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Abstract: Travel demand forecasts are subject to great
uncertainties. A systematic uncertainty analysis provides
insight into the level of confidence in the model outputs, and
can lead to identification of the critical sources of uncertainty.
An uncertainty analysis is made of a combined travel demand
model (CTDM) with the sensitivity-based analytical method
(SAM). The CTDM, on the basis of a single unifying
rationale, is formulated as a nonlinear programming problem,
and the sensitivity analysis is also made. The uncertainty
analysis includes both input uncertainty and parameter
uncertainty. The SAM, which requires less computational
effort than sampling-based method in the uncertainty analysis,

can obtain similar accuracy and can investigate the input
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uncertainty and parameter uncertainty separately. In order to
improve credible level of outputs, to increase the accuracy of

parameters is more effective than that of inputs.
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Tab.1 Zonal data for the Sioux Falls network

i REp=t N; I
1 1 55 000 3.0
2 2 5 000 2.0
3 4 17 000 1.5
4 5 38 000 3.5
5 13 55 000 1.8
6 14 48 000 2.0
7 15 58 000 6.3
8 20 20 000 3.0
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Tab.2 Derivatives of outputs with

respect to inputs

5@ ﬁ Ny N, 1V3 Ny ]\75 ]\76 N7 ]Vg

Ty 0.855 —0.001 -0.001 -0.001 -0.001 0 0 0
T1o 0.145  0.001 0.001 0.001 0.001 0 0 0
Ti-7  0.381 -0.004 -0.005 -0.006 —0.006 —-0.003 0 0
Ti-7¢ 0.212 0.006 0.007 0.008 0.001 -0.002 0 0.001
Ti-7¢ 0.169 -0.010 -0.012 -0.014 -0.006 —-0.002 0 =0.001
Vic 0.062 —0.005 0.147 0.013 0.065  0.013 0.092 0.010
V1t 0.105 -0.024 0.029 0.002 0.027  0.006 0.056 —0.004
[ 0.419  0.266 0.363 0.438 0.487  0.946 0.815 0.740
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Tab.3 Derivatives of outputs with respect

to parameters

fth By Ba B By ac Ve

T, 120.386 -4.406 -0.318 -0.137 -0.076 —0.003
Tho —-120.386 4.406 0.318 0.137 0.076 0.003
Ty-7 51.575  32.999 -2.428 -2.198 -0.512 -0.031
T1-7¢ 31.014 17.832 -0.933 -1.066 -1.312 —-0.060
Ty-7t 20.561  15.167 -1.495 -1.133 0.799 0.029
V1e 39.855 0.247 0.384 -0.689 -0.763 0.088
V1t 27.663 —5.424 -1.546 0.104 2.433 0.186
T 453.482  31.147 2.547 -6.601  88.156 7.135
i at Yt Iy hy-7 hi-7¢c hi-7¢

T, -0.880 0.003 0.675 0.301 0.168 0.133
T 0.880 -0.003 -0.675 -0.301 -0.168 —0.133
T1-7 -7.525 -0.057 0.301 5.858 3.149 2.709
T1-7¢ 15.615 —0.030 0.168 3.149 6.488 —3.339
T1-71 -23.140 -0.027 0.133 2.709  -3.339 6.048
Vie 15.009 0.057 0.049 0.549 1.297 -0.748
V1t —7.402 0.237 0.083 -0.434 -1.020 0.587
ty 364.164 2.491 0.331 2.511 -1.375 3.886
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Tab.4 Correlation of inputs and outputs

i Ny N» N3 Ny Ns Ns N7 Ns

T, 1.00 0 0 0 0 0 0 0
T 1.00 0 0 0 0 0 0 0
Ti-7 1.00 0 0 -0.01 -0.01 -0.01 O 0
Ty-7. 1.00 0 0.01 0.02 0 -0.01 0 0
Ti-7¢+ 1.00 -0.01 -0.02 -0.06 —0.04 —0.01 O 0
V1e 0.44 0 0.32 0.06 0.46 0.08 0.69 0.02
V1t 0.85 -0.02 0.07 0.01 0.22 0.04 0.47 -0.01
te 0.30 0.02 0.08 0.21 0.34 0.58 0.61 0.19
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Tab.5 Cvy of outputs by sensitivity analysis

(parameter uncertainty)

N v=0.3 Cv= 0.1

W e wmE o hE WEE O
T, 14.28 3.78 0.08 1.59 1.26 0.03
Tho 14.28 3.78 0.48 1.59 1.26 0.16
T,-7 185.71 13.63 0.64 20.63 4.54 0.21
Ti-7¢ 273.95 16.55 1.50 30.44 5.52 0.50
T1-7 244.14 15.62 1.51 27.13 5.21 0.50
Vie 12.63 3.55 0.24 1.40 1.18 0.08
V1t 8.43 2.90 0.27 0.94 0.97 0.09
tt 450.75 21.23 0.25 50.08 7.08 0.08

®6 WHESHMEXRH(Cv=0.3)

Tab.6 Correlation of outputs with parameters

(Cv=0.3)

it By Ba B B ac Ye
T, 0.96 -0.17 -0.03 -0.02 0 0
T1o -0.96 0.17 0.03 0.02 0 0
Ti-7 0.11 0.36 -0.05 -0.10 0 0
Ti-7¢ 0.06 0.16 -0.02 -0.04 0 0
Ti-7 0.04 0.15 -0.03 -0.04 0 0
V1c 0.34 0.01 0.03 -0.12 -0.01 0.03
V1t 0.29 -0.28 -0.16 0.02 0.04 0.08
te 0.64 0.22 0.04 -0.19 0.19 0.40
LAY at 7t h1 hi-7 hi-7¢ hi-7t
T, 0 0 0.16 0.12 0.09 0.08
Ty 0 0 -0.16 -0.12 -0.09 -0.08
Ti-7 -0.01 0 0.02 0.64 0.49 0.43
Ti-7¢ 0.02 0 0.01 0.29 0.83 -0.44
Ti-7¢  —0.03 0 0.01 0.26 —-0.46 0.84
Vie 0.08 0.01 0.01 0.23 0.78 —0.45
V1t -0.05 0.05 0.03 -0.22 -0.75 0.44
te 0.31 0.07 0.01 0.18 -0.14 0.40
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Tab.7 Cys of outputs by sensitivity analysis

(total uncertainty)

i 14 72 b2 Cy
T, 205.91 14.35 0.30
T1o 28.95 5.38 0.68
Ti-7 224.56 14.99 0.70
Ti-7¢ 267.03 16.34 1.48
Ti-7t 253.13 15.91 1.54
V1c 23.47 4.84 0.33
V1t 32.65 5.71 0.54
ty 770.48 27.76 0.33
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