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- the accident study (evaluation study);
- evaluating the influence of information campaigns on the use of DRL

(untill now no information campaigns have been held).
For the sake of clarity, the set-up and execution of the measurement
programme, analysis results of the reliability of the data collected and

tables and diagrams have been included separately.

1.2. Description of the use of DRL

Chapter 2 offers a description of the differences in the use of DRL in

the Netherlands in various situations and under various conditions. The
description shows that the variables selected with the set-up of the
measurement network (based on assumptions about the degree of influence on
the use of DRL) all exert their own influence on the use of DRL.

The differences in the use of DRL will be illustrated on the basis of
percentages measured during bright daylight, subdivided according to dry
and wet weather (see also par 1.3). Why and how these percentages were

arrived at is described in Chapter 3 to 6.

1.3. General problem of analysis

Everyone uses their lights at night, but as the light intensity increases,
each driver decides when to turn his lights off (or on, when it becomes
darker). The principal motivation is therefore the ’‘light intensity’. But
even in broad daylight, some drivers will switch on their lights, regard-
less of the light intensity. In other words, it is possible to distinguish
between two driver categories (populations), i.e. the group which (mainly)
uses lights as a function of the light intensity and the group which uses
lights independently of this factor, i.e. based on motivations other than
the light intensity. For example, some people will use DRL on motorways
but not on 80 km/hr roads, or during overcast conditions outside the built
up area, but not inside the built up area under the same weather condi-
tions, etc.

This latter group is an important one for the accident study, when trying
to establish the effects of the use of DRL in specific situations and/or
under specific circumstances (for more information on the 'analysis of

specific effects’, see Lindeijer et al., 1990). In addition, this group is
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- The transformation of the variable 'light intensity’ for the purposes of
the accident study. The light intensity was shown to be the principal
explanatory variable for the use of DRL on a voluntary basis. However, the
light intensity as such is not recorded in the accident data. The accident
study must estimate this factor on the basis of substitute variables that
are given in the accident data, e.g. hour of the day and date. Chapter 4
describes how this problem was solved.

- The selection of DRL-related accidents for the accident study. DRL-
related accidents are accidents which have occurred (and do occur) in the
daytime, where it is expected that the use of DRL is an influential factor.
If a significant drop in accidents can be established, the greatest prob-
ability of this occurring is anticipated during those times of day when
the use of DRL has risen most markedly following introduction of the
(compulsory) DRL measure. It is important for the evaluation study to make
the greatest possible distinction between times of day when the use of DRL
was lowest (where factors of influence other than the light intensity play
a role) and times of day where use is already quite high (e.g. during twi-
light), using user data from the preliminary period. Previous evaluation
studies into the effect of the use of DRL on accidents (conducted in
Scandinavian countries) did not make such a distinction, partly due to
lack of proper preliminary measurements, which weaken the conclusions
drawn and enables alternative explanations for the measured effect in
retrospect. The problem of selection is discussed in greater detail in
Chapter 6.

- The combination of types of weather and visibility conditions for the
purposes of both the accident study as well as the description of the use
of DRL in the Netherlands. Weather conditions are important variables,
which, in addition to the light intensity, clearly influence the use of
DRL on a voluntary basis. It is therefore important to make the greatest
possible distinction between different types of weather, conditions of
visibility and whether the road is wet or dry. This information is covered
in less detail in the official accident registration, when compared with
the user data collected during the study.

In order to ensure that the description of DRL use in the Netherlands did
not become unnecessarily complicated, it was decided to divide the data-
base into two sub-categories, i.e. dry and wet weather. Chapter 5 also

explains how the choice for this combination came about.
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user percentages. These percentages are usually indicated in the following
paragraphs as 'C values’ or 'C%’. This is understood to mean: the percent-
age of motor vehicles using DRL, independent of the light intensity. For
example, many motor cycles always use DRL, even in broad daylight when the
sun is shining. Aside from motor cycles, a fairly constant percentage of
drivers of passenger cars and lorries were also found to use DRL at all
times. Partly because the lights automatically go on when the engine is
switched on (e.g. Volvo and Saab) and partly for as yet unknown reasons.
For the purposes of the information campaigns (and therefore the govern-
ment) this group of DRL users offers a particularly good gauge to help
establish to what extent the imposition of a compulsory measure would be

complied with.

Reference to diagrams given in the following paragraphs will often show
'DRL distributions as a function of the light intensity’, where the y axis
generally represents the calculated sun altitude. Why this form of

presentation was chosen is explained in Chapter 4.

The introduction also discussed the influence of weather and visibility
conditions on the use of DRL. The following paragraphs often compare the
use of DRL during ’'dry’ weather versus ’'wet’ weather. Chapter 5 sets out
which weather types and road visibility conditions were combined under dry

or wet weather categories.

The Introduction also stated that the overall analysis problems related to
the selection of a time unit, based on which percentages of the use of DRL
could be calculated. The time unit which allowed a reliable estimation of
C values proved to be 10 minutes. The presented percentages are in most
cases calculated with the aid of the analysis method of the PROBIT model
and in some cases, deduced from the diagrams. Further information on the

method of analysis used can be found in Chapter 3.

2.2. Use of DRL according to vehicle category

The following table offers an overview of the estimated C values and the
associated standard deviations (s.d.).

For the reader's convenience, the table includes the limits of reliability
(= 2 x s.d.) at a 95% reliability, rather than giving the standard

deviation.
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- Each driver has his own limit for the light intensity (= threshold
value) below which lights are switched on and above which lights are
switched off.

- When taken together, all individual threshold values (expressed as a
logarithm of the light intensities) will be normally distributed, on the
whole.

- The average log-lux (mu) value and its standard deviation (sigma log-
lux) represent the parameters of this distribution.

- The influence of other factors on the use of DRL (seasonal, inside

or outside the built up areas, weather condition and the like) can be
expressed through these parameters.

Therefore, the light intensity is considered to be the principal inter-

mediate variable in the basic model.

Furthermore, it is known that a proportion of drivers of motor vehicles
already uses DRL at all times (e.g. motor cyclists). This means that the
distribution of the use of DRL will not run from 100% to 0%, but rather
from 100% to C% (= percentage of DRL use regardless of the light inten-
sity).

The measured light intensities (lux values) are converted to log-lux
values, so that a factor 10 in the lux values agrees with a difference in
the log-lux to a value of 1 (Bijleveld, 1991). This distance between two
successive log-lux values is divided into equal categories. Within each
category, both the lux values and the number of observations are first

added up (total value) and then given as an average value.

3.3. Analysis model

3.3.1. General

The first step in the analysis is to choose a suitable time unit, based on
which the use of DRL can be estimated. The raw data consists of vehicles
counted during a five minute period (intensity per unit of time),
subdivided according to vehicle category, and whether they were or were
not using DRL within that category. In particular, in the early morning
(before 7 a.m.) and after 7 p-m., in the summer months, many time units
showed no, or extremely low, intensities. In other words, there are large

fluctuations with regard to the total intensity per five minute time unit,
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which affects the feasibility of estimating the use of DRL (based on the

collected material).

Clearly, an optimum compromise must be found between intensity and time
unit, in order to estimate the most reliable percentage possible, while

approximating reality as closely as possible.

To estimate the use of DRL, the analysis uses the analysis method of the
PROBIT model. This model assumes that an object (driver), influenced by an
increasing dosage (=light intensity), is subject to a threshold value
where the administered dosage leads to the desired effect (DRL on/off).
The model is derived from Biometrics (Cox et al. 1984), and was assessed
for its applicability to this material and the purpose for which data was
collected (Bijleveld, 1991). First, it was empirically established at what
unit of time the model can offer good estimations. This was already shown

to be possible at time units of 10 minutes.

3.3.2. Method of analysis for the PROBIT model

The PROBIT model makes it possible to choose from a number of functions,
two of which can be used. These functions describe the relationship
between log-lux and the anticipated percentage of DRL use. With regard to
form, they are similar to that of a normal distribution or to that of a
logistic distribution, but do not compare with the stochastic of such
distributions.

In other words, based on the empirical material, it was found that no
choice can be made as to which of the two realistic functions is best
under all conditions. These functions, which indicate the relationship
between the use of DRL and the light intensity (expressed as a logarithm
of the measured lux value) closely approximate the form of the cumulative
distributive function of the normal or the logistic distribution.

The distributive function in this case varies from 100% to C%, where C% is
the proportion of road users that always uses lights, regardless of the
light intensity. Using the PROBIT analysis, the use of DRL as a function
of the light intensity can now be described in a simple manner, by
specifying three parameters- the average, the variance and the C value.
For example, the estimation method of the PROBIT model allows the lowest

user percentage of DRL per vehicle category (C%) to be estimated as a
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The table shows that the light intensity estimated on the basis of the
sun’s altitude offers a comparable explanatory percentage for four months
of the year, and an even greater explanatory percentage for five of the
twelve months. One possible reason for this is: in the daytime, the light
intensity varies markedly within five minute categories. For example,
during clear, slightly overcast weather the lux values vary from over
100,000 lux to less than 30,000 lux. However, it is known that the human
eye (at this degree of brightness) can hardly distinguish between this
degree of fluctuation. It may therefore be assumed that the large distri-
bution in the light intensities does not influence lighting behaviour
(turning lights on and off) in these situations; people probably respond
to an average light intensity.

It is striking to note the low explanatory percentage in the month of
January, both on the basis of the measured and the theoretical light
intensity. In the months of December and July, also, the explanatory
percentage based on the estimated light intensity was found to be approx
11% less than that based on the measured light intensity. A likely ex-
planation for this phenomenon is not possible at this stage of the
analysis., It is still too early to establish whether this difference is

a structural one for these months or varies from one year to another, and

can therefore be attributed to coincidence.

Based on this comparison, it can be concluded that the use of the formula
for the sun altitude to estimate the light intensity implies a loss of
information (fluctuations in the light intensity over a short period of
time). There is, however, no reason to assume that such a loss is in most
cases essential to explain the use of DRL. On that basis, it can be seen
that the estimated light intensity will in some cases offer an even
greater explanatory validity than the measured light intensity, not even
considering the accuracy of the measured light intensity (see Appendix I).
In the months of December 1989 and July 1990, the estimated light inten-
sity showed a less significant explanatory validity than did the measured
light intensity. Both the estimated and the measured light intensity for
the month of January 1990 demonstrated a noticeably low explanatory

validity.
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For the accident study, this means that the greatest probability of
demonstrating an effect - in terms of a reduction in the number of
accidents - as a consequence of the increased use of DRL is found during
the times of day when the lowest user percentage is measured over the
preliminary period, during dry weather conditions. For further information
on this subject, please refer to Lindeijer et al. (1990).

The periods during which the use of DRL was found to be fairly constant
will be characterised as daytime periods. All other circumstances are
designated as twilight, where the concept of ‘twilight’ is used in a much

broader sense here than it would be under normal circumstances.

In order to make a well-founded choice between twilight and daylight
periods, the following questions must be answered:

- at what position of the sun is there question of a marked rise or fall
in the use of DRL (= twilight period)?;

- at what position of the sun can one speak of a fairly constant
percentage (C values during daylight periods)?

It is anticipated that during a marked rise or fall in the use of DRL,
the differences (to be further referred to as the variance) between the
measured percentages per ten-minute unit of time are great during the
twilight period, but small during the remainder of daytime hours. This
principle makes it possible to formulate the following study question for
the purposes of the analysis: How great is the distribution between the
different measured percentages within one degree of sun altitude and in

comparison to other degrees of sun altitude?

The following diagrams visualise the distribution per degree of sun
altitude with the aid of a number of percentile values, i.e. 95% (upper
boundary), 90%, 75%, 50%, 25%, 10% and 5% (lower boundary). The upper
boundary in the diagrams (per degree of sun) therefore demarcates the area

below which 95% of the individual percentages per degree of sun relate to

the category of 'DRL on’. The lower boundary demarcates the area below
which only 5% relates to the category ’'DRL on’. To perform this analysis,
use was made of those time units of ten minutes where at least nine
passenger cars were counted.

The diagrams do not indicate the weighed distribution of percentages per
degree of sun altitude. For example, the 95 percentile value of a random
sun degree may be based on one time unit, but may also be based on 100

time units, for example.
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study) agrees with and/or is representative of the use of DRL on the same
types of road where speed measurements were conducted (to be referred to
as control roads in the following).

2. To obtain a preliminary indication about the relationship between
speeds measured and the use, or otherwise, of DRL outside the built up

area on 80 km/hr roads.

7.2. Comparability between control and random counts

The speed measurements were carried out in the twelve Dutch provinces, on
roads outside the built up area (see Appendix II.l). They were performed
for three quarters of an hour at a time and distributed throughout the
day, during the months of October and November, 1990. For the purposes of
the DRL study, a total of 35 x 3/4 hours was observed, recording the use
of DRL and the associated speeds. In total, 13,084 motor vehicles were
observed and measured (lorries, vans, buses, passenger cars and motor
cycles), of which 2,855 were using DRL ( = 21.5%). This percentage agrees
well with the DRL percentage of 23.5, obtained from the national

measurements total (see para. 2.2; excludes the moped category).

The differences in the number of observations were great from one
province to another. The table on page 47 gives the absolute values,
subdivided on the basis of dry and wet weather. The category of 'region’

indicates how many control roads were used to allow comparison per region.

The previous chapters have already indicated the problem of insufficient
numbers, causing a large variance in the distributions of the weighed DRL
percentages. This problem is also apparent here. In order to still gain an
impression of the comparability of the use of DRL between control roads
and 80 km/hr roads in a region included in the random test, it was decided
to compare the distribution of the weighed percentages of DRL for the
control roads within one region against the distribution per region as a
function of the theoretical sun altitude, taking into account dry and wet
weather. The theoretical sun altitude was selected in this case, because
while the speed was being measured, it was not possible to also measure
the light intensity at five minute intervals, as was done during the DRL
measurements . However, the observation time could be noted for each car
observed, while the geographic position of the measurement locations was

also known (see also Chapter 4).



































































































MONTH REGION WEATHER MU SIGMA C SD LNLIKE

januari noord Droog 3.02863 0.25171 0.34961 0.04310 -1920.04
januari noord Nat 3.47600 0.35381 0.75564 0.00000 -821.23
januari oost Droog 2.90167 0.33787 0.16649 0.06550 -5484.38
januari oost Nat 3.58172 0.18740 0.35762 0.14441 -1350.93
januari west Droog 3.44572 0.22848 0.26308 0.13312 -2994.65
januari west Nat 3.68676 0.32237 0.39517 0.13159 -4293.77
januari  zuid Droog 2.93421 0.33755 0.13309 0.11977 -1838.59
januari zuid Nat 3.82023 G.24584 0.00000 0.22250 -2192.88
februari noord Droog 3.54340 U.29244 0.09179 0.05828 -2570.59
februari noord Nat 3.56094 0.29493 0.11163 0.11935 -2395.89
februari oost Droog 3.05486 0.22929 0.14261 0.03280 -4734.69
februari oost Nat 4.07442 0.55973 0.00000 0.47946 -3138.13
februari west Droog 3.23206 0.26726 0.04708 0.01900 -3722.04
februari west Nat 3.74011 0.35318 0.00000 0.10573 -3735.27
februari 2zuid Droog 2.94293 0.37369 0.04358 0.02582 -3217.61
februari zuid Nat 3.74642 0.15765 0.33798 0.13284 -525.97
maart noord Droog 3.48574 0.43328 0.03334 0.07449 -3898.01
maart noord Nat 4.24893 0.38982 0.00000 0.77217 -874.25
maart oost Droog 3.50880 0.24734 0.07704 0.01556 -6118.94
maart oost Nat 3.50932 0.41677 0.10962 0.08851 -4104.94
maart west Droog 3.30645 0.25899 0.02675 0.01558 -6157.55
maart vest Nat 2.98815 0.07246 0.38257 0.04602 -985.09
maart zuid Droog 3.50168 0.33587 0.03952 0.03598 -5176.81
maart zuid Nat 3.76084 0.35012 0.27425 0.20589 -1215.99
april noord Droog 3.56570 0.37015 0.01642 0.02519 -3847.54
april noord Nat 3.77264 0.25129 0.36784 0.17448  -293.92
april oost Droog 3.58501 0.51008 0.00000 0.01417 -6582.12
april oost Nat 3.86783 0.14213 0.14180 0.10659 -592.08
april vest Droog 3.13056 0.30080 0.06369 0.01000 -4853.56
april vest Nat 3.61747 0.60203 0.00000 0.12059 -2487.08
april zuid Droog 3.69550 0.20030 0.02623 0.00666 -2853.98
april zuid Nat 3.54353 0.46486 0.00000 0.09813 -674.71
mei noord Droog 3.67753 0.62440 0.00000 0.02520 -5875.13
mei noord Nat 4,29073 0.35164 0.11952 0.24497 -660.95
mei oost Droog 3.15704 0.42676 0.05250 0.01696 -8888.81
mei oost Nat 4,11126 0.52282 0.00000 0.18184 -2707.78
mei west Droog 3.14658 0.44777 0.00352 0.00919 -8257.90
mei wvest Nat 2.96339 0.08644 0.65350 0.05322 -573.76
mei zuid Droog 3.17260 0.41433 0.01223 0.00951 -4458.73
mei zuid Nat 3.58108 0.33513 0.02138 0.03615 -675.37
juni noord Droog 3.59660 0.32133 0.14881 0.01582 -7138.65
juni noord Nat 3.52094 0.12582 0.50764 0.05022 -750.25
juni oost Droog 3.50960 0.33431 0.08393 0.01564 -9592.03
juni oost Nat 4,01247 0.38048 0.00000 0.18338 -405.93
juni wvest Droog 3.30886 0.38806 0.03248 0.00899 -8168.76
juni west Nat 3.53504 0.27400 0.20509 0.06798 -1995.29
juni zuid Droog 3.58756 0.53113 0.00000 0.01226 -7130.27
juni zuid Nat 4.10398 0.42752 0.00000 0.19359 -2742.98
juli noord Droog 3.69542 0.55279 0.03162 0.07394 -4584.95
juli noord Nat 3.71285 0.56641 0.33015 0.16827 -2823.84
juli oost Droog 3.49581 0.35957 0.09002 0.01571 -11373.46
juli oost Nat 3.64731 0.11642 0.36656 0.02475 -4831.07
juli west Droog 3.17827 0.29882 0.03477 0.00338 -8677.89

Table 2. Logistic distribution (November 1989 -

October 1990)










































