Code documentation for the Estimation of an Integrated Choice Model 
[bookmark: _GoBack]This addendum serves to document the estimation code for an integrated model of multinomial, ordinal, and continuous choices. An explanation of the parameters in the model and the different settings that are available within the code are documented below. Please refer to Paleti et al. (2012) for the notations and the model structure.
Paleti, R., C.R. Bhat, and R.M. Pendyala, "An Integrated Model of Residential Location, Work Location, Vehicle Ownership, and Commute Tour Characteristics," Technical paper, Department of Civil, Architectural and Environmental Engineering, The University of Texas at Austin, original version August 2012, revised November 2012

1. Input Dataset Specifications 
The dataset should be in the form of a gauss data file created using the ATOG utility. The dataset should include the following columns:

1. A column of 1s with a variable label uno

2. A column of 0s with a variable label sero

3. A case ID that  goes consecutive from one to the number of individuals in the sample. The label of this column in the dataset is : ID

4. Dependent variables: 

Multinomial choice variables: For each multinomial choice: As many columns as the number of alternatives, with each column taking a value of 1 if the corresponding alternative is the chosen alternative and zero if it is not the chosen alternative.

In the sample data, there are two multinomial choices: Home location and work location

The labels of the columns for these two choices in the sample data are: 
	hden1, hden2, hden3, hden4
&	wden1, wden2, wden3, wden4

Ordinal choice variables: For each ordinal variable: A single column with a value equal to the observed ordinal choice for the individual. 

In the sample data, there are two ordinal choices: Auto ownership location and Number of stops during the commute

The labels of the columns for these two choices in the sample data are: 
	nauto
&	dnStopsA

Continuous choice variables: For each continuous variable: A single column with a value equal to the observed value of the continuous variable for the individual

In the sample data, there is one continuous choice: Total commute distance

The label of the column for this choice in the sample data is: LNCDIS

5. Explanatory variables: One column for each explanatory variable

2. Sample Data
The data consists of 500 records with two multinomial choices, 2 ordinal choices, and one continuous choice. The following table presents the contents and the structure of the sample data:
	ID
	Observation ID

	UNO
	Takes 1 across all records

	SERO
	Takes 0 across all records

	MALE
	Male

	NUMADLT
	Number of adults

	OWNHOM
	Number of workers

	INC1
	Income Less than $10K

	INC2
	Income Between $10K and $20K

	WDEN1
	Work location density  category 1

	WDEN2
	Work location density  category 2

	WDEN3
	Work location density  category 3

	WDEN4
	Work location density  category 4

	HDEN1
	Home location density  category 1

	HDEN2
	Home location density  category 2

	HDEN3
	Home location density  category 3

	HDEN4
	Home location density  category 4

	nauto
	Number of vehicles

	dnStopsA
	Number of stops during commute

	LNCDIS
	Logarithm of distance to work



3. Code settings
Starting values:
The code can be  sensitive to the starting values. So, each of the individual model components must be estimated separately and the converged model parameters must be provided as starting values. Also, instead of estimating all the elements of the covariance matrix at once, it would help if the analyst freed a few parameters at a time and built the model incrementally.[footnoteRef:1] [1:  The code is written to maximize the likelihood function with respect to the covariance elements. This is because the starting values provided in the code are obtained by estimating the model incrementally. So, it is less likely that all intermediate covariance matrices impled by the covariance elements are not positive definite. However, the code can be modified with little effort to optimize the likelihood function with respect to the cholesky elements. ] 


Variables for specifying what parameters are active during estimation:
"estCovU": This variable is used to define the elements of the lower triangular matrix of the covariance matrix of the multinomial choice variables that are active during estimation. So, a zero means that the corresponding covariance element is fixed at the initial value of the parameter. In the current example for the sample data, this variable looks as follows:
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The first six elements correspond to home location and the six elements in the second block diagonal matrix correspond to work location. The 9 off-diagonal elements correspond to the covariance between the two multinomial choice alternatives.

" estCovUO": This variable is used to define the covariance elements between the multinomial and ordinal choices that are active during model estimation. In the current example, the first row corresponds to auto ownership and the second row corresponds to number of stops during the commute and looks as follows:

0	0	0	0	0	0
0	0	1	0	0	0	

" estCovUR": This variable is used to define the covariance elements between the multinomial and continuous choices that are active during model estimation. In the current example, this variable looks as follows:

0	0	0	0	0	0
"estCovRO": This variable is used to define the covariance elements between the ordinal and continuous choices that are active during model estimation. In the current example, this variable looks as follows:
1 0
" estCovO": This variable is used to define the covariance elements of the ordinal choices that are active during model estimation. In the current example, this variable looks as follows:
0
1  0

" estCovR": This variable is used to define the covariance elements of the continuous choices that are active during model estimation. In the current example, this variable looks as follows:
1


 4. Estimation Results	
The user should ignore the standard errors that are printed by default by Gauss. The correct standard errors and t-stats are printed towards the end of the output.  Please note that, at the end, the parameter estimates and standard errors of only those parameters that are estimated in the optimization process are presented.
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	Parameters
	Estimates
	Std.
	err.
	Est./s.e.
	Prob.

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

	X1_01
	0.1315
	0.1826
	0.72
	0.4715
	0

	X1_02
	0.3774
	0.1773
	2.129
	0.0332
	-0.0001

	X1_03
	0.4265
	0.1891
	2.255
	0.0241
	0

	X1_04
	-0.0047
	0.1978
	-0.024
	0.9812
	0

	X1_05
	-0.1618
	0.1916
	-0.844
	0.3985
	0

	X1_06
	-0.7596
	0.2091
	-3.633
	0.0003
	0

	X2_01
	0.6593
	0.0704
	9.362
	0
	0

	X2_02
	0.2623
	0.1448
	1.811
	0.0702
	0

	X2_03
	0.1008
	0.1404
	0.718
	0.4729
	0

	X2_04
	-0.0063
	0.1395
	-0.045
	0.9638
	0

	TRS1_01
	-0.2287
	0.2679
	-0.854
	0.3932
	0

	TRS1_02
	0.9025
	0.2244
	4.022
	0.0001
	0

	TRS1_03
	2.5457
	0.2534
	10.047
	0
	0

	TRS1_04
	3.4231
	0.2606
	13.134
	0
	0

	TRS2_01
	-0.027
	0.0606
	-0.446
	0.6558
	0

	TRS2_02
	0.4393
	0.0627
	7.01
	0
	0

	TRS2_03
	1.0345
	0.0739
	14.001
	0
	0.0001

	TRS2_04
	1.3949
	0.0877
	15.897
	0
	0

	TRS2_05
	1.7758
	0.1125
	15.784
	0
	0

	XO1_01
	0.6172
	0.0751
	8.216
	0
	0

	XO1_02
	0.9922
	0.1673
	5.929
	0
	0

	XO2_01
	-0.875
	0.3186
	-2.747
	0.006
	0

	XO2_02
	-0.52
	0.2484
	-2.094
	0.0363
	0

	XR_01
	1.7515
	0.1283
	13.65
	0
	0

	XR_02
	0.4728
	0.1341
	3.525
	0.0004
	0

	XR_03
	-0.4305
	0.2965
	-1.452
	0.1465
	0

	XR_04
	-0.3369
	0.1666
	-2.022
	0.0432
	0

	SDU01
	1
	.
	.
	.
	-0.0006

	SDU02
	0.5
	.
	.
	.
	0.0018

	SDU03
	1
	.
	.
	.
	-0.0042

	SDU04
	0.5
	.
	.
	.
	-0.0001

	SDU05
	0.5
	.
	.
	.
	0.004

	SDU06
	1
	.
	.
	.
	0.0021

	SDU07
	0
	.
	.
	.
	-0.0573

	SDU08
	0
	.
	.
	.
	-0.0013

	SDU09
	0
	.
	.
	.
	0.0654

	SDU10
	1
	.
	.
	.
	-0.0021

	SDU11
	0
	.
	.
	.
	0.0229

	SDU12
	0
	.
	.
	.
	-0.0964

	SDU13
	0
	.
	.
	.
	0.0582

	SDU14
	0.5
	.
	.
	.
	0.0024

	SDU15
	1
	.
	.
	.
	0.0004

	SDU16
	0
	.
	.
	.
	0.0542

	SDU17
	0
	.
	.
	.
	0.0497

	SDU18
	0
	.
	.
	.
	-0.1788

	SDU19
	0.5
	.
	.
	.
	0.0001

	SDU20
	0.5
	.
	.
	.
	-0.0008

	SDU21
	1
	.
	.
	.
	0.0009

	SDUO01
	0
	.
	.
	.
	0.0005

	SDUO02
	0
	.
	.
	.
	-0.023

	SDUO03
	0
	.
	.
	.
	-0.0261

	SDUO04
	0
	.
	.
	.
	-0.0169

	SDUO05
	0
	.
	.
	.
	0.0012

	SDUO06
	0
	.
	.
	.
	-0.0239

	SDUO07
	0
	.
	.
	.
	-0.0076

	SDUO08
	0
	.
	.
	.
	0.0187

	SDUO09
	-0.1312
	0.117
	-1.121
	0.2623
	0

	SDUO10
	0
	.
	.
	.
	0.0095

	SDUO11
	0
	.
	.
	.
	-0.0103

	SDUO12
	0
	.
	.
	.
	-0.0077

	SDO01
	1
	.
	.
	.
	0.0563

	SDO02
	-0.0597
	0.0592
	-1.007
	0.3137
	0

	SDO03
	1
	.
	.
	.
	0

	SDUR01
	0
	.
	.
	.
	0.0026

	SDUR02
	0
	.
	.
	.
	0.0022

	SDUR03
	0
	.
	.
	.
	-0.012

	SDUR04
	0
	.
	.
	.
	0.0068

	SDUR05
	0
	.
	.
	.
	-0.0232

	SDUR06
	0
	.
	.
	.
	-0.0046

	SDOR01
	0.108
	0.0584
	1.851
	0.0642
	0

	SDOR02
	0
	.
	.
	.
	-0.0353

	SDR01
	1.0653
	0.0751
	14.178
	0
	0



X1_01, X1_02, … are beta parameters corresponding to the first multinomial choice.
X2_01, X1_02, … are beta parameters corresponding to the second multinomial choice.

TRS1_01, TRS1_02, …are threshold parameters corresponding to the first ordinal choice.
TRS2_01, TRS2_02, …are threshold parameters corresponding to the second ordinal choice.

XO1_01, XO1_02, … are beta parameters corresponding to the first ordinal choice.
XO2_01, XO1_02, … are beta parameters corresponding to the second ordinal choice.

XR_01, XR_02, … are beta parameters corresponding to the continuous choice.

The lower triangular matrix elements of the covariance matrix of multinomial choices are captured in the SDU1, SDU2, SDU3… parameters. 

The covariances between multinomial and ordinal choices are captured in SDUO1, SDUO2, ...parameters.

The lower triangular matrix elements of the covariance matrix of ordinal choices are captured in the SDO1, SDO2, SDO3… parameters

The covariances between multinomial and continuous choices are captured in SDUR01, SDUR2, ...parameters.

The convariances between ordinal and continuous choices are captured in SDOR01, SDOR2, ...parameters.

The covariance elements of the continuous choices are captured in SDR01, SDR02,....parameters.
