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The Dutch Travel Survey (OViN)

* annual estimates for the average number km per
person per day (km/pppd) for intersections of:

- 7 motives:

- Work, Business, Visits, Shopping,
- Education, Recreative, Other;

- 8 transport modalities:
- Car-driver, Car-passenger, Train,
- Bus/Tram/Metro, Scooter, Bicycle,
- Walking;

- (12 provinces);
* 1985-2013;
* net sample size:
10 000-68 000 households.

__National level: M=56 domains;

Provincial level: M=672 domains
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Survey redesigns

— before 1994, only residents >=12 years old;
— 2004-2009: data collection by another agency (MON);
— since 2010: conducted by Statistics Netherlands

— 1995: sample size X 6;
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Problems and Tools

— Problems with the DTS (OViN):
- small sample sizes;
- discontinuities due to multiple survey redesigns.
— Solution: use the sample information over time and
domain space:

- multilevel time series models;
- structural time series models with unobserved
components.
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Structural Time Series Model
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Smooth Trend Model
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Model Estimation

Multilevel Models:
— Hierarchical Bayesian (HB) approach with Gibbs-sampler,
mcmcsae R-package (Boonstra, 2015);

— non-informative priors;

— Gelman-Rubin convergence statistic (# ) for each parameter;

— DIC criterion for model selection;

— informal criteria (e.g., adequacy of point-estimates).

Structural Time Series (STS) Model:

— ML approach for hyperparameters;

— put into a state-space form; the Kalman filter for state estimates

— OxMetrics 7, SsfPack 3.0
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Hyperparameter Estimation

STS model:
— (odpdl Motll Modll T2 ..clpdl2 Motl7 Modl8 T2,

ok T2 ) —ML-estimator;
Multilevel HB model:

— (odpdl Motll Modll T2 ..clpdl2 Motl7 Modl8 T2,
oJv T2 ) —diffuse Inv-x T2 priors
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Pooling olu T2 across Motives/
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Pooling glu 72

— oglu T2 are too different to be pooled across motives
and modalities;

— odu T2 can be pooled across provinces within two
groups:
* Frevoland and Friesland;
* the other 10 provinces
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Pro’s and Con’s of Pooling

— Con’s of pooling:

- provinces too different to be pooled together (Fig.1);
— Pro’s of pooling:
- idiosyncrasies in PEs and design SEs ruled out (Fig.2,3);
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Tackling Unreliable Design SE Estimates

0.03[
0.02f
0.01f
1111 I L 111 I 1111 I
0 10 20 30
0.15r
0.05
1111 I 1111 I 1111 I
0 10 20 30
0.15—
0.05
1111 I 1111 I 1111 I
0 10 20 30
).010
).005 M
1111 I 1 1 I 1111 I
0 10 20 30
0.02r- \
_I L1l I | I 1111 I
0 10 20 30
0.15—
0.05 1111 ) 1 I L1l I
0 10 20 30

0.04

4 0.010
0.021° l l | 0.005[ l ! |
0 10 20 30 0 10 20 30
0.075 0.0075
; 0.0050
0.025F 0.0025
1111 I 1111 l 1111 I 1111 l 1111 l 1111 I
0 10 20 30 0 10 20 30
0.06 0.15-
0.04 -
0.02 _; 111 I 1 1 I 1111 I 0.05 10 11 I 111 I 1111 I
0 10 20 30 0 10 20 30
0.03 :Pt m 02 w
0‘01 _II 11 I 1111 I 1111 I 0‘1 _II 11 I 1111 I 1111 I
0 10 20 30 0 10 20 30
0.075, 0.03 w
0'025 _I L1l I 1111 I 1111 I 0'01 _I 111 I 111 I 111 I
0 10 20 30 0 10 20 30
0.015
0.075 0.0101 J
0.005 AAN\*/
0'025 _l L1l I 11 1 I -I 111 I 1 L1 I L1111 I
0 10 20 30 0 10 20 30

0.2_—
0.1
_III| L1 I
0 10 20 30
0.03F
0.021
0 10 20 30
0.10F
0.05F
IlIII Illl II
0 10 20 30
03k
0'1'_|||IIIIIIIIIIII
0 10 20 30
0.15
0'05_||| 171 IIIIII
0 10 20 30
O'O3M
0'01_|||||IIIIIIIIII
0 10 20 30

0.15

0.05

0.015

0.005

0.03
0.02
0.01

0.2
0.1

0.2
0.1

0.03
0.02
0.01

L1 11 I L1111 I L1 11 I
0 10 20 30
_I 111 l 1111 l 1111 I
0 10 20 30
M|
0 10 20 30
_I 1 11 I 1111 I 1111 I
0 10 20 30
0 10 20 30
Ml

0 10 20 30

0.125F
0.075 ¥
—||||I|||||||||I
0 10 20 30
0.02F
0.01F
1111 llllllllll
10 20 30
0.04
0.02F
|l||[||l|l|||||
0 10 20 30
03
0.1k
1111 11 11 I
0 10 20 30
0.1F
|||||||||I||||I
0 10 20 30
0.15
0.05
II |||||||I
10 20 30



Tackling Unreliable Design SE Estimates

Smoothed survey error variance ®J7,¢ can be replaced by o
dm,k T2 Var(Vim,t)
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Provincial level Multilevel Models

Model | Description Iterations DIC for 12
Labels Provinces

HB- 841994,/ , 3/2010,m2 75000 -43668
bRE modelled as random effects (burn-in=50000,
thinning=50)
HB- all pJk,.m modelled as fixed 55000 -43606
bFE effects (burn-in=30000,
thinning=50)
HB-FE all #/k,7z AND intercepts (¢ 5000 @
+wvim ) modelled as fixed (burn-in=1000,
effects thinning=10)
El@
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National level Multilevel Models

Model | Description Iterations DIC for 12
Labels Provinces

HB- 841994,/ , 3.2010,m 75000 -8114
bRE modelled as random effects (burn-in=50000,
thinning=50)
HB- all plk,m modelled as fixed 55ooo -8166
bFE effects (burn-in=30000,
thinning=50)
HB-FE all #l/k,m AND intercepts (¢ 5000
+wvim ) modelled as fixed (burn-in=1000,
effects thinning=10)
ElE
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km pppd

0.015

0.000

Business

Car-driver Car-passenger
1985 1995 2005 1985 1995 2005
Scooter Bicycle

Train Bus/tram/metro

=) J
T T T T T g"l‘l T T 1
1985 1995 2005 1985 1995 2005
Walking Other
_ .
T o ]
il 0 -
Q .
Q m
il £ 0"
I -
il - -
T T T T 1 O T T T T T
1985 1995 2005 1985 1995 2005

(95% Cls in the same colour)




Shopping

Car-driver Car-passenger Train Bus/tram/metro
© : = 0 |
3T ‘ - 2
3 - © a
2 T | 0 Q
= = T - £
< - o ~
N : | 0 |
- ) | ¥ o ‘
| | | | | - | | | | | = O T T | | | | | | | | T
1985 1995 2005 1985 1995 2005 1985 1995 2005 1985 1995 2005
Scooter Bicycle Walking Other
. i o - _
18 2ol 23
2 O T Q Q —
2 o | Q E:l: o ©
: 17N E
Ty -
S - 3 :
o T T T T T 7 o T T T T T 1 ©
1985 1995 2005 1985 1995 2005 1985 1995 2005

......... (95% Cls in the same colour)




km pppd

0.08

0.02

Car-driver

1985 1995 2005

Scooter

km pppd
0.10 0.20 0.30

Education

Car-passenger

1985 1995 20035

Train

Bicycle

1985 1995 2005

Walking

21085 1005 2005

Bus/tram/metro

1985 1995 2003

Other

L
1985 1995 2005

(95% Cls in the same colour)




km pppd
006 010 014

0015

km pppd

0.005

Work, Signal SEs

Car-driver Car-passenger Train Bus/tram/metro
@© o
O — ™
- il o =
o = o
- T 24 o - T o |
a o a w a &
_ a - a O - a 8 -
Q o a g a 3
- E 2] E ] § o
- - o
- q ] § | g -
T T T 11 © TTTTT1 I I I
1985 2000 1985 2000 1985 2000 1985 2000
Scooter Bicycle Walking Other
- - Lyl
- e
L g - o g o o
a = a 3 - a _
- a o Q g Q o
a a o | a & _
E - g ] £ e M
= 8 —_ 0
S 8 S _
| O T T T T T T O T T T T1TT11 o T T T
1985 2000 1985 2000 1985 2000 1985 2000

Design HB-FE STS



SE

Signal SEs, for 56 domains at the National level
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Provincial level reduction in design SEs

— Percentage reduction in design SEs wi
- mean:51% —— —
- median: 54%

— Percentage reduction in design SEs wi
STS model:
- mean: 54%
- median: 57%

n/n=4.2

th HB_FE model:

th the multivariate

Var(Y)' =(1—-0,51)12 Var(Y)
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National level reduction in design SEs

— Percentage reduction in design SEs with HB_FE model:
- mean: 32%
- median: 34%
— Percentage reduction in design SEs with the multivariate

STS model:
- mean: 39%

n/n=2.2
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— PEs and SEs from HB and STS models are similar;
— signal SEs from HB models are somewhat higher;

— underestimation of the true signal variances in STS
models does not seem to be significant in the DTS;

— multilevel approach relies on the STS one:
- smoothing design SE estimates;
- using survey error variances scaled within STS models.
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Future research
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OViN Redesign Planned for 2018

These time series models could be employed to:
- obtain decent variance estimates with
shrinking sample sizes;
- estimate discontinuities due to the survey
redesign.
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