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Variables included in

Description of the Variables

Private | Public | Decision
Mode Mode
v MODE: Binary mode of transportation to
. work, 1 for private mode, 0 for
public mode.
v Y COST: Annual cost of travel to work in
hundred dollars
4 Cl—CZ: Annual cost difference between pri-
vate and public modes
4 Y tl: Annual time of travel to work for
private mode, in hundred hours
J/ J/ t2: Annual time of travel to work for
public mode in hundred hours
v/ Y Y CONST: Constant 1
Y Y SIZE: :Size of largest city in survey unit,
categorized variable with values 1 to
6 in decreasing order of actual size
4 Y ADEQ: Public transportation adequacy, 1 for
adequate, 0 for inadequate
4 Y ML*WK: Product of number of miles to working
place and number of weeks worked in
1971
v Y Y NE: Region dummy variable, 1 for north-
eastern region, 0 for others which
includes northcentral, southermn and
western regions
Y Y Y NC: Regional dummy variable, 1 for north-
central region, 0 for others
Y Y 4 S: Regional dummy variable, 1 for south-
_ erm region, 0 for others
Y Y WAGE: Average hourly earnings in dollars
in 1971
Y SEX: Sex dummy variable, 1 for male, O for
female
Y HOUR: Average hours worked per week
Y RACE: Race dummy variable, 1 for white,
0 for nonwhite
Y DIST: Distance to center of largest city
Y INCOME: Total annual income divided by an

index of family need
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5. Empirical Results:

The estimates of the reduced form decision function are
presented in Table 1. 'The estimates of the coefficients are
quite interesting. All the coefficients for the environmental
and socioeconomics variables have expected signs. Most of the
coefficients are significant at the 0.025 level of significance.
" However the income over needs variable and distance to center of

largest city are less significant.

Table 1

Probit Estimation of Decision Function in Reduced Form

Variables Probit Estimates Standard Error
CONSTANT -0.56025 0.33283
s1ze® 0.05397 0.03410
ADEQ -0.38815 * 0.11062
ML *WEEKS -0.00039 * 0.00007
DIST -0.05609 0.04425
NE -0.49041 % 0.15485
NC -0.18662 0.14903
S -0.22283 0.14494
INCOME 0.02965 0.03787
SEX 0.557997 * 0.11568
HOURS 0.02087 * 0.006947
RACE 0.59325 % 0.10799
WAGE 0.060002 * 0.026092

Log of likelihood function = -575.17951
-2 log likelihood ratio = 243.14572
'*' indicates a significance level of t statistics at 0.025.
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Table

2

Estimations for Cost and Time Equations (Private Mode)7

r

Cost Equations

Time Equations

Variables|{ 2 Stage Estimates 2SML 2 Stage Estimates 25ML
CONSTANT 0.8959 0.8986 1.0815 1.0825
(0.3784) (0.1574)
SIZE -0.107 -0.1064 -0.095 - [-0.0952
(0.045) (0.0489) (0.021) (0.0232)
ML*WK 0.003 0.0030 0.0013 0.0013
(0.0001) (0.0001) (0.00007) (0.0001)
NE 0.811 ‘0.0857 0.241 0.2397
(0.258) (0.3784) (0.121) (0.1577)
NC 0.312 0.3101 0.186 0.1858
(0.226) (0.3817) (0.106) (0.1530)
S 0.516 0.5137 0.261 0.2605
(0.234) (0.3673) (0.110) (0.1464)
WAGE 0.084 0.0839 0.031 0.0305
(0.025) (0.0144) (0.012) (0.0096)
¢(¥)) 0.657 ~0.074
- (0.376) (0.177)
¢(Yi)

2 stage estimates for the covariance matrix of disturbances:

I -
uu

[ 1.7735

5.5147 1.7735 ]
1.2002 °?

I = [0.657 -0.074]
ue

2SML estimates for the covariance matrix of disturbances:

z
uu

5.4895 1.7674

=0 1.7676¢  1.1988 1

z

u

e = [ 0.6377 -0.0822] .
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Table

3

Estimations for Cost and Time Equations (Public Mode)

|

Cost Equations

Time Equations

Variables 2 stage estimates 2SML 2 stage estimates 2SML
CONST 0.4472 0.1618 1.5883 1.5692
(1.5526) (0.8350)

SIZE 0.170 0.1497 -0.2867 -0.2876
(0.146) (0.1858) (0.0850) (0.1125)

ADEQ 0.028 0.0641 -0.3026 -0.3094
(0.562) (0.4008) (0.3276) (0.3866)

ML*WK 0.002 0.0021 0.0012 0.0012
(0.0004) (0.0003) (0.0002) (0.0002)

NE 0.837 0.9320 1.3244 1.3334
(0.644) (1.1040) (0.3749) (0.4647)

NC 1.056 1.1068 1.1177 1.1275
(0.630) (1.0923) (0.3669) (0.4694)

S 0.617 0.7177 1.4914 1.5007
(0.610) (0.9795) (0.3550) (0.4395)

WAGE 0.198 0.1752 0.1145 0.1138
(0.109) (0.1724) (0.0637) (0.0796)

¢(¥)) -0.546 -0.2158
—_— (0.610) (0.3556)
1—¢(Wi)

2 stage estimates for the covariance matrix

= [

X
vv

2SML estimates for the covariance matrix of

= [

zvv f [

“ 1102314

1.2314

7.4955 ]
2.5819 *°

1.2024

7.3593 ]
2.5842

1.2024

Ve

vE

of disturbances:

~0.546 -0.2158 ]
disturbances:
-0.3301 -0.2029 ]
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Table 4

Estimations for Decision Function in Structural Form

2 stage Probit esti-

2 stage Probit Estimates 2SML mates with constraint
CONST -0.6489 -0.5571 -0.6281
(0.3580) (0.8551) (0.3015)
ADEQ -0.2640 -0.2698 -0.2670
(0.0973) (0.1648) (0.0934)
NE -0.9011 -0.9770 -0.89384
(0.2141) (1.0382) (0.2032)
NC -0.8018 -0.894 -0.7874
(0.2344) (1.1321) (0.1945)
S ~0.7157 ~0.7983 -0.7074
(0.1932) (0.8735) (0.1770)
SEX 0.5356 0.5354 0.5397
(0.1145) (0.1184) (0.1082)
HOURS 0.0218 0.0218 0.0217
' (0.0068) (0.0078) (0.0068)
RACE 0.6113 0.6142 0.6141
(0.1024) (0.1081) (0.0989)
tl -0.3302 -0.3240
(0.1410) (0.4559)
t2 0.3414 0.3654
(0.1237) (0.4812)
t, - t -0.3382
1 2 (0.1199)
Cl - C2 -0.3643 -0.4228 -0.3530
(0.1222) (0.5838) (0.0623)
log likeli-~
hood value -576.884 ~-576.890
=2 In 1ikeli- 239.736 239.725

hood ratio
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Table 5

OLS Estimations for Cost and Time Equations (Private Mode)

Variables Cost Equation Time Equation
CONST 0.6351 1.1109
SIZE -0.080 -0.098

(0.042) (0.020)

ML *WK 0.003 0.001
(0.0001) (0.00005)

NE 0.718 0.252

(0.252) (0.119)

NC 0.299 0.187

(0.226) (0.106)

S 0.430 0.271

" (0.229) (0.108)

WAGE 0.101 0.029

(0.023) (0.011)

2
R 0.3477 0.3097
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Table 6

OLS Egtimations for Cost and Time Equations (Public Mode)

{;ariables Cost Equation Time Equation
CONST -0.1946 1.3345
SIZE 0.127 -0.304
(0.138) (0.080)
ADEQ. 0.217 -0.228
(0.521) (0.303)
ML*WK 0.002 0.001
(0.0003) . (0.0001)
NE 1.014 1.395
(0.612) (0.356)
NC 1.131 1.147
(0.624) (0.363)
S 0.771 1.552
(0.584) (0.340)
WAGE 0.133 0.089
(0.082) (0.048)
R2 0.2041 0.2765
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Table 7

Estimations for Decision Function in Structural Form With Least Squares

Coefficients from First Stage

Variables 2SPE 2SPE With Constraints
CONSTANT -0.6152 -0.18196
(0.37750) (0.30432)
ADEQ -0.40400 -0.37857
(0.09727) (0.09602)
NE =-1.47672 -1.07753
(0.31079) (0.22448)
NC -1.52505 -0.91767
(0.38783) (0.21673)
S -1.31802 -0.88845
(0.30480) (0.19944)
SEX 0.53581 0.60582
(0.11380) (0.10781)
HOURS 0.02166 0 02022
(0.00682) (0.00678)
RACE 0.61387 0.66688
(0.10158) (0.09768)
t1 0.01751
(0.24893)
t2 0.49369
(0.14764)
tl-tz -0.39255
(0.13372)
C1 - C2 -0.91395 -0.42164
(0.26634) (0.07064)
2n likelihood
value -576.068 -578.008
-2%n likelihood
ratio 241.368 237.488







-32~

Appendix 1: Likelihood function and its first order derivatives

The log likelihood function for our model is,
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Appendix 2: Biases in the Least Squares estimation procedure

The inconsistency and asymptotic bilases in our model can be
analyzed as follows: To simplify the notations, denote the set
of exogeneous variables which have been excluded in the decision

function by W. Our model is

C1 = Zalo + Wdll + vy

T
]

1" gt Wyt Yy

Za20 + Wa21 + u2

(@]
L}

o
L]

2 = 2By FWByy *+ vy

* = -C Y=
I ch + ;2t1 + ;3t2 + r,a(c1 C2) €

With observed samples, ordinary least squares applied to each cost
and time equation without adjusting the omitted terms are inconsis-
tent. The bilases in these specification errors are well-known
(see, e.g. Johnston [3], p. 168-169); the extent of the biases
depending on the correlations between the included and omitted
variables and the coefficient of the omitted variable.

To analyze the biases in the decision function estimates, we
can proceed as follows:

»*
X = *x * * -
IF = 2(gy + 03B o *+ T8y + f(a197050)) + W(TEB, ;) + T48,y,

+ oflayy = o) + ex

where var(ex) = 1, ;; - ci/k . Let
s % * - :
Gy = 8+ thBio * E3By0 * T4(oggmy) amd 2

= % * * -
Cp = T5Byy * %8y + Chapgmagy) (2)
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which are the true parameters of the reduced form decision function.

C*
3
; - * =
It follows [Bll, 821, %y a21] C3 C2 and
23
*x = C * * *
2= Cp - 53810 ~ TEBa0m %4(®gm%g) -

The matrix [811’821’a11-°21] has full column rank which is the
identification condition for the decision function.

The least squares estimates f and ¢ of B and o are
inconsistent and the biases are determined from the following
relations.

plim B,, = B,, + AB

ij ij ij

aq +Aa,

pPlim o 14 14 °

13 1=1,2; §=0,1,

where AB and X are the blases. Let

¢t = plim ¢, , 1=1,2,3

where Ei is the probit estimates with cost and time variables
constructed from least squares estimates. This probit procedure
however gives consistent estimates of the reduced form coefficients.

In the limit, one has

-k + ok - .
Cp = of + t5(B gtB )HTy(By B8 g)+0 (o) g Bay) )

%10 %20

Cp = 23(B ¥ By )Hes(By Byy) Hej(og tay agBay) (%)



This implies from (2) and (4),

(cg-cg) By * (cg - cg)s21 + (cz - r,z)(a11 - a21)

-

= -T3RB)y — YAy - RjGagy 88y

t3 - o3
Ik - k| = -k -7 -7 -

=> [B1sBp10g @ o] [F - BY| = 308y TRRy (e gy mheyy)
gy _ ok

This implies that the biases are

' '
2 09 Bl !
~* * o™ e ' Eod '
53 5% (1821 (811 B21 91 = %11 [Byy
' "
% 11 %21 83 " %1t

(2388, + £388y) + Cf(Beyy —a,y))

The extent of the biases depends on the true parameters, the least
squares biases and the limits of the probit estimates. It follows

from (1) and (3) that the bias for ;{ is

S - Tk — % T T Tk -
- o= UByg Byp 107020 [B§ T CH| * C5AB gERRE,0TEL (Be gmRa50))
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Footnotes

In our empirical applications, the cost Ci ‘and time ti

for both modes are total annual cost and time. The various
components have not been identified in our survey samples.

The inconsistency and the biases are presented in Appendix 2.
In our empirical application, the 2SML violates the constraints
of the unknown parameters, namely the positive definite pro-
perties of the covariance matrix of the disturbances. Anyhow,
one can easily modify the 2SML procedure in this s}tuation as

-1 -~
3 an(e) 34nL ()

e*-é [
N0 200 %0
where CN is defined as follows:
C* , 1if any constraint om the parameter
space 1is violated
cN-n{

1 , 1if constraints on the parameter space
are satisfied,

. 2, = -1 -
with C*€[0,1] such that 0%k = @ - c*[228L(9), _a%%._(gl
30 30"

maximizes the 2nL(®) along the direction aLnL(8)/90 . It

1s obvious if the true parameters are in the interior of the
parameter space, plim CN = 1 and hence this modified 2SML

is also asymptotically efficient.

The values of SIZE are in reverse order from the actual city
si1zes. The probit estimates indicates private mode 1is less
preferred in large cities.

In a prelimiﬁary estimation, the hourly earnings variable was
puﬁ,into a decision function but the estimated effect was quite

small and insignificant although the sign was positive.
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One can compare the value of time derived from equations (7.1')
and (7.2') in page 160 in Domencich and McFadden [2].

Estimates in the brackets are standard errors in all the tables.
It should be noted that this is not an exact statistics. It
would be exact if the investigators assumed that the predicted
cost and time variables were the correct exogeneous variables.
These are the cases in many empirical estimations with proxy

variables.
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