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Quebec Energy CaseIn order to estimate Binary Logit models, we onsider a subset of theomplete dataset with two alternatives, instead of nine, for a total of 2695households. The two alternatives are:1. Dual energy/Eletriity (dee)2. Eletriity/Eletriity (ee)Some general statistis on the dataset are reported in table 1.
Binary Logit with Generic AttributesFiles to use with BIOGEME:Model �le: BL generi 4-7.modData �le: QE data bin.datWe assume that households hoose the type of spae-water heating systemsas a funtion of the �xed and operating ost assoiated with the availablealternatives. We wish to translate this simple theory of eonomi hoiebehavior into a onrete model suitable for the mathematial analysis ofenergy hoie. In order to be onsistent with the theory of random util-ity models, we will estimate a Binary Logit model in whih the utility ofthe alternatives is the sum of a deterministi part and of a random term.We de�ne the deterministi part of the utility funtions inluding the al-ternative spei� onstants (ASC), the attribute outm (annual operatingost in thousand dollars) and the attribute out�x (annual �xed ost inthousand dollars). These two attributes are weighted with their respetivegeneri oeÆients, namely βoutm and βout�x. More formally, the utilityfuntions are expressed as follows:

Vdee = ASC4+ βoutmoutm4+ βout�xout�x4
Vee = ASC7+ βoutmoutm7+ βout�xout�x71
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Variable Obs Mean Std. Dev. Minimum Maximumseteur 2695 1.998706 1.316036 1 4hddm 2695 4.844169 0.504153 4.359 7hoie 2695 6.69644 1.263997 1 9edanonv 2695 1.941748 2.898271 0 8emhnhabi 2695 2.946602 2.888014 2 13emdndao 2695 8.158252 3.14563 1 12eminpie 2695 6.178964 1.941691 1 24empnpers 2695 3.086408 1.226122 1 9emrnprlo 2695 1.102913 0.3038939 1 2surf 2695 1.656537 0.7409359 0.3 3.25age 2695 4.211974 1.391425 2.1 8.4rev 2695 4.253641 2.097062 0.5 7.5outm4 3090 1.496247 0.3656796 0.460287 4.009572outm7 3090 1.43987 0.3478127 0.453367 3.671097out�x4 3090 0.9915023 0.1098705 0.138219 1.385848out�x7 3090 0.2796577 0.2119302 0.065063 0.912808out�y4 3090 4.247216 2.199511 0.0790607 10.39386out�y7 3090 1.266823 1.358479 0.0328052 6.846063aval4 3090 1 0 1 1aval7 3090 1 0 1 1Table 1: General Statistis
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[Choice]

choice

[Beta]

// Name Value LowerBound UpperBound status (0=variable, 1=fixed)

ASC4 0.0 -100.0 100.0 1

ASC7 0.0 -100.0 100.0 0

b1coutm 0.0 -100.0 100.0 0

b1coutfix 0.0 -100.0 100.0 0

[Utilities]

// Id Name Avail linear-in-parameter expression

4 Alt4 aval4 ASC4 * one + b1coutm * coutm4 + b1coutfix * coutfix4

7 Alt7 aval7 ASC7 * one + b1coutm * coutm7 + b1coutfix * coutfix7Figure 1: Snapshot from the BIOGEME odeOne of the alternative spei� onstants (arbitrarily hosen, for examplethe one assoiated with dual energy/eletriity) is normalized to zero foridenti�ation purpose.A snapshot from the BIOGEME ode is shown in �gure 1. It illustrateshow we translate the spei�ation of the deterministi part of utilities intothe syntax of BIOGEME. The setion [Choice] indiates the dependentvariable in our dataset, that is the variable related to the mutually exlusiveset of alternatives. The setion [Beta] lists the parameters whih we intendto use in the utilities. For example, ASC4 is the alternative spei� onstantfor the alternative number 4. Its status is set to 1 whih means that theparameter is kept �xed at its starting value whih is zero. This is howwe normalize one of the ASC. In the setion [Utilities], we de�ne theexpression of utilities. See BIOGEME user manual for further details onBIOGEME.The estimation results for this �rst model are presented in table 2. Givenour spei�ation, the positive sign of the alternative spei� onstant in-diates that, everything else being equal, the alternative eletriity/ele-triity has a higher utility than the alternative dual energy/eletriity3
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Estimation resultsVariable Variable CoeÆient Robust Robustnumber name estimate standard error t statisti1 ASC7 2.166 0.717 3.0202 β1out�x -0.270 0.970 −0.278∗3 β1outm -24.311 1.175 -20.675

Summary statisticsNumber of observations = 2695

L(0) = −1868.03

L(β̂) = −218.682Likelihood ratio test = 3298.7�ρ2 = 0.882935 Table 2: Estimation resultsoption. In other words, there is an intrinsi preferene towards the alter-native eletriity/eletriity that is not aptured by the other explanatoryvariables.The parameter related to the �xed ost (out�x ) is not signi�antly dif-ferent from zero. BIOGEME indiates that by putting an asterisk (*)on the right of the olumn whih ontains robust t-tests. (The robust t-test aount for non severe misspei�ation errors, see Biogeme manual asstarting referene) The parameter assoiated with operating ost (outm)is signi�ant and has a negative sign sign (as expeted), implying that highoperating ost derease the utility of the orresponding alternative.
Binary Logit with Alternative-Specific CoefficientsFiles to use with BIOGEME:Model �le: BL spei� 4-7.modData �le: QE data bin.dat 4



5In order to analyze if the oeÆient of the ost attributes is alternative-spei�, we estimate one ost parameter for eah alternative. The deter-ministi part of the utilities are then given by
Vdee = ASCdee + β1 outmoutm4+ β1 out�xout�x4
Vee = ASCee + β2 outmoutm7+ β2 out�xout�x7.The estimation results for this seond model are presented in Table 3. Thisspei�ation relaxes the assumption that the impat of �xed and operatingost are the same for eah alternative. The out�x parameters are stillnot signi�antly di�erent from zero. The oeÆients assoiated with theoutm variable are estimated with the expeted signs and are signi�antlydi�erent from zero. The reader will learn in the spei�ation testing asestudy how to the whether β1coutm is signi�antly di�erent than β2coutm.

Estimation resultsVariable Variable CoeÆient Robust Robustnumber name estimate standard error t statisti1 ASC7 11.183 4.121 2.7132 β1out�x 5.724 4.330 1.321∗3 β1outm -35.730 7.880 -4.5343 β2out�x 0.0775 0.294 0.263∗3 β2outm -38.473 8.026 -4.793
Summary statisticsNumber of observations = 2695

L(0) = −1868.03

L(β̂) = −193.758Likelihood ratio test = 3348.55�ρ2 = 0.896277 Table 3: Estimation results5
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Binary Logit with Socio-Economic CharacteristicsFiles to use with BIOGEME:Model �le: BL soio eon 4-7.modData �le: QE data bin.datIt is reasonable to assume that people make hoies not only in relationto the attributes that haraterize the alternatives but also depending onsome personal harateristis or soio-eonomi indiators. The availabil-ity of individual-spei� information gives us the opportunity to model inpart the heterogeneity present in the population we are interested in. Wemodify the previous model by adding in the utilities the inome (rev) ofthe households, and the age as extra explanatory variables:

Vdee = ASCdee + βoutmoutm4+ βout�xout�x4
Vee = ASCee + βoutmoutm7+ βout�xout�x7+

β7 revrev + β7 ageagePlease note that, as these variables do not vary on the alternatives, we needto normalize one alternative to zero and interpret the estimated oeÆientsfor the remaining alternatives with respet to the referene alternative,whih is arbitrarily dual eletriity/ eletriity.Sine inome and age do not vary on the alternatives, and as only di�erenein utility matter, we have normalized the alternative number 4 to zero andtherefore only two extra parameters need to be estimated. Note that inBIOGEME the parameters β7age and β7rev have only been inluded in theseond utility funtion (alternative number 7). We ould have also spei�edthe �rst utility funtion (alternative number 4) with β4rev and β4age, and�x them to zero in [Beta] setion, as we did for ASC4.We report in table 4 the orresponding estimation results. The β parame-ters of the rev and age variables are interpreted as the impat of inomeand age on the likelihood that a deision maker will hoose eletriity/-eletriity, with respet to the referene alternative dual energy/eletriity.6
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Estimation resultsVariable Variable CoeÆient Robust Robustnumber name estimate standard error t statisti1 ASC7 5.757 1.124 5.1192 β1out�x 0.159 0.944 0.168∗3 β1outm -23.799 1.313 -18.0933 β7age -0.552 0.084 -6.5283 β7rev -0.164 0.084 −1.940∗

Summary statisticsNumber of observations = 2695

L(0) = −1868.03

L(β̂) = −202.199Likelihood ratio test = 3331.67�ρ2 = 0.891758 Table 4: Estimation resultsA negative sign of the rev parameter an be interpreted as the higherthe inome of the household the lower the likelihood for hoosing the al-ternative eletriity/eletriity ompared to the dual energy/eletriityheating system. For the age variable the oeÆient is negative and sta-tistially signi�ant. Older households are less likely to hoose a systemof eletriity/eletriity ompared to the dual energy/eletriity heatingsystem.
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