)
N
(3.16) Z(.yin—'Pin )(Xin_Xjn)=0
n=]

1195

N

(3.17) Zyin = Z Pi,,
n=1

NLOWI ONIND IVINBD (DATBN 29Y%) 1 RAUIT0OXI NTRAN N1 I113IRTA DIJD » DD

(Ben-Akiva 03782 n9n2a) 1 N33VITVORY DpYsn Y9085 N1 YN0 UHBH NINIIN
.(& Lerman, 1985
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IZXONLIN CTIDOAN 11D OIATROA NTIAR TIDAN L,NARIY NSYINT NEPIIG UND
127Y PT2I AEOVIN D922 WND ((3.18) ANIIWR ANI) 1I1D9T-1101%y ROOYD ONDna
1a¥ 111270 320 NIXPITION NINNIN MIPIIAN YY NMIITUNAN NITIIN) 0 YI19un Sw
TY = TEPIIAA DY DIVR NITIIN) NIYBIBRYR D7D (RINYAY  ODTPEN 029y
typdpon YO I0DINID 19IN3 AVID OIDYVIINA L (NIINWND 03233 OXBTPBA Ppd
5S¢ TN UKD 0NDB >XUIVINN TYYAnn . (Hague Consulting Group, 1992)

0RURD TIY DIAPD NINYIN RAXENIIA DXBRYTAID

d’mL  d%mL

(3.18) (a,b)= (a,b)- (dI"L dl"L) cgaz dadb
db | d°lnL  dZImL

dadb dp 2

MY MIDIN LnTRpnn AN NYTRINn GLIM, GAUSS 112 awnn MmN 1apn nIinsop
MpnaIs 223 MrEDY1R L0112 ,nipaon ALOGIT  ,BLOGIT 1n2> ni1»arssv

LOTIDN DY AnNOND 2291 0YNnTIpan

N132¥0In Logit DTIn 3.3.2

012100 DTInn DY 2U1a DARD 1300 N1a0IUDR YAY 30 DDIoh PN an NOpnn
MINAY ONRNA .N1392231329 NI23VII0ON DY 381D 1sDnpn 217 NSY[Ran v 1avY
NAXVITVONT DTINIAN NIIAND PMIIVDIND AAPNI 03 L 3IRIYAN NOpnA 12y a3

NIINND BI12%VITI09ND S a5y innm NY1T) 1 n20IvDRn NSYIRnY ni1aanea® Ny 1

MM YNan vol

(3.29) P, (i})=P(Uy > U ;)= P(Vy v >V +e5)
Pley —ey, <Vy =~V )=P(e, s Vie = Vi)
vjielC,
7IYNan N 805 insy (Ben Akiva & Lerman, 19853) miman n® vwad T2
N PI9 712y 1 N2009ND RYYINAY NYRATIY 11102 MR NTNas nynyivudian
WYDY N1IY NIdNAN YO NANN AR B3 Yw nbyinRnp any ATy noan
N130IM09RA DY HOSDYDPEN NYYIRND M ARI1TY 1 n2vInvbRn nYYIRNY N ITo

11291 Dapa N1ADARD MIINIPKD NINIYD L DIINKD

Via

e
(3.20) Pn(i)= P[Vm + ey 2 ??ax (V T € M= Zevjn

=

=
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Logit 2Tim» mi13tan 3.3.2.1

710> (Pearmain, Swanson, Kroes, Bradley, 1991) niasva 9311p Logit 5>7p
ALOGIT »m3171) 21520 79185 1nmiav awnpn n1iown® 4013 .9153%  nsond Ny

L5700 MANY NIBINN MIIONY L,00TNID BII3YaND HTInD (,BLOGIT

,

ITA (Independence from Irrelevant Alternatives) (1

1IN MIBI0M NI2>0II0OKR AV B¢ a1 nan nyyyaanen one ,@22I01 Va2 1Yy

S1T%YW RISYINND YOVID 11OXIT NIYNAN VD3 R3O IN0YRA 18DRa 19N

<AI3MAD VOB PBYITR NXOITWON OIPINID WKRI NDIPAN NIIINN OND PITIS 1R
youn LTInwn XS mindoaun NI330II0OR NV 13 DY NAn NIYI1SANDn Ons o

«BI23LI0OND YAV DIDN A52) A7t A7NAN YOD NPRIIAY NAODII0ONOY

.21 BEIG_BEG
ROIG EGIG

Vij e oC

DTINN NAdIY NIwrna (2

212WB ANYIND 1 AVIT0ORI NINAN DINANDNA 110WD NITIIA AT MIwen)

INAVITVORN MInwna

() _ AP, (i) Xipp _ dinP, (i)
g dXink Pn (i) dinX ink

(3.22) Efr =[1-P, (i)]X;y By

ONSIND 1 PAPVIIYSRI ANYNAN MINANDAI 13WA TIN1 NATIIE R3SIY R n)

tj na>vI058 Sv ninwna vi13vwn

dl 1
nPu(t)=_Pn(j)XjnkBk J

H#

(3.23) EXP,:(!'J:._
nk dinX
Jjnk

M1Y I3 L,NTINR nadiy Miwna n3n Logit STIm nN prpn m1on

SNIINNA NI32VII00KD DI DY DY D182 ¥rawd MM NAYVINUON S 13 3aNma
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121pn Logit 9TIn 3.3.2.2

. (Nested Logit) 131pnh 9Tipn 1330 Logit YT1in S¢ %1831 anx 10

HI3 ALNNN . NI 9% ¥NaANmI MIYBNAN  nN9ap TP9Nn X INND 131pPBA DTIBn

LOBIWRAN NUOMNA N2I10D 130 1Y NBAA DOSADNT N3I19N SnYa NN NIIWNIN
10%% NI23VIT0OR YOV MINSY  NTNan PR3 MmN L 131pBR STInh DnIn sab
vIbY 5510 DIYNAp VP 13 131PD STIDD O KDAIT LAYYIN S¢ 0 anivn 032307 n

3 oD YR AN (DAY L,PIIVIN L PUTH A7) MIAIVITVLN

DMy AaMmann *0I9 309

/N

namn DN

NINN NV 111PD DTIn DY NIND 3.3 ‘DR M1N
Fig No. 3.3: Depicition of nested logit for two levels

Hague Consulting Group, 1992 :91pp

INN N2PVII00NA oMK 91929 1003 1251 Mamvr N1 10D 1avn NadTDY YIAIvIND
VIONN ©IAN L, NIYYNan nSap TXONN DY MIIENIN BN JN¥I12%E AT1ANN NINDBH
DIV NPNA IN LN 1Y130Na IN3a OXR LN3T12Y A71Ann 12 »vaa 239 )0a
NI¥IDIN D189 MIXRDY COXRNHBD DTIEN IWROY ,77172 . PII0IRD Rada 12 7nay NID

Lmoepnn ndr TIA-D NIIon (1IR3 81w 2T7ipn Swnd) L,))1pn DTin XN
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V9 DR 129%D ENYAL AY2LON AN L (1981 oMY L )1%Y ~J3) NOBY DIYIoupn
PIYD TINA V19D S¥ IPON L0 YIAR 0YIRIDN INB DAY NNO31Tr 13Y203 Hyien

»0231032 023PD NIN 1901 03NBN DY ¥39un NIDIDY 1IN 13RIVIYS L 10p KIN

0309130 ¥ DI¥P319D 010D IWILD NYPIABN NINON 133 WPH AN IRND IR

IARAN (7182 NsbY oDy yYawnn
(4.1 Qx = D(I,Px,Py,Pz,...T)

TAUND

LX O¥IBD nvpIann Ninon Qx

SOBNRNY X,Y,2 0¥9¥3pD »ynn Px,Py,Pz
. 19980 noion I

212980 maTyn T

ON>3 30N X IXINBD IWPIAND NMIBON DY OPINNA DOXIXIBN >N Sy avawnn 1110
VIS NN DOXVRYNN O27900N 0*IVIN 132 NI1Nan N59550 PYIR LI%IBn 133 03
0331 (95NN DY XIN ONYA) ONID 93ONAD 1910 XIN 31391 TN IMIN P19YDY

S(NRS¥H DY pnd) 0210 TN PIAODY GNIYRA DOVHYND 0YNYOUN

VIp*an nnIpy 4.2

NYPIIDN NINON 122 MI2ND NN PAIRKDY IR AN NOIPII6N DIt WIpran nnipy
ony L 11%8-12) L03¥YI3P OINYY BIDIIIN M DD AWND 1T1INBD 033100 IXIDD
.{1981

ORI NTI82 YRPD DR RUIAD 1R nrunnn Ny nan

(4.2 Qx = D(Px I,Py,Pz,...T)



- 31 -

121D 2OV IODOPBA MDA 10D VTN TWPI 01 VIR INIpY NN 1330 1N

. (1969 ©1721) ILIDN DY Y IvH NIKD 113y Oovb
»T190 ON> RIA 19085 D310 13IBD AVPRIann  NIndn 1*a endn L9590 1173
f3TIN VIDIAN ABINY LMV 1IBD hYPIABD NIndH NDI1Y ANIDD N1 WND LIn1vs
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Fig No. 4.1: Product Demand Curve Shape
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Fig No. 4.2: Important Demand Curve Shapes
Stopher & Meyburg (19%73), Rl

Urban Transportation Modeling and Planning
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Fig No. 4.3: Price elasticity on a linear demand curve
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NN P10 paon L (SP- Stated Preference) nInNinh A8TYNA POIWA PRIY MY pas
PISTYN SIPD DY MISNNT 11I0MAN NIIPY AN N LNIDHPN SINURIN MOV

L3221000 MINYID MYIY INADT ,MNNIn

2IRUN NIVY NIPD 5.1
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Sy novian norwn . (RP- Reveald Preference) n»9131n faTynn norwa 1soMIw
nN¥Iap a3 INNIND DXY O VIR DY DAYNaN DR MAapynn MY NIYaxn
noynY RP-a wonen 1nsy RO . (Ortuzar & Willusen, 1994) nin»p N13303700K
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LOI1ARAN NOAYPY 8XYTN
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Pearmain, Swanson, Kroes, Sheldon: SP techniques (1991) :91pn
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Fig No. 5.2: Example of an SP ranking exercise

Permain, Swanson, Kroes, Bradley, SP techniques (1991) :71pn
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Permain, Swanson, Kroes, Bradley, SP techniques (1991) :7pn
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Table No. 7.4: Cofficient estimated report for parking toll model
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Table No. 7.5: Cofficient estimated report for entrance toll model
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Fig No. 7.11: Alternative choice probabilities for parking toll model
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Fig No. 7.14: Cumulative distributon function - entrance toll model
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EVALUATION OF CONGESTION AND PARKING
TOLLS ON TRAVEL DEMAND:

CASE STUDY AT THE TECHNION

GILA ALBERT

PROF. DAVID MAHALEL



ABSTRACT

This research deals with the evaluation of congestion and parking tolls on
travel demand. Congestion and parking fees are expected to reduce the usage of
private cars by changing drivers' travel habits. Currently, the need for tolls is
recognized as a travel demand strategy that aims to balance the demand and supply in
the transportation system. To evaluate its efficiency, it is necessary to provide

forecasts of changes in demand and travel behaviour caused by the new method.

This research focuses on evaluation congestion and parking fees at destination
by understanding travel behaviour, and recognizing the attributes that affect the

probability to choose a mode.

The theoretical section reviews the usage of congestion and parking tolls, and a
few economic and social approaches that are used to evaluate the effect of new
facilities, The empirical study deals with a case study. A sample interviewed,
comprising workers traveling daily to the Technion by car, was asked how they would
behave in two hypothetical situations. In the first, an entrance toll {(which is a kind of
congestion toll) to be imposed on all private cars entering the Technion. In the
second, parking fees to be charged on all private cars parking on the Technion campus.

Currently, there are no charges for entering and parking.

To estimate the changes in workers' travel habits, the workers were asked to
indicate how they would respond if these situations faced them in reality. Also, their
willingness to pay toll fees was estimated. The analysis was based on the utility

approach. A logit model was calibrated using the ALOGIT software.



The main research findings are:

The effect of the entrance toll in reducing travel demand is stronger than that of

the parking toll;

The tolls caused changes in the modal split, in a sense that people change their

mode and time of travel to avoid toll fees;

The willingness to pay parking fees is higher than the disposition to pay an
entrance toll. On the basis of a sample, 77% are willing to pay a parking toll, and
only 64% are inclined to pay an entrance toll. They are willing, on average, to pay
NIS 3.65 for parking, and NIS 2.95 for an entrance toll (according to June 1994

prices);
The elasticity of demand according to the findings (1.86 via congestion toll and
2.35 wia parking toll) is higher than mentioned in the literature (0.3 to 1.6, when

the majority values are less than 1).

The research conclusions may be helpful for policy concern travel demand, as

the finding indicating a toll (specially a congestion toll) may reduce travel demand and

change travel behaviour.

The research approach may be used in examining other strategy effects in the

transportation system. The findings point to the need to develop a new approach to

understand travel behaviour.

p—





