


Table 5: Baseline Parametrization

Parameter 1910 1920 1930 1940 1950 1960 1970

Income Distribution

Mean (thous. of $a/year) 7.13 9.21 10.00 15.23 19.47 24.84 28.25

Standard Deviation (thous. of $) 3.72 4.80 5.22 7.94 10.15 12.95 14.73

Minimum Income Level (thous. of $/year) 1.97 2.55 2.76 4.21 5.38 6.86 7.80

Maximum Income Level (thous. of $/year) 19.91 25.72 27.92 42.49 54.33 69.30 78.81

Price of Car (thous. of $) pc,t 32.88 14.93 9.41 9.66 14.25 15.40 12.27

Agricultural Land Rent ($/Lotb) qA,t 7.29 4.86 3.21 5.23 13.89 11.23 19.55

Transportation Costs

Bus

Fixed Cost ($/day) γb,t 0.05 0.11 0.25 0.58 1.33 3.05 6.97

Time Cost (hours/mile) τb,t 0.46 0.77 1.30 1.53 1.86 2.91 4.08

Average Distance (miles) 2.32 1.01 0.45 0.31 0.26 0.15 0.08

Wage at Average Distance ($/hour) 5.61 5.61 4.56 5.55 7.15 7.59 6.70

Average Variable Cost ($/day) 5.97 4.35 2.64 2.62 3.47 3.25 2.28

Average Total Cost ($/day) 6.02 4.46 2.90 3.20 4.81 6.30 9.25

Car

Fixed Cost ($/day) γc,t 5.88 2.44 4.06 4.87 6.69 7.19 8.11

Time Cost (hours/mile) τc,t 0.46 0.25 0.20 0.16 0.15 0.14 0.11

Average Distance (miles) – 5.02 5.46 6.86 6.19 6.95 8.13

Wage at Average Distance ($/hour) – 10.84 10.43 14.64 18.48 22.53 23.79

Average Variable Cost ($/day) – 13.44 11.51 15.77 17.66 22.52 21.76

Average Total Cost ($/day) – 15.88 15.57 20.64 24.35 29.71 29.88

a All dollars are constant 2000 dollars.
b One lot is 12,910 square feet. (See footnote 18 for details.)
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Table 6: Baseline Model Results

1910 1920 1930 1940 1950 1960 1970

Car ownership (%)

Data 0.93 14.12 33.57 35.39 46.02 65.66 84.11

Model 0 5.36 19.09 35.52 35.22 51.27 72.47

Population density gradient

Data 0.83 0.79 0.66 0.61 0.39 0.31 0.23

Model 0.86 0.83 0.63 0.46 0.51 0.46 0.37

(0.9829)a (0.9219) (0.8617) (0.8644) (0.8476) (0.8492) (0.8605)

% change in gradient

Data -4.8 -16.5 -7.6 -36.1 -20.5 -25.8

Model -3.97 -24.16 -25.83 10.73 -11.46 -19.07

End of Bus Users (miles) 6.25 2.91 1.47 1.08 0.94 0.56 0.31

Boundary of City (miles) 6.25 7.98 11.69 15.34 12.70 15.83 17.90

a R-squared in parenthesis.
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Figure 10: Capital Stock per Capita of Equipment and Structures for Intercity and Local Pas-
senger Transit, 1947-1970. Source: Fixed Reproducible Tangible Wealth in the United States,
1925-70.
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Figure 11: Public Transit Ridership per Capita, 1902-1970. Source: Jones (1985).

Table 7: Net Capital Expenditures of Urban Transit Properties, 1890-1950.

Net Expenditures
Year (millions in 1929 dollars)

1890 74.0
1895 176.2
1900 170.9
1905 229.8
1910 66.1
1915 15.2
1920 -128.5
1925 -105.4
1930 -85.3
1935 -60.7
1940 -10.4
1945 -58.4
1950 -53.5

Source: Ulmer (1960).
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Table 8: Counterfactual Experiments
1910 1920 1930 1940 1950 1960 1970

1. Data

Car-Owners 0.93 14.12 33.57 35.39 46.02 65.66 84.11

Density Gradient 0.83 0.79 0.66 0.61 0.39 0.31 0.23

2. Baseline Model

Car-Owners 0 5.36 19.09 35.52 35.22 51.27 72.47

Density Gradient 0.86 0.83 0.63 0.46 0.51 0.46 0.37

3. Prices and Wages Remain at 1910 Values

a) With rising cost of public transportation

Car-Owners 0 0 0.20 0.27 0 0.34 0.52

Density Gradient 0.86 1.42 2.05 2.38 3.58 4.62 6.79

b) Without rising cost of public transportation

Car-Owners 0 0 0 0 0 0 0

Density Gradient 0.86 0.85 0.84 0.85 0.88 0.87 0.90

4. Price of Car Remains at 1910 Value

a) With rising cost of public transportation

Car-Owners 0 0.19 2.43 9.93 15.88 29.65 43.09

Density Gradient 0.86 1.29 1.13 0.68 0.67 0.55 0.47

b) Without rising cost of public transportation

Car-Owners 0 0 0 2.22 3.57 7.23 11.20

Density Gradient 0.86 0.85 0.84 0.60 0.59 0.47 0.40

5. Wage Distribution Remains as in 1910

a) With rising cost of public transportation

Car-Owners 0 2.65 11.20 12.92 6.21 8.51 17.30

Density Gradient 0.86 0.97 0.74 0.70 1.27 1.23 1.18

b) Without rising cost of public transportation

Car-Owners 0 0 2.27 2.98 0 0 0

Density Gradient 0.86 0.85 0.65 0.61 0.88 0.87 0.90

6. Stock of Highways and Roads per Capita Remains as in 1910

Car-Owners 0 0.65 8.63 17.80 18.86 33.34 53.62

Density Gradient 0.86 1.26 1.26 1.18 1.27 1.23 1.22

7. Time and Fixed Cost of Public Transit Remains at 1910 Value

Car-Owners 0 1.10 5.52 14.44 12.06 16.92 26.19

Density Gradient 0.86 0.73 0.56 0.42 0.46 0.39 0.32

8. Stock of Highways and Roads per Capita,

and Cost of Using Public Transportation at 1910 Values

Car-Owners 0 0 0 0 0 0 0

Density Gradient 0.86 0.85 0.84 0.84 0.85 0.84 0.85
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7 Appendix

7.1 Proofs of Lemma 1 - 2

Proof. [Proof of Lemma 1] To derive the slope of xb (λ) , first totally differentiate equation (5)

q′ (x)
q (x)

=
−t2 (wλ, x)

(1 − α) [wλ − t (wλ, x)]

with respect to x and λ. This gives

q′′

q
−

(
q′

q

)2 dx =
− [t22dx + t12wdλ]

(1 − α) [wλ − t (wλ, x)]
− (−t2) (1 − t1) wdλ + (−t2)2 dx

(1 − α) [wλ − t (wλ, x)]2 . (7.35)

Consider the LHS of the above expression,

LHS =

{ −t22

(1 − α) [wλ − t (wλ, x)]
− (−t2)2

(1 − α) [wλ − t (wλ, x)]2

}
dx

+

[
wt12

t2
− w (1 − t1)

wλ − t (wλ, x)

]
(−t2) dλ

(1 − α) [wλ − t (wλ, x)]

=

 t22

t2

q′

q
− (1 − α)

(
q′

q

)2 dx +

[
wt12

t2
− w (1 − t1)

wλ − t (wλ, x)

] (
q′

q

)
dλ.

The second equality is obtained by using (5). Equality (7.35) can then be simplified as

q′′

q
− α

(
q′

q

)2

− t22

t2

q′

q

 dx =

[
wλt12

t2
− wλ (1 − t1)

wλ − t (wλ, x)

] (
q′

q

)
dλ
λ
.

The desirable results can be obtained if the following inequality holds

q′′

q
− α

(
q′

q

)2

− t22

t2

q′

q

 > 0. (7.36)

The reason is, since q (x) is decreasing, xb (λ) is monotonically increasing if and only if

wλt12

t2
<

wλ (1 − t1)
wλ − t (wλ, x)
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for all positive wλ and x. The RHS of the above inequality is the percentage increase in net

income when labor income, wλ, increase by one percentage. Given the log utility, this coincides

with the income elasticity of housing demand. Hence, what remains is to show that condition

(7.36) holds. It turns out that (7.36) is a sufficient condition to ensure that xb (λ) is an interior

solution for the maximization problem.

Given (2.2) and (2.3), the optimization problem (P1) is equivalent to

max
x
{U (x) = ln [wλ − t (wλ, x)] − (1 − α) ln q (x)} .

The first-order and second-order derivatives are given by

Ux =
−t2

wλ − t (wλ, x)
− (1 − α)

q′ (x)
q (x)

,

Uxx =
−t22

wλ − t (wλ, x)
− (−t2)2

[wλ − t (wλ, x)]2 − (1 − α)
q′′

q
−

(
q′

q

)2 .

Given that Ux = 0, Uxx < 0 if and only if

(1 − α)
q′′

q
−

(
q′

q

)2 > −t22

wλ − t (wλ, x)
− (−t2)2

[wλ − t (wλ, x)]2

⇔ (1 − α)
q′′

q
−

(
q′

q

)2 > −t22

wλ − t (wλ, x)
− (1 − α)2

(
q′

q

)2

⇔
q′′

q
− α

(
q′

q

)2 > −t22

(1 − α) [wλ − t (wλ, x)]
.

Proof. [Proof of Lemma 2] Let Wc (x; λ) denote the value function of a car-owner with ability λ

who locates at x. By definition,

Vc (λ) ≡ Wc [xc (λ) ; λ] ≥ Wc (x; λ) for all x ≥ 0.
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Similarly, define Wb (x; λ) for bus-users. Then,

Vb (λ) ≡ Wb [xb (λ) ; λ] ≥ Wb (x; λ) for all x ≥ 0.

Suppose λ̄ exists so that Vc
(
λ̄
)

= Vb
(
λ̄
)
. This implies

Vb
(
λ̄
)
≥ Wc

[
xb

(
λ̄
)

; λ̄
]

and Vc
(
λ̄
)
≥ Wb

[
xc

(
λ̄
)

; λ̄
]
. (7.37)

The first inequality states that conditional on living in xb

(
λ̄
)
, the agent with ability λ̄ has no

incentive to switch to own a car. Since both car-owners and bus-users pay the same rent at

xb

(
λ̄
)
, the inequality implies

wλ̄ − t
[
wλ̄, xb

(
λ̄
)]
≥ wλ̄ − τ

[
wλ̄, xb

(
λ̄
)]
− pc,

or

0 ≥ t
[
wλ̄, xb

(
λ̄
)]
− τ

[
wλ̄, xb

(
λ̄
)]
− pc. (7.38)

The second inequality in (7.37) can be interpreted similarly and implies

t
[
wλ̄, xc

(
λ̄
)]
− τ

[
wλ̄, xc

(
λ̄
)]
− pc ≥ 0. (7.39)

Define a function g : R+ → R by

g (x) = t
(
wλ̄, x

)
− τ

(
wλ̄, x

)
− pc.

Following the assumptions on t (wλ, x) and τ (wλ, x) , the function g (·) is differentiable with

first-order derivative given by

g′ (x) = t2

(
wλ̄, x

)
− τ2

(
wλ̄, x

)
> 0 (7.40)

for all x ≥ 0. This, together with (7.38) and (7.39), implies xc

(
λ̄
)
≥ xb

(
λ̄
)
. For reasons stated in

the text, xc

(
λ̄
)
> xb

(
λ̄
)

cannot hold in equilibrium. Hence, xc

(
λ̄
)

= xb

(
λ̄
)
.
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7.2 Numerical Algorithm

The model’s equilibrium is computed numerically using the algorithm outlined below.

1. Guess on a value of λ̄. Compute q(λmin) using (3.30) and (3.32).

2. Solve the bus-user’s initial value problem for xb(λ) and qb(λ).

3. Compute x̄ using (3.16).

4. Update guess on λ̄ and iterate until |x̄ − xb(λ̄)| is less than desired tolerance.

5. To check the solution, solve the car owner’s initial value problem. Verify that qc(λmax)

‘equals’ qA.
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