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77T 717NN ON2 N1Y1010 190N N1WNA - 17 N17
Table 1: Fuel Price Elasticities of the Number of Car Trip

The Netherlands' Italian
Term/ purpose Literature EU national model national
system (NMS) model

Model for
Brussels

Short term:
Commuting
Home-based business
Non-home-based business
Education
Other
Total
Long term:
Commuting
Home-based business
Non-home-based business
Education
Other
Total

Note: All elasticity comparisons in this paper are in terms of absolute values. For instance, an elasticity of—0.3 will be said to be 'higher' than
an elasticity of—o.2.
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Table 2: Overall results: elasticities of various measures of demand with respect to fuel price per litre
produced by dynamic estimation using time series data

Dependent variable Short-term Long-term

Fuel consumption (total)
Mean elasticity -0.25 -0.64
Standard deviation 0.15 0.44
Range -0.01,-0.57 0,-1.81
Number of estimates 46 51
Fuel consumption (per vehicle)
Mean elasticity -0.08 1.1
Standard deviation n/a n/a
Range -0.08,-0.08 -1.1,-11
Number of estimates 1 1
Vehicle-km (total)
Mean elasticity -0.10 -0.29
Standard deviation 0.06 0.29
Range -0.17,-0.05 -0.63,-0.10
Number of estimates 3 3
Vehicle-km (per vehicle)
Mean elasticity -0.10 -0.30
Standard deviation 0.06 0.23
Range -0.14,-0.06 -0.55,-0.11
Number of estimates 2 3
Vehicle stock
Mean elasticity -0.08 -0.25
Standard deviation 0.06 017
Range -0.21,-0.02 -0.63,-0.10
Number of estimates 8 8

n/a=Not available
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Table 4: Elasticities of Demand for Passenger Transport (All elasticity figures are negative)

Range Surveyed

Market

Most Likely .
Mode Derr.la.n'd Elasticities e No. of Studiesc
Elasticities

Mode Choice

Aira:
Vacation 0.40-4.60 0.38 110-2.70 8
Non-Vacation 0.08-4.18 0.18 0.40-1.20 6
Mixedb 0.44-4.51 0.26-5.26 0.70-2.10 14
Rail: Intercity
Leisure 1.40 1.20 1.40-1.60
Business 0.70 0.57 0.60-0.70
Mixedb 0.11-1.54 0.86-1.14 0.30-1.18 8
Rail Intracity
Peak 0.15 0.22-0.25 0.20-0.40 2
Off Peak 1.00 <1.00 1
All Dayb 0.12-1.80 0.08-0.75 0.10-0.70 4
Automobile;
Peak 0.12-0.49 0.02-2.69 0.10-0.70 9
Off Peak 0.06-0.88 0.16-0.96 0.20-1.10
All Dayb 0.00-0.52 0.01-1.26 0.10-1.10
Bus:
Peak 0.00 0.03-0.58 0.10-0.70
Off Peak 1.08-1.54 0.01-0.69 0.10-1.10
All Dayb 0.10-1.62 0.03-0.70 0.10-1.30 1

INRN1 .PYTN 1NN NID PTAIW 1NNN DIIWRIN DTINNRNA
01NN 1MN 1NN NIRYY DTIARNAN N P70 13pTa 71ONRN
001N NN 1BVAW1 1INXNW  DTINRNNT L, D1MPTRAN 1Y
Out of pocket costs) .quiw 'apa "nn 9y 11W'Nn NN 1002
.N"IN1 NIIAN L, PYT N19Y7 AR1IN 722 Na1130 .(operating costs 1N
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NINNO1] .21 NA0]
N1 M1

Mean value (consumer surplus) of peak commute in initial regime for commuter
idefined as V. Mean value of shadow cost of off-peak commute in initial regime
defined as Sj. Random term for value around Vi is e1j ~ N(0,1). Random term for
value of off-peak trip is €2; ~ N(0,SD2). For most runs, SD2=0.4.

P refers to peak travel, O refers to of f-peak travel, N refers to no travel. (Zero
consumer surplus by definition.)

TPjis the effective relative toll for agent i for peak travel in the Pigovian regime;
TOi is the effective relative toll for offpeak travel. The toll adds the additional
money cost but deducts the value of the time saved. The toll is occasionally
negative, either because there is not much congestion and the Pigovian toll is less
than the blo tax on gasoline, or because a driver has a very high value of time so
that the time saving is worth more than the additional money cost.

TPj=(TOLLPEAK;-BLO) * KMj-(TIMEPEAK1;-TIMEPEAK2{)*TIMEVAL;

TOj = (TOLLOFFPEAK;-BLO) * KM;-(TIMEOFFPEAK1;{-TIMEOFFPEAK?2;) * TIMEVAL;

For simplicity, the subscripts are left out in the equations.

CDF is the cumulative distribution function of the normal distribution. PDF is
the probability density function, which is the derivative of CDF. The mean is zero.
The standard distribution is 1 for e1 (hence not indicated in the formulas) and
SD2 fore2.
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Value of travel in the various times and regimes for a given realization of e1 and ez are:

V(P1) =V +el
V(O1)=V+el-S+e2
V(P2)=V+e1-TP
V(02)=V+el1-S+e2-TO

Conditions for choose P1: V(P1) >0, V(P1) > V(O1). This implies: V> -e1,S>e2. Hence
the probability is:

P(P1) = CDF(-V)*CDF(S,SD=SD2)

Conditions for choose O1: V(O1) > 0, V(O1) > V(P1). This implies e1 + e2> (S-V), e2 >S.
Foreach e2, e1 > (S-V-e2) which has a probability of 1-CDF(S-V-e2). Integrate over
all e2 greater than S; the density for each e2 in the integral is PDF(e2). Hence the
probability is given by:

PO = [, [I-CDF(S-V-e2)]PDF(e2)
WELFARE CALCULATIONS

There are nine possible transitions for a commuter: peak-peak, peak-offpeak,
peak-none; offpeak-peak, offpeak-offpeak, offpeak-none; none-peak,
none-offpeak, none-none. Each has an associated probability and expected gain

or loss in consumer surplus.

PEAK-PEAK

Conditions: V(P1) > o, V(P1) > V(O1), V(P2) > 0, V(P2) > V(02).
V>-e1,5>e2,V-TP>-el,V-TP+el1>V+el1-S-TO+e2i.e.—-TP>e2-S-TO.
Henceel>-V,e1>-(V-TP)i.e.el1>max(-V,TP-V)
Alsoe2<S,e2<S+TO-TP,i.e.e2 <min(S,S+TO-TP)

Consumer surplus change is just the netindividual toll for peak travel: -TP.
ECS(P1, P2) = -TP*[1-CDF(max(-V.TP-V)] * CDF(min(S,S+TO-TP,sd=SD2))

PEAK-OFFPEAK

Conditions: V(P1) > o, V(P1) > V(01), V(O2) > 0, V(02) > V(P2).
V>-e1,5S>e2,V-TP>-el;e1+e2>S—-TO-V,e2>S+TO-TP

Changein consumer surplusis: (V +el+e2—-S—TO)— (V +el) =e2—-S—-TO.
Integrate over e2:

ECS(P1,02) = [ ,1_1p (€2-5-TO) * [1-CDF(max(5+TO-V-¢2,-V)JPDF(e2,5D2)
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PEAK- NONE

Conditions: V(P1) >0, V(P1) > V(0O1), V(P22) <0, V(02) <0
V>-el,5>e2,V-TP<-el;el+e2<S-TO-V
-V<el<TP-V
Alsoe2<S,e2<S—-TO-V—elie.e2<min(S,S-TO-V-el)

Change in consumer surplus is—(V + e1). Integrate over €1:

ECS(P1,N2) = 177V (-e1-V) * CDF(min(S,5+TO-V-¢1), SD2)PDF(e1)

OFFPEAK-PEAK

Conditions: V(O1) > o, V(O1) > V(P1): V(P2) >0, V(P2) > V(02)
el+e2>(S-V),e2>S;e1>TP-V,e2<S+TO-TP
el>max(S-V-e2,TP-V)

S<e2<S+TO-TPsotheseare the limits of integration over e2.

Changein consumer surplus: S—TP—e2. Save shadow cost (S-e2), pay toll.

ECS(01,P2) = |4 "0 TP [1-CDF(max(TP-V.S-V-e2))] * PDF(e2)
OFFPEAK-OFFPEAK

Conditions: V(O1) > 0, V(O1) > V(P1): V(0O2) > 0, V(02) > V(P2)
el+e2>(S-V),e2>S;e1+e2>S+TO-V,e2>S+TO-TP
e1>max(S-V-e2,5+T0-V-e2). For any given e2, this can be calculated directly with
the CDF of the standard normal.

The bounds on e2 are: e2>max(S,S+TO-V) so these are the bounds of integration
where the PDFis fore2, i.e. SD=SD2.

Change in welfare is—TO, the commuter just loses the toll.

ECS(01,P2) =-TO J-,C,OAX(5(5+TO_TPJ[1—CDF(max(S+TO—V—e2,S—V—ez))] * PDF(e2)
OFFPEAK-NONE

Conditions: V(O1) >0, V(O1) > V(P1); V(P2) <0, V(02) <0

Changein consumer surplus: -(V +e1+e2—-S)

ECS(O1,P2) = [§ " (JMINCP-VTO*S2-V) (4e142-5) * PDF(e1) ] * PDF(e2,5D2)
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NONE - PEAK

Conditions: V(P1) <0, V(O1) <0, V(P2) > 0, V(P2) > V(02)

This will only occur when TP < 0, a negative toll. This characterizes high-income

individuals when the time savings due to a toll regime are worth more than the toll

itself. There are always individuals like this in our distribution.
TP-V<el<-V; e2 <min(S-V-e1,5+TO-TP)

Change in consumer surplus: V +e1—TP, there is a welfare gain.
ECS(N1,P2) = [ ., (V+€1-TP) * CDF(min(S-V-¢1,S+TO-TP),SD2)PDF(e1)
NONE - OFFPEAK

Conditions: V(P1) <0, V(O1) <0, V(02) >0, V(02) > V(P2)

Again, this will only occur when TO < 0, a negative toll. Hence the lower limit of

integration is the upper limit plus TO.
Welfare gainisV+el+e2-S-TO

ECS(N1,02) =
) min-V,S-e2-

v
[ maxs+0,5:10 1) 5e2-vs10  (V+€1+€2-5-TO) * PDF(e1) ] * PDF(e2,5D2)

NONE-NONE

The consumer surplus is zero in both regimes so there is no contribution to the

consumer surplus calculation.
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