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Swissmetro Case

Estimation of a Nested Logit ModelFiles to use with BIOGEME:Model �le: GEV SM NL.modData �le: swissmetro.datThe appli
ation of the IIA M
Fadden test in the 
ase study on spe
i�
ationtesting revealed that the IIA assumption does not hold between the 
ar andtrain alternatives. This is an indi
ation of probable 
orrelation between
ar and train. We start with a Nested Logit (NL) spe
i�
ation, wherethe 
ar and train alternatives are both assigned to the same nest and theSwissmetro is alone in a se
ond nest, as shown in Figure 2.The expressions of the systemati
 utility fun
tions for ea
h alternative usedin this model spe
i�
ation are
Vcar = ASCcar + βCAR timeCAR TT + βcostCAR CO

Vtrain = βTRAIN timeTRAIN TT + βcostTRAIN CO + βheTRAIN HE +

βGAGA

Vsm = ASCSM + βSM timeSM TT + βcostSM CO + βheSM HE

βGAGA,and in Figure 1 an extra
t from the .mod �le illustrating the nest spe
-i�
ation with BIOGEME is shown. Note that only one of the two nestparameters 
an be estimated. The estimation results are shown in Table 1.The alternative spe
i�
 
onstants show a preferen
e for the Swissmetro al-ternative 
ompared to the other modes, all the rest remaining 
onstant.The 
ost and travel time 
oeÆ
ients have the expe
ted negative sign. The
oeÆ
ient related to the ownership of the Swiss annual season ti
ket (GA)is positive as expe
ted, re
e
ting the preferen
e for the SM and train alter-natives with respe
t to the 
ar alternative. The negative estimated value1
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[NLNests]

// Name paramvalue LowerBound UpperBound status list of alt

Classic 1.0 1 10 0 1 3

Innovative 1.0 1 10 1 2Figure 1: BIOGEME snapshot
Innovative

SM
Classi


Car TrainFigure 2: The 
orrelation stru
ture of the spe
i�ed NL modelof the headway parameter βhe indi
ates that the higher the headway, thelower the frequen
y of servi
e, and thus the lower the utility. Finally, thes
ale parameter of the random term asso
iated with the 
lassi
 nest hasbeen estimated as µclassic = 1.64.To be 
onsistent with random utility theory, the inequality µ

µm
< 1 with µbeing normalized to 1 implies µm > 1. To see if this is the 
ase here, we
an test the null hypothesis H0 : µm = 1. Sin
e there is a single restri
tion,we 
an use either a t-test or a likelihood ratio test whi
h are asymptot-i
ally equivalent. The t-statisti
 with respe
t to 1 
an be 
omputed asfollows: (µ̂m−1)std err of µ̂m

. It is also output by BIOGEME. Here the t-statisti
with respe
t to 1 is 4.86, whi
h indi
ates that µclassic is signi�
antly dif-ferent from 1, and hen
e there is a signi�
ant 
orrelation between the 
arand train alternatives.We 
an also do a likelihood ratio test as follows. The test statisti
 for the2
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NL modelParameter Parameter Parameter Robust Robust Robustnumber name estimate standard error t-stat. 0 t-stat. 11 ASCcar 0.0272 0.119 0.232 ASCSM 0.243 0.119 2.053 βcost -0.000986 0.000105 -9.364 βcar time -0.00874 0.00101 -8.645 βtrain time -0.0113 0.000958 -11.786 βSM time -0.00995 0.00163 -6.097 βhe -0.00472 0.000862 -5.488 βga 5.39 0.583 9.269 µclassic 1.64 0.132 12.42 4.86

Summary statisticsNumber of observations = 6759

L(0) = −6958.420

L(β̂) = −5207.790�ρ2 = 0.250 Table 1: NL estimation results
3



4null hypothesis is given by
−2(LR − LU) = −2(−5245.510 + 5207.790) = 75.440where the restri
ted model is the MNLmodel (Spe
Test SM so
ioe
 bis.mod)and the unrestri
ted model is the nested logit model. The test statisti
 isasymptoti
ally χ2 distributed with 1 degree of freedom sin
e there is 1 re-stri
tion. Sin
e 75.440 > 3.841 (the 
riti
al value of the χ2 distributionwith 1 degree of freedom at a 95 % level of 
on�den
e), we reje
t the nullhypothesis (MNL model) and a

ept the nested logit model.

Estimation of a Cross-Nested Logit Model with Fixed

AlphasFiles to use with BIOGEME:model �le: GEV SM CNL �x.moddata �le: swissmetro.datIn this model, we relax the assumption that an alternative 
an belong toonly one nest and we assume that the train alternative 
an be assigned totwo di�erent nests. This 
orrelation stru
ture is motivated by 
onsideringthe train alternative as a 
lassi
 transportation mode (along with the 
aragainst the more innovative Swissmetro) on one hand, and as a rail-basedmode (as the Swissmetro) on the other hand. We represent this 
ross-nestedstru
ture in Figure 3.In Figure 4 we show a snapshot from the BIOGEME .mod �le illustratingthe CNL nest spe
i�
ation. The estimation results are shown in Table 2.The alternative-spe
i�
 
onstants now have a negative sign. All other 
o-eÆ
ients have the expe
ted signs.In this CNL spe
i�
ation, we have �xed the αtrain classic and αtrain rail
oeÆ
ients to 0.5. It means that we assume that the train alternativeequally belongs to both nests 
lassi
 and rail-based. This assumption willbe relaxed in the next se
tion. Thus, CNL with �xed α's is a restri
tedmodel of CNL with variable α's. 4
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Rail-Based

SM Train
Classi

CarFigure 3: A representative s
heme for the CNL 
orrelation stru
ture.

[CNLNests]

// Name paramvalue LowerBound UpperBound status

classic 1.0 1 10 0

Rail_based 1.0 1 10 0

[CNLAlpha]

// Alt Nest value LowerBound UpperBound status

Car classic 1 0.00001 1.0 1

Train classic 0.5 0.00001 1.0 1

Train Rail_based 0.5 0.00001 1.0 1

SM Rail_based 1 0.00001 1.0 1Figure 4: BIOGEME snapshot
5
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CNL model with fixed α’sParameter Parameter Parameter Robust Robust Robustnumber name estimate standard error t-stat. 0 t-stat. 11 ASCcar -0.838 0.0787 -10.652 ASCSM -0.457 0.0744 -6.153 βcost -0.00705 0.000526 -13.394 βcar time -0.00628 0.00122 -5.175 βtrain time -0.00863 0.00105 -8.186 βSM time -0.00715 0.00151 -4.747 βhe -0.00298 0.000533 -5.588 βga 0.618 0.0940 6.579 µclassic 2.85 0.260 10.93 7.0910 µrail based 4.73 0.483 9.79 7.72

Summary statisticsNumber of observations = 6759

L(0) = −6958.420

L(β̂) = −5120.740�ρ2 = 0.263Table 2: Estimation results for the CNL spe
i�
ation. The α 
oeÆ
ientsare �xed.
6
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Estimation of a Cross-Nested Logit Model with Un-

known AlphasFiles to use with BIOGEME:Model �le: GEV SM CNL var.modData �le: swissmetro.datIn Table 3, we show the results for the CNL spe
i�
ation with variable α
oeÆ
ients. We also want to underline the fa
t that in both CNL spe
i�-
ations the 
ondition ∑

m

αjm = 1has been imposed. Su
h a 
ondition is not ne
essary for the validity of themodel. It is imposed for identi�
ation purposes. We refer the interestedreader to ? for more theoreti
al details.To sele
t between the nested logit and CNL model with variable α's, we 
antest the null hypothesis H0 : αtrain rail = 0, µrail based = 1. Sin
e there aremultiple restri
tions, we 
annot use multiple t-tests but should rather usea likelihood ratio test as follows. The test statisti
 for the null hypothesisis given by
−2(LR − LU) = −2(−5207.790 + 5120.610) = 174.360where the restri
ted model is the nested logit model and the unrestri
tedmodel is the CNL model with variable α's. The test statisti
 is asymptoti-
ally χ2 distributed with 2 degrees of freedom sin
e there are 2 restri
tions.Sin
e 174.360 > 5.991 (the 
riti
al value of the χ2 distribution with 2 de-grees of freedom at a 95 % level of 
on�den
e), we reje
t the null hypothesis(nested logit model) and a

ept the CNL model with variable α's. We 
anthus 
on
lude that the train alternative is 
orrelated with both Swissmetroand 
ar alternatives.To sele
t between the CNL model with �xed α's and the CNL model withvariable α's, we 
an test the null hypothesis H0 : αtrain rail = 0.5. Sin
ethere is a single restri
tion, we 
an use either a t-test or a likelihood ratio7
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CNL model with unknown α’sParameter Parameter Parameternumber name estimate standard error t-stat. 0 t-stat. 11 ASCcar -0.849 0.0692 -12.262 ASCSM -0.460 0.0656 -7.013 βcost -0.00697 0.000440 -15.854 βcar time -0.00621 0.000583 -10.665 βtrain time -0.00849 0.000660 -12.856 βSM time -0.00711 0.000745 -9.547 βhe -0.00293 0.000510 -5.758 βga 0.620 0.0886 7.009 µclassic 2.87 0.212 13.54 8.8210 µrail based 4.90 0.722 6.78 5.4011 αtrain classic 0.486 0.0265 18.34 -19.4012 αtrain rail 0.514 0.0265 19.40 -18.34

Summary statisticsNumber of observations = 6759

L(0) = −6958.420

L(β̂) = −5120.610�ρ2 = 0.263Table 3: Estimation results for the CNL spe
i�
ation. The α 
oeÆ
ientsare estimated.
8



9test whi
h are asymptoti
ally equivalent. The t-statisti
 with respe
t to0.5 is 0.53, whi
h indi
ates that αtrain rail is not signi�
antly di�erent from0.5, and hen
e we a

ept the null hypothesis (CNL model with �xed α's)and reje
t the CNL model with variable α's.We 
an also do a likelihood ratio test as follows. The test statisti
 for thenull hypothesis is given by
−2(LR − LU) = −2(−5120.740 + 5120.610) = 0.260where the restri
ted model is the CNL model with �xed α's and the un-restri
ted model is the CNL model with variable α's. The test statisti
is asymptoti
ally χ2 distributed with 1 degree of freedom sin
e there is 1restri
tion. Sin
e 0.260 < 3.841 (the 
riti
al value of the χ2 distributionwith 1 degree of freedom at a 95 % level of 
on�den
e), we a

ept the nullhypothesis (CNL model with �xed α's) and reje
t the CNL model withvariable α's.As a 
on
lusion, sin
e both the nested logit model and the CNL modelwith �xed α's are restri
ted models of the CNL model with variable α's,and sin
e we have reje
ted the nested logit model and a

epted the CNLmodel with �xed α's, we sele
t the CNL model with �xed α's.
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