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The truth set has now been formed by assembling the MBL sample and the WP
sample with adjusted covariates. The mode split obtained from the test sub-sample of the

truth set is considered as the experiment result m, and will be compared with the forecast

result by the CCLM model.

8.2.3 Forecast and External Validity Test
The forecast of the impact of a $3.00 parking charge on mode split is conducted by the
explanatory CCLM model with the following process;

1) Taken as given, each WP individual's adjusted covariate values for the three
travel modes as well as their personal information are used to compute the
systematic utility and the corresponding constraints.

2) Using the explanatory CCLM model, compute each WP individual's
probabilities to switch to each proposed travel alternative following a $3.00
parking charge imposition.

3) Add all WP individuals' switching probabilities and then divide this sum by
the total number of individuals in the WP sample. This final result is the

aggregate mode split forecast n,.

Based on the work above, the mode split in the real world, m, and the mode split
forecast m, are obtained. The last step is the external validity test. The hypothesis for the
external validity is the null difference between the actual mode split values and the

forecast values. The 1 test is used to test the null hypothesis H,



Table 8.4 SOV travel time adjustment for individuals in the WP sample

Individual No.

4

6

2 3 5 7 8

Original SOV Travel Time 25 40 35 70 45 110 45 30

Adjusted SOV Travel Time 31 48 46 79 63 92 67 40
Table 8.4 (continued)

9 10 11 12 13 14 15 16 17 18

65 60 40 25 25 15 15 35 15 30

78 74 49 39 38 14 12 46 14 41
Table 8.4 (continued)

19 20 21 22 23 24 25 26 27 28

10 20 20 60 45 50 20 40 25 40

10 25 28 74 67 71 22 51 31 49
Table 8.4 (continued)

29 30 31 32 33 34 35 36 37 38

30 45 20 32.5 40 15 50 45 20

39 64 63 2 43 47 20 71 60 29
Table 8.4 (continued)

39 40 4] 42 43 44 45 46 47 48

30 15 20 45 42.5 25 25 25 10 30

42 16 28 38 37 37 40

57 54

10




Table 8.4 (continued)

49 50 31 52 53 54 55 56 57 38
15 6 20 20 17.5 20 20 45 25 10
14 29 9

7 28 27 21 26 26 56

A Monte Carlo simulation was next conducted, using the explanatory CCLM
model and the adjusted covariate va}ues, to produce the individual mode choice. The
mode split values for the three travel modes were then computed by averaging the
individuals mode switching data. The mode split values with adjusted covariate values for
the WP sample are listed in the second column of Table 8.5 as well as the MBL mode
split values in the third column. The mode split data listed in Table 8.5 form the mode

split observation of the truth set which will be used in the external validity test.

Table 8.5 The WP sample mode split with adjusted covariates

MBL Mode Split Value

Travel mode WP Mode Split Value

(Adjusted Covariate)
(1) @) (3)
SOV 7531 % 65.51 %
CP 10.86 % 12.07 %
PT 13.83 % 2241 %

TOTAL 100.00 % 100.00 %

Table 8.6 presents the forecast values and the external validity test result. The

adjusted mode split values for the truth set associated with the test condition are listed in
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the second column. The mode split forecast values are listed in the third column of Table
8.6. The mode split forecasts are obtained by the explanatory CCLM model derived in

Section 7.3. The values in the parentheses are the standard deviations obtained from the

forecasting.

Table 8.6 Adjusted mode split values and forecast value comparison

Mode Mode Split Values Mode Split Values Forecast 1 Test

(Truth Set) (Forecast) Error Statistic

(N (2) 3 ) (%)
SOV 6551 % 66.65% (5.75%) 1.14% 1.5100
CP 12.07 % 1278 % (237 %) 0.71 % 2.2815
9014

PT 2241 % 2057% (7.37 %) 1.84 % 1.

In fact, all WP individual’s mode switching probabilities for each mode are
averaged as the sample’s mode split values. The standard deviations are listed in the
parenthesis in the third column of Table 8.6 based on the average of 58 individuals in the
sample for the need of computation of statistic values. Column 4 lists the absolute values
of the differences between the truth set values and the forecast values. The ¢ statistic
values in column 5 are computed by Equation (8.4) in Chapter 8.

The two-tail critical value for the significance of the 0.05 level with degrees of
freedom of 57 is 2.0, therefore, the null difference hypothesis can not be rejected for the
SOV and PT modes. The null difference hypothesis for CP can be rejected. The reason

for the rejection of the null difference hypothesis for the CP mode is that very few
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individuals in the two sites use carpool as their commute mode. The small number of
observation causes a loss of accuracy when computing the mode split values for carpool.
However, the mode split forecast for the WP sample generated by CCLM model is
statistically identical with the adjusted observation for the MBL sample for the SOV and

PT modes.

8.4 Comparison with Other Research
The cross-section experimental design and the empirical work conducted in the above
section can be compared with the before and after research design and external validity
test conducted by Beaton (1997). That study for the SC model by before and after design
shows that the predicted market share for SOV changes from 100% in 1993 to a predicted
83.2 % in 1995. The actual 1995 value reported from the subset of 1995 respondents is
82.2 %. The difference between forecast for switching behavior and actual switching

behavior is 1 %.

8.5 Summary
This chapter has presented the study results of an external validity test using a cross-
section experimental design for the CCLM model. The experimental technique used in
this study certifies that
1) cross-sectional experimental design can be used in external validity test where
panel data is not available. The two samples used in the cross-section
experimental design must be identified as drawn from the same target

population, and
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2) to remove confounding factor, the covariates of two samples must be adjusted
to have identical Distribution.
The CCLM model has been identified valid through internal and external validity
test. This study shows that the CCLM model can successfully forecast the mode split

change associated with a parking charge imposition for the SOV and public transit

modes.



CHAPTER 9

CONCLUSION

This dissertation develops the Constrained Conditional Logit Model based on the
hypothesis that existed resource constraints have significant effect on individual’s mode
switching. Theoretical and empirical studies conducted in this dissertation support the
validity of this model and hypothesis.

The first contribution of this dissertation is the development of the CCLM model
which explicitly includes resource constraints into the decision making process and then
the switching probability function. This advance gets the discrete choice theory
underlying travel mode choice study consistent with the classical economic theory, and
specifies the assumption of inclusion of constraints proposed in some papers before. The
explanatory model estimation and the internal and external validity study in this
dissertation show that the Constrained Conditional Logit Model can successfully address
constraint issue without increasing the complexity on the model estimation.

This model therefore provides a tool for evaluating the effect of various
constraints. These constraints are no longer limited within time and cost, but extended to
a broad field. This advance makes it possible to analyze the effect of other constraints,
such as exogenously imposed schedules, physical needs, authority and morality.

The second contribution is the advance on the model estimation. A factor grid

searching approach developed originally in SP and RP data combination has been
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successfully applied on the joint estimation by the combination of two samples. This
process not only improves the efficiency of the estimation but also provides a tool on the
study of transferability of empirical models.

As the Constrained Conditional Logit Model can correct the errors caused by
failing to incorporate constraints in the indirect utility function, more precise estimates
for the attributes in systematic utility becomes passable. This improvement can help us to
promote the accuracy on predicting the individuals’ mode switching on the different site
and situation. This advance has been identified in the external validity test.

The third contribution is the improvement on the experimental design for external
validity test. A cross-sectional design is used in this study to replace the longitude design
which is usually used with panel data in the external validity test. The cross-sectional
design makes external validity test available in the situation where researchers have no
opportunity to manipulate both test and control conditions in the actual experiment.

The cross-sectional design can also avoid the time effect in the longitude design,
such as individual’s taste change with time. However, the cross-section experimental
design can only be used under the following conditions:

1) the two samples used in the cross-section experimental design must be

identified as drawn from the same target population, and

2) the two samples’s covariates distribution must be identical. Otherwise, the

mode split values must be adjusted.

If the above two conditions are not true in the real situation, confounding factor

will affect the observation of the actual mode switching behavior. The confounding effect
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caused by using two samples while forming a truth set has been studied in this
dissertation. The approach for the adjustment of the covariate values of the two samples
is another important contribution. Without removal of the confounding effect by the
covariate values adjustment, cross-sectional design has seldom opportunity to be applied
since 1t is impractical to expect the two samples with identical distributions of attributes
in the real world.

Further work 1s still needed to improve the approach for establishing empirical
models. As indicated in the above chapters, how to design the proposed travel alternatives
and the associated attributes so as to avoid the errors related to RP and SP combination is
still one of the existing issues. Further study about the survey method and data collection
is a critical topic.

The analysis of the effects of other constraints, such as physical and morality, on

the individual travel mode switching is needed by more empirical studies.



APPENDIX A
DERIVATION OF CONDITIONAL LOGIT MODEL

The utility used in discrete choice models is assumed as the sum of a systematic utility
term V,; and a random term €,,. Sub-index » and i here stand for individual » and

alternative /.
l]ni = V/7i+8ni (Al)

Given that the random term ¢, is a Weibull distributed variable. The density

ni

distribution function and the cumulative distribution function of g,;; are written as:

f(&,) =n, expl-p, (€, =k, )]exp{-exp[-p,(e, -2, (A.2)
and
F(e,;) =exp{-exp[-u, (e, —*,)]} (A.3)
where, p,, and A,,; are the scale factor and position factor. If term g,; is assumed to vary
independently and identically (/ID) for all alternatives and individuals, the probability
that the utility obtained from alternative i is larger than all other alternatives can be
written as :
P, (i) = Prob( Uy > max( Uy)) ) = Prob( V,te,; > max(V,;+e,;)

where, J is the total number of the alternatives available. Compute the probability of

max(V,+e,):

Probmax(V  +¢

nj Hj

J
y<el=]]Prob(V, +e, <&)

J=1
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J
= I_I exp[“exp(-‘ Hn (‘E - V;U - }\"’!f)
=1

= exp{~ Zﬁ).p[ w,(e=V, =28

J=l
Then write max(V,;+¢,;) to be ¥, *+¢,* . The probability can be written as
Prob(V, *+e*, <g)= Prob(e*,<eg-V*

Compare Equation (A.4) with (A.5), we obtain

J
exp(i, (V, * +4, )] = 2_exp[n, (¥, +4,)]

nj nf

The probability of choosing alternative i is obtained as:

Prob(e ,*—¢, <V, =-V*

ni

jf(e,,, JA)de i de, *

Byt =By <l
~2
0 F(e,»e,")
— n/’ *
- J‘ A - dgnidsn
£yt <l =10t 08 08
@ €ty
d

- | f g;[ =L (0, e e, *

e
) d E itV =V,

d .
—-:_iawe,,,)]{ [ RO SN

- H

od
= J-_C.i—”—-[lri(gni)]{]:j'(gni +I/m V *)ldg

Take Equation (A.3) into Equation (A.7), we obtain :
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(A.4)

(A.6)

(A7)



Prob(e, *—¢, <V, -V *)

= IH” exp[”}l" (Sm' - ?\',n)]exp{_expi_“n (Sni - ;\‘m')]} *

*exp{“— exp[_pll(g ni + I/IH - r/ * 1*)]}61’8 ni

exp[pn}\'ru:]
e\p(ullkﬂl) + ehp{ ;'ln(lm I/ * K *)

Id{e\p [—exp(—p,e,)*

*#[exp(p, A, ) +exp(—p, (V, =V, * =1, N}

_ exp(i, A, ) (1-0)
exp(%‘l‘n m) + e)\p[ pn(I ni _I/n * _7\"*)]

— exp[“n(r HF + km) (A 8)
exp(p, (V,, + A, )] +exp[p, (V, *+L, *)] '

Take Equation (A.6) into Equation (A.8), we obtain :

exp[“n (I/m + )"m )

explp, (7, + 4,00+ Eexpm.(V +2,)]

J= i

P ()=

exp[f‘ln (I ni + ?\'l” )

J
2 explp, (V, +,)]
(=1

(A.9)

Assume that position factor ,, in the above equation is zero, the probability of choosing

alternative i by individual » is obtained as :

Pn( ) — ehp(}'iﬂ IH) (A, 1 0)

Zew(un )

Equation (A10) is the ordinary form of the Conditional Logit Model.



APPENDIX B

CONTROL FILE FOR SIMULATION

The following control file was used in the estimation for the Constrained Conditional

Logit Model in Chapter 5.

*xk*Estimation for the Constrained Conditional Logit Model****

DATA 19,1
PRINT 80,63,3
END

- Parameter Definition

01 Travel Time

02 Travel Cost

03 Out-Veh_Time

04 Constraint_on_Travel Time
05 Constraints_on_Travel Cost

06 Constraint_on_Out-Veh Time

- Systematic Utility Function ( 1-Single Occupant Vehicle, 2-Carpool, 3-Transit)
util001= p01*d02+p02*d03+p03*d04+p04*d11+p05*d12+p06*d13

utilo02= p01*d05+p02*d06+p03*d07+p04*d14+p05*d15+pC6*d16

util003= p01*d08+p02*d09+p03*d10+p04*d] 7+p05*d18-+p06*d19

The following control file was used in the estimation for the Conditional Logit



Model in Chapter 5.

****Estimation for the Conditional Logit Model****
DATA 19,1
PRINT 80,63,3
END

- Parameter Definition

01 Travel Time
02 Travel Cost

03 Out-Veh_Time
- Utility Function ( 1-Single Occupant Vehicle, 2-Carpool, 3-Transit)
util001= p01*d02+p02*d03+p03*d04

util002= p01*d05+p02*d06+p03*d07
utilo03= p01*d08+p02#d09+p03*d10
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APPENDIX C

SURVEY QUESTIONNAIRES

Please consider each scenario independently and do not compare with others. (Values in
P ) P

bold change in each scenario)

Alternative 1, Single Occupant Vehicle

Cost of tolls and gas per day Your current cost™®
Parking space charge per day $5.00/day($100/month)

Alternative 2, Carpool

Carpool costs per person per day 1/2 your current drive alone cost*
Parking space charge per day 1/2 your drive alone parking space charge
Pick up location A shopping center parking lot
Extra time required for carpooling 10 min. for each one way trip
Guaranteed rider home Yes, 15 minute wait
Carpool subsidy paid to you per day $0.00

Alternative 3, Public Transit

Transit fare per day Current values*
Number of transfers Current number*
Extra time required for transit 25 min. for each one way trip
Guaranteed rider home Yes, 15 minute wait
Transit subsidy paid to you per day $0.00/day($0.00/month)

After comparing the characteristics of the three alternatives shown above, |
choose:

***Please check one and only one alternative®**

Drive alone

Carpool

S S N

Transit + MBL van service



APPENDIX D
CONTROL FILE FOR ESTIMATION

The following control file was used in the estimation for the Constrained Conditional

Logit Model in Chapter 7.

Estimation for the Constrained Conditional Logit Model

DATA 27,1
PRINT 80,63,3
END

- Parameter Definition

01 SOV _constant
02 CP_constant

03 Travel_Time

04 Travel Cost

05 Access_Time
07 Attitude_SOV
08 Attitude CP

09 Attitude Transit
10 Age

11 Familiar

12 Gender

13 Income

14 Travel Time_ Constraint

15 Travel Cost_Constraint
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- Systematic Utility Function ( 1-Single Occupant Vehicle, 2-Carpool, 3-Transit)

util001=p01+p03*d02+p04*d03+p05*d04+p07*d12+p10*d15+
+p11*d16+p12*d17+p13*d18+p14*d19+p15*d20

util002= p02-+p03*d05+p04*d06+p05*d07 +p08*d13 +pl4*d22+p15*d23
util003= p03*d08+p04*d09-+p05+d10+p09*d14 +pl4*d25+p15*d26

The following control file was used in the estimation for the Conditional Logit Model in

Chapter 7.

#*%* Estimation for the Conditional Logit Model****
DATA 27,1
PRINT 80,63,3
END

- Parameter Definition

01 SOV _constant
02 CP_constant

03 Travel Time

04 Travel_Cost

05 Access_Time
07 Attitude SOV
08 Attitude CP

09 Attitude Transit
10 Age

11 Familhar



12 Gender

13 Income

- Systematic Utility Function ( 1-Single Occupant Vehicle, 2-Carpool, 3-Transit)

utilo01=p01+p03*d02+p04*d03-+p05*d04-+p07*d12+p10%d1 5+
+pl1*d16+p12*d17+pl3*d18

util002= p02+p03*d05+p04*d06+p05*d07 +p08*d13

util003= p03*d08+p04*d09+p05*d10+p09*d14
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APPENDIX E
CONTROL FILE FOR JOINT ESTIMATION

The following control file was used in the estimation for the joint Constrained

Conditional Logit Model in Chapter 7.

**%% Estimation for Joint Constrained Conditional Logit Model****

DATA 31,1
PRINT 80,63,3
END

- Parameters

01 SOV_Constant_for MBL
02 CP_Constantfor MBL
03 SOV _Constant_for WP
04 CP_Constant_for WP
05 Travel Time

06 Travel_Cost

07 Access_Time

11 SOV_Attitude

12 CP_Attitide

13 Transit_Attitude

14 Age for SOV

16 Family_size for SOV

18 Gender for SOV

20 Income for SOV

50 Travel time_Constraint

99
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51 Travel cost_Constraint

- Systematic Utility Function ( 1-Single Occupant Vehicle, 2-Carpool, 3-Transit)

util001= p01*d02+p03*d04+p05*d06+p06*d07+p07*d08+pl 1 *d16+
+pl4*d19+p16*d20+p18*d21+p20*d22+ p51*d23+p52*+d24

util002= p02*d03+p04*d05+p05*d09+p06*d10+p07*d1 1+p12%d17 +p51*d26+p52*d27

util003= p05*d12+p06*d13+p07*d14+pl 3*d18+p51*d29+p52*d30



APPENDIX F

PROGRAM FOR ATTRIBUTE ASSIGNMENT

Program Assignment
implicit none
integer::1(58),1,]
real:;old_value(58),new_value(58),hold
open(unit=13 file="oldvalue.txt",status="old")
read(13,*) old_value
open(unit=14, file="newvalue.txt",status="old")
read(14,*) new_value
do i=1,58
1(1)=1
end do
do i=1,58
do j=I+1,58
if(old_value(i)<old_value(j)) then
hold=old_value(j)
old value(j)=old_value(1)
old_value(i)=hold
hold=l(j)
13)=1(1)
1(1)=hold
end if
if(new_value(i)<new_value(j)) then
hold=new_value(j)
new_value(j)=new_value(i)
new_value(i)=hold

end if
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end do
end do
do 1=1,58
do j=1,58
if(1(j).eq.1) old_value(i)=new_value(j)
end do
end do
open(unit=15 file="result.dat" status="o0ld")
write(15,%) old_value
stop

End Program Assignment
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