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1 Introduction

This report describes the extension and update of the Danish national GIS-
based road network and traffic database for 1960-2005 to the years 2005-2020.
The original road network has been extended with new motorway sections
that have been established since the original road network from 2007.
Furthermore, some motorway sections have changed speed limit from 110 to
130 km/t. The development in traffic flow and vehicle mix has been analysed
based on traffic data from the Danish Road Directorate to estimate the trend
for different road types from 1995 to 2020 as 1995 is the baseline year of the
original road and traffic database. This report also includes a description of
the road network, all attributes and trends in traffic flow and vehicle mix for
the entire period 1960-2020 to be able to read this report separately from
previous documentation of the road and traffic database.

The original GIS-based road network and traffic database for 1960-2005 is
described in great detail in a Danish report with an English summary (Jensen
et al., 2008). The original database was developed based on different sources
of information to be able to calculate air quality levels at any address in
Denmark for any period during 1960-2005. The traffic sources include traffic
data from the Danish Road Directorate for all state and county roads (VIS
data), traffic model data for a large part of Sealand (Copenhagen-Ringsted
Traffic Model), and remaining roads were assigned traffic flow in a residual
methods taking into account road type and urban/rural roads and calibrating
with known distance travelled by county. Traffic data were also collected
from 140 municipalities (out of about 200) covering main municipal roads,
and replaced traffic data predicted by the above methods. The
DEHM/UBM/ AirGIS system is used to calculate traffic-related air quality
levels and human exposure at address level for any user specified time period
(http:/ /envs.au.dk/en/knowledge/air/models/airgis/). The
DEHM/UBM/AirGIS system encompasses air quality models, GIS maps
with roads and traffic data, building footprints with buildings heights, and
address locations, as well as, data on vehicle emissions factors, meteorology
and regional background concentrations (Jensen et al., 2001; Khan et al., 2018).
The OSPM - Operational Street Pollution Model - is the dispersion model that
calculates the air pollution contribution from the specific street in question.
DEHM is regional scale model and UBM is an urban scale model.

The GIS-based road network and traffic database for 1960-2005 has been a key
source of traffic data for a large number of applications within research,
monitoring and public sector consultancy within air pollution. It has been
used in a wide range of air pollution epidemiological studies, for air quality
mapping as a supplement to routine air quality monitoring, to impact
assessment of policy measures, as well as to distribute national emissions for
road transportation to a 1 km x 1 km grid to support calculation of
background concentrations with air quality dispersion models.

In recent years, the road network and traffic database has also been used for
noise calculations at address level to support epidemiological studies linking
noise exposure and health outcomes. Often these studies also include air
pollution exposure to adjust for possible confounding between air and noise.
Furthermore, these studies seek to estimate the health risk of both air and
noise pollutants in multipollutant epidemiological models.



The extended and updated GIS road network includes data for the road
network and traffic data for the period 1960-2020 where primarily traffic
information from 1995 to 2020 has been updated. Originally, the GIS road
network is based on the TOP10DK road network of the National Survey and
Cadastre from 1999 that subsequently has been transferred to the more recent
KORT10 road network from 2007 from the same institution, now named
Danish Geodata Agency. The road network includes five road types:
motorways, expressways, roads of width over 6 m, roads 3-6 m, and other
roads. The road network is supplied with information about road segment
length, year of construction, speed limit and travel speed, a category for
diurnal variation of traffic, and whether the road segment is digitised with
two separate directions (double digitised). Annual Average Daily Traffic
(AADT) for every fifth year (1960-2020) is included. Information for every
fifth year about the average vehicle composition (passenger cars, vans, trucks,
busses) and diurnal variation in traffic are in separate files with reference to
the road segment depending on the type of diurnal variation of traffic and the
year of ADT. Additional attributes used for noise calculations have also been
added. The database include attributes necessary for DEHM/UBM/ AirGIS,
for OML-Highway - a dispersion model for modelling air quality along main
roads implemented in SELMAGS, and in SoundPlan for noise calculations.
Refer to Appendix A for a full description of attributes.

The GIS road network is in ESRI Shape format, and the diurnal variation
of traffic and the vehicle mixes are stored in text files for air quality
calculations with OSPM.

Rambell has updated traffic data from 1995 and onwards, and Rambgll
and Aarhus University have added new motorways since 2007 and related
traffic data, and DCE has prepared this DCE report with inputs from
Rambgll concerning trend in AADT.



2 Road network

2.1 GIS road network

The road and traffic database is based on KMS KORT10 road network from
December 13, 2007. KORT10 is a geographically correct GIS dataset digitised
on the basis of aerial photos. The GIS road network is in ESRI GIS shape
format and projection is UTM Zone 32N ETRS 1989.

For air pollution calculations the original road network is maintained as a
single shape file for AirGIS calculations whereas for OML-Highway
calculations it is necessary to subdivide the road and traffic database to
improve calculation efficiency. Similarly, it is also necessary to subdivide the
road and traffic database for noise calculations with SoundPlan.

In the following, we have described the road and traffic database as a single
file.

2.2 New motorways since 2007

New motorway sections established in the period between the original road
network from 2007 and 2015 is added based on motorway sections for 2015
obtained from the Danish Road Directorate and further supplemented with
newer motorway sections from Open Street Map and traffic data from
MASTRA. MASTRA is a road and traffic database managed by the Danish
Road Directorate that among others include traffic counts at selected location
of the road network.

In Figure 2.1, motorways in the original road network from 2007 are
visualised.

Figure 2.1. Visualization of motorways in the original road network from 2007.



In Figure 2.2, all motorways are visualised in the updated road network. It is
seen that some of the existing motorway sections have been extended and a
few new motorways have been established.

Figure 2.2. Visualization of the road network including new motorways established since
2007 and onwards. A small section around Herning is not yet included in Open Street Map
and therefore missing.

New motorway segments will attract traffic from other roads that they
relieve. It has not been possible to take into account this effect and traffic
levels at other roads that have been relived have remained the same.

2.3 Road geometry

The digitization of the road geometry has implications on how to calculate air
pollution in OML-Highway and AirGIS.

A road can be represented as a single line or “double digitised”, i.e. as two
parallel lines representing the two traffic directions separately. Therefore, an
attribute indicates whether the road segment is double digitised or not.

During the process of preparing data for OML-Highway a road is
automatically divided into multiple segments where each segment is
approximated by a rectangle. This rectangle is a so-called “area source”,
which emits pollution uniformly over its area, as illustrated in Figure 2.3.



Road centre line
for single digitised road

Side 1

Road source

Figure 2.3. An area source (road segment) in OML-Highway.

Road segments have a unique ID number. For double digitised roads the
OML-Highway software keeps track of the ID of the opposite road segment
as illustrated in Figure 2.4. The track keeping of the opposite road segment is
not part of the road and traffic database but generated by the OML-Highway
model.

Road centre lines
for double digitised road

The opposite road source
of ID1131 is ID 789

The opposite road source
of ID 789 is 1D1131

Figure 2.4. A double digitised road.

Road width is a required attribute only for target roads in OML-Highway.
Target roads are defined in the section 2.4. The user specifies which roads are
target roads for model calculations and makes sure the road width data is
available for the selected target roads. For a single digitised road this
corresponds to the red arrow in Figure 2.3. For a double digitised road a "road
width" should be supplied for each of the two (approximately) parallel road
segments (Figure 2.4). Internally, the program calculates a total width as the
sum of these two widths plus the centre strip.

In AirGIS the road width is calculated as the distance between buildings on
both sides of the road. In case there is no building on the opposite side the
road width is calculated as two times the distance from the nearby road
segment to the building fagade of the address point. Additionally, the traffic
flow of the road segment is also multiplied with two as traffic flow is
attributed to each directions in case of a double digitised road. Motorways are
double digitised and a few urban roads are also double digitised e.g. in the
case they have a centre strip that divides the two directions.

For OML-Highway calculations double digitised roads are only relevant for
target roads. Target roads are defined in the next section.
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2.4 Targetroads and background roads in OML-Highway

Figure 2.5, illustrates some basic concepts in the use of OML-Highway. Here
we will focus on target and background roads.

Legend |
RoadNetWork §§
AADT

0-250

251 -1000
1001 - 2000
2001 - 4000
4001 - 10000
10001 - 20000
20001 - 28074

Figure 2.5. Target roads, background roads and other basic concepts. In the example
presented here target roads are shown as blue lines, while background roads are brown
lines. Line width indicates the traffic volume on each road, both for target roads and
background roads, see legend. In this example receptor points (calculation points) are
placed in short series of points perpendicular to the target roads. The emissions from
background roads (aggregated in a 1km x 1km grid) are shown as coloured squares.

“Target roads” are roads where detailed traffic information is supplied. In
OML-Highway it is possible to calculate concentrations along target roads at
different distances from the highway that can be defined by the user in OML-
Highway.

“Background roads” are the remaining roads after target roads are identified.
Detailed information for such roads may be supplied but only a limited
amount of details are used in the calculations. The software aggregates
emissions from the individual background roads to yield a field of emissions
for cells in an "emission grid". The cells can have a size of e.g. 1 km by 1 km.
In Figure 2.5 the coloured squares represent cells in an emission grid, and the
colour coding depicts the background emission level in each cell. The purpose
of this aggregation is to reduce the number of individual sources and hereby
the calculation times to a reasonable amount.

Concentrations are calculated at the receptor points. The model user can
specify the locations of the receptor points.

2.5 Road types in the road network

The KORT10 road network classifies roads into five road types, as shown in
Table 2.1.

This road type classification is used to specify the default diurnal variation
and the default vehicle mix for different road types. The OSPM road type
species this by a letter.



Table 2.1. The five possible road types for all roads in the database

Road type Code for road type OSPM
road type
Motorway (in Danish "motorvej”) 2111 B
Expressway/main roads (in Danish "motortrafikve]”) 2112 B
Road > 6 m 2115 F
Road 3-6 m 2122 D
Other road 2123 C

The road network includes all public and private roads but there is no
indication of whether a road is a public or private road. The only classification
is the road types defined in Table 2.1.

2.6 Construction year of roads

KORT10 includes the road network as of 2007 which now has been updated
with new motorways since then. We have tried to create a historic record in
the development of the road network by allocating the year of construction of
the roads. Information on the year of construction comes from the VIS system
(Road Information System from the Danish Road Directorate) for the main
road network (the former state and county roads). For the remaining roads, it
is assumed that a road only exists if there are also buildings along the road,
and construction years for the buildings are used to determine the year of
construction on the roads. The construction year for buildings from the
Building and Dwelling Register (BBR) is transferred to a national address
registry. In this way, the year of construction is available for all address
coordinates along the roads. The building year is linked to the roads by
finding the oldest year of construction along a road using GIS buffer technic.
Attributes with the value of 1 indicates that the road is before 1960.

Presently, the information about the construction year of roads is not used in
air quality calculations. However, potentially it could. For the calculation of
air quality at a given address, only roads that exist in the relevant calculation
year should be taken into account. Furthermore, the roads that are used to
calculate background emissions should only include roads that exists at the
year of the exposure calculation. Presently, the background concentrations are
provided using DEHM/UBM for modelling background concentrations at a
spatial resolution of 1 km x 1 km based on national emissions geographically
distributed based on geographic keys. For vehicle emissions these keys are
derived from the road and traffic database, and these keys could potentially
depend on year e.g. 1960, 1965 etc.

2.7 Diurnal variation via OSPM road type

The OSPM road type describes the patterns of the diurnal variation of traffic
in a set of text files. These are the so-called *.trf-files, or “Diurnal Traffic
Variation files”. This is similar to how temporal variation of traffic is
described in the Operational Street Pollution Model (OSPM). The diurnal
variation is subdivided into Mondays to Thursdays, Fridays, Saturdays and
Sundays, and further into the holiday month of July and other months. For
Danish conditions eight different street types have been identified based on a
comprehensive analysis of measured traffic data from different types of
streets in different regions of Denmark focusing on urban roads, but also
applicable for other types of roads. A road segment can be associated with a
certain “OSPM road type” - meaning that the pattern of diurnal traffic

11



variation is defined by the corresponding *.trf file. A *.trf file describes
diurnal, weekly and seasonal time variation of the fraction of each of five
vehicle types (passenger cars, buses etc.). Based on this information it is
possible to calculate the temporal variation of vehicle emissions hour by hour.

The trf-files also describes the vehicle mix subdivided into: Passenger cars,
vans, trucks <32, trucks > 32 t, and buses. An example of a trf-file is shown in
Appendix A.

2.8 Trends in vehicle mix

In AirGIS, the OSPM model requires the Annual Average Daily Traffic for the
street in question and the OSPM road type specifies the diurnal variation of
traffic together with the vehicles mix. The travel speed is also required as
vehicle emissions depend on speed.

In OML-Highway each target road segment is classified into a limited number
of groups as a combination of: (1) heavy-duty share of traffic (HD share), (2)
travel speed, and (3) “OSPM road type” (A, B,...H). See Olesen et al. (2015)
for details. The user has to make sure that data on heavy-duty share of traffic
is available/added for the selected roads selected as target roads. OML-
Highway runs air quality calculations for one specific year at the time or a
period of that year, and the user must make the relevant share of heavy traffic
and also AADT available for that year.

In noise calculations AADT, share of heavy-duty vehicles and travel speed are
important parameters. Heavy-duty vehicles are trucks and buses larger than
3.5 tons. SoundPlan also runs noise calculations for one specific year at the
time, and the user must make the relevant share of heavy traffic and also
AADT available for that year.

Default OSPM road types

The OSPM road type specifies the diurnal variation of traffic together with the
vehicles mix in separate text files that are not part of the road and traffic
database but used by OSPM for air quality calculations. Table 2.2, gives an
overview of the eight OSPM road types used in Denmark. As shown in Table
2.1 only type B, C, D and F are used.

Table 2.2. Main characteristics of the 8 “OSPM road types” used in Denmark. Default vehicle mix is shown.

OSPM Description Passenger Vans Trucks Trucks Buses
road type cars (<=321) (>321)

(%) (%) (%) (%) (%)
A Transit roads in medium size or smaller cities 80.1 12.0 4.7 1.1 2.1
B Transit roads in larger cities 81.9 10.8 2.8 1.4 3.1
C Distribution roads in residential areas 83.2 12.1 25 0.74 1.6
D Roads with a mix of residential and business area 81.9 11.7 3.0 15 2.0
E Main street in center of larger cities 82.7 10.3 2.2 1.4 3.4
F Access roads to larger cities 79.7 11.9 4.3 2.5 1.6
G Road in larger and medium size cities outside center 82.9 12.6 2.6 0.7 1.2
H Main street in centre of medium size city 83.2 12.4 2.3 0.7 1.4
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Development in vehicle mix since 1995

The challenge is that there are no consistent traffic statistics for the
development in vehicle mix for the same subdivision of vehicle categories and
types of roads throughout the period 1960-2020. Therefore, it has been



necessary to piece together traffic statistics from various sources from the
Danish Road Directorate in order to estimate trends in vehicle mix.

Below we focus on the development since 1995 as new data from the Danish
Road Directorate has been used to establish this trend. The assumptions for
the trend before 1995 are described in Jensen et al. (2008).

In Table 2.3 the development in the heavy-duty share is shown since 1995 for
the different road types. Since 1995 the road types have been subdivided into
three major groups: (1) Motorway, expressway (OSPM type B), (2) Road > 6
m (OSPM type F) and Road 3-6 m (OSPM type D), and (3) Other road (OSPM

type C).

Note that in the national road and traffic database 1960-2005 there were only
two major groups: (1) Motorway, expressway (OSPM type B), Road > 6 m
(OSPM type F) and Road 3-6 m (OSPM type D), and (2) Other road (OSPM

type C).

Table 2.3. Heavy-duty share (%) for different road types

Road type and OSPM type Heavy- Heavy-duty Heavy-duty Heavy-duty Heavy-duty = Heavy-duty

duty share share share share share share
1995 2000 2005 2010 2015 2020**

Motorway, expressway 7,0 %* 8,9% 9,0% 8,0% 7,3% 7,3%

(OSPM type B)

Road > 6 m (OSPM type F), 5,5 % 5,5 % 5,5 % 5,5 % 5,5 % 5,5 %

Road 3-6 m (OSPM type D)

Other road (OSPM type C) 1 %* 1 %* 1 %* 1 %* 1 %* 1 %*

*) Same assumptions as in the report of GIS-based national road and traffic database 1960-2005 (Jensen et al., 2008)
**) Assumed heavy-duty share in 2020 (%) based on values from 2015.

In Table 2.3, the heavy-duty share changes over time for motorways and
expressways. For roads > 6m and roads 3-6 m traffic statistics shows no, or
almost no changes. As in the old road and traffic database for other roads the
same level is assumed.

The following assumptions described in the below sections have been made
for the trend in vehicle mix before 2000 since the vehicle mix before 2000 of
the old road and traffic database only had two major groups and the new road
and traffic database has three major groups.

Motorways and expressways

For motorways and expressways the newly established trend in the develop-
ment of heavy-duty vehicles has been used since 2000. The breakdown in the
sub-categories trucks > 32 t, trucks > 32 t and buses is assumed to be as in
1995.

There is no new information about the development in vans and since 2000
the share of vans has been assumed as in 2000 of the old road and traffic da-

tabase.

The share of passenger cars is the residual to ensure the total vehicle mix is
100%.

The development of the vehicle mix from 1960 to 2000 is the same as in the
old road and traffic database.

13



In Table 2.4 the development in the vehicle mix for motorways and express-
ways is shown, and in Figure 2.6 the trend is visualised.

The trend of the vehicle mix from 1960 to 2020 shows that passenger cars has
increased from approx. 64% to 81%, vans has decreased from approx. 18% to

12%, and heavy-duty vehicles has decreased from 18% to 7%.

Table 2.4. Vehicle mix for the motorway and expressway fraction (OSPM type B)

Vehicle type 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Passengercar  g399 06931 07700 0.7874 0.7619 0.7807 0.7966 0.8110 0.8084 07947 0.8047 0.8116 0.8116

Van 0.1795 0.1740 0.1420 0.1522 0.1409 0.1273 0.1199 0.1126 0.1155 0.1155 0.1155 0.1155 0.1155
Truck <382t 0.1198 0.0825 0.0508 0.0323 0.0478 0.0407 0.0326 0.0291 0.0256 0.0342 0.0304 0.0278 0.0278
Truck > 32t 0.0387 0.0326  0.0239 0.0162 0.0268 0.0260 0.0277 0.0244 0.0283 0.0287 0.0255 0.0233 0.0233
Bus 0.0221 0.0178 0.0133 0.0119 0.0226 0.0253 0.0232 0.0229 0.0222 0.0269 0.0239 0.0218 0.0218
Total 1 1 1 1 1 1 1 1 1 1 1 1 1

Trend in vehicle mix for
motorways and expressways
100

90
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1960 1970 1980 1990 2000 2010 2020

Passenger car Van Heavy-duty

Figure 2.6. Development in the vehicle mix for motorways and expressways from 1960 to
2020 in %.

Roads > 6 m and roads 3-6 m

The analysis of traffic statistics lead to the assumption that the heavy-duty
share has been constant for roads > 6 m and roads 3-6 m since 2000. The heavy-
duty share is 5.5%. As there are no specific data for these road types before
2000, the same share is assumed before 2000.

There is no new information about the development in vans. Since 2000 the
share of vans has been assumed as it was in 2000 in the old road and traffic

database.

The share of passenger cars is the residual to ensure the total vehicle mix is
100%.

The vehicle mix for all years is therefore approx. 91% for passenger cars, 4%
for vans and 5.5% for heavy-duty vehicles (Table 2.5).

14



Although it has been assumed that the vehicle mix for these roads is the same
from 1960 to 2020, it is likely that the heavy-duty share has been higher in the
early years as was seen for motorways and expressways, although it is likely
to be at a lower level.

Table 2.5. Vehicle mix for roads > 6 m and roads 3-6 m fraction (OSPM type D and F)

Vehicle type 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
Passengercar 09060 0.9060 0.9060 0.9060 0.9060 0.9060 0.9060 0.9060 0.9060 0.9060 0.9060 0.9060  0.9060
Van 0.0390 0.0390 0.0390 0.0390 0.0390 0.0390 0.0390 0.0390 0.0390 0.0390 0.0390 0.0390 0.0390
Truck <32t 0.0209 0.0209 0.0209 0.0209 0.0209 0.0209 00209 0.0209 0.0209 0.0209 0.0209 0.0209 0.0209
Truck> 32t 0.0176 0.0176 0.0176 0.0176 0.0176 0.0176 0.0176 0.0176 0.0176 0.0176 0.0176 0.0176 0.0176
Bus 0.0165 0.0165 0.0165 0.0165 00165 0.0165 00165 0.0165 0.0165 0.0165 0.0165 0.0165 0.0165
Total 1 1 1 1 1 1 1 1 1 1 1 1 1
Other roads

Table 2.6. Vehicle mix as a fraction for other roads (OSPM type C)

Other roads are typically roads with low traffic flows. The heavy-duty share
of these roads is in the old road and traffic database assumed to be 1% in 1995,
and this has also been assumed for 2000 and onwards. The vehicle mix of
other vehicle categories has also been assumed to be as in 1995. The
development established for 1960 to 1995 is assumed to be the same as in the
old road and traffic database.

The development of the vehicle mix for other roads is shown in Table 2.6 and
visualised in Figure 2.7.

The trend of the vehicle mix from 1960 to 2020 shows that passenger cars has
increased from approx. 91% to 95%, vans has decreased from approx. 6% to
4%, and heavy-duty vehicles has decreased from 2.4% to 1%.

Vehicle type 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
Passenger car  0.9141 0.9224 0.9393 0.9394 0.9384 0.9439 0.9476 0.9510 0.9510 0.9510 0.9510 0.9510 0.9510
Van 0.0621 0.0602 0.0492 0.0527 0.0488 0.0441 0.0415 0.0390 0.0390 0.0390 0.0390 0.0390 0.0390
Truck <32t 0.0158 0.0108 0.0067 0.0042 0.0063 0.0053 0.0043 0.0038 0.0038 0.0038 0.0038 0.0038 0.0038
Truck> 32t 0.0051 0.0043 0.0031 0.0021 0.0035 0.0034 0.0036 0.0032 0.0032 0.0032 0.0032 0.0032 0.0032
Bus 0.0029 0.0023 0.0017 0.0016 0.0030 0.0033 0.0030 0.0030 0.0030 0.0030 0.0030 0.0030 0.0030
Total 1 1 1 1 1 1 1 1 1 1 1 1 1

15
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Trend in vehicle mix for other roads
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Figure 2.7. Development in the vehicle mix for other roads from 1960 to 2020 in %.

OSPM road types from 1960 to 2020

The OSPM road type describes the patterns of the diurnal variation of traffic
and the vehicle mix in a set of text files. These are the so-called *.trf-files, of
which an example is shown in Appendix A.

A number of different trf-files have been specified for every fifth year for the
different road types to reflect that the vehicle mix changes over time from 1960
to 2020, see a summary in Table 2.7.



Table 2.7. Name of trf-files that specify vehicle mix and diurnal variation of traffic for different OSPM types and years

Road

OSPM

type type Year File name Passenger car Van Truck <32t Truck > 32t Bus
2111 B 1960 N2111_1960.trf 0.6399 0.1795 0.1198 0.0387 0.0221
2112 B 1960 N2112_1960.trf 0.6399 0.1795 0.1198 0.0387 0.0221
2115 F 1960 N2115_1960.trf 0.9060 0.0390 0.0209 0.0176 0.0165
2122 D 1960 N2122_1960.trf 0.9060 0.0390 0.0209 0.0176 0.0165
2123 C 1960 N2123_1960.trf 0.9141 0.0621 0.0158 0.0051 0.0029
2111 B 1965 N2111_1965.trf 0.6931 0.1740 0.0825 0.0326 0.0178
2112 B 1965 N2112_1965.trf 0.6931 0.1740 0.0825 0.0326 0.0178
2115 F 1965 N2115_1965.trf 0.9060 0.0390 0.0209 0.0176 0.0165
2122 D 1965 N2122_1965.trf 0.9060 0.0390 0.0209 0.0176 0.0165
2123 C 1965 N2123_1965.trf 0.9224 0.0602 0.0108 0.0043 0.0023
2111 B 1970 N2111_1970.trf 0.7700 0.1420 0.0508 0.0239 0.0133
2112 B 1970 N2112_1970.trf 0.7700 0.1420 0.0508 0.0239 0.0133
2115 F 1970 N2115_1970.trf 0.9060 0.0390 0.0209 0.0176 0.0165
2122 D 1970 N2122_1970.trf 0.9060 0.0390 0.0209 0.0176 0.0165
2123 C 1970 N2123_1970.trf 0.9393 0.0492 0.0067 0.0031 0.0017
2111 B 1975 N2111_1975.trf 0.7874 0.1522 0.0323 0.0162 0.0119
2112 B 1975 N2112_1975.trf 0.7874 0.1522 0.0323 0.0162 0.0119
2115 F 1975 N2115_1975.trf 0.9060 0.0390 0.0209 0.0176 0.0165
2122 D 1975 N2122_1975.trf 0.9060 0.0390 0.0209 0.0176 0.0165
2123 C 1975 N2123_1975.trf 0.9394 0.0527 0.0042 0.0021 0.0016
2111 B 1980 N2111_1980.trf 0.7619 0.1409 0.0478 0.0268 0.0226
2112 B 1980 N2112_1980.trf 0.7619 0.1409 0.0478 0.0268 0.0226
2115 F 1980 N2115_1980.trf 0.9060 0.0390 0.0209 0.0176 0.0165
2122 D 1980 N2122_1980.trf 0.9060 0.0390 0.0209 0.0176 0.0165
2123 C 1980 N2123_1980.trf 0.9384 0.0488 0.0063 0.0035 0.0030
2111 B 1985 N2111_1985.trf 0.7807 0.1273 0.0407 0.0260 0.0253
2112 B 1985 N2112_1985.trf 0.7807 0.1273 0.0407 0.0260 0.0253
2115 F 1985 N2115_1985.trf 0.9060 0.0390 0.0209 0.0176 0.0165
2122 D 1985 N2122_1985.trf 0.9060 0.0390 0.0209 0.0176 0.0165
2123 C 1985 N2123_1985.trf 0.9439 0.0441 0.0053 0.0034 0.0033
2111 B 1990 N2111_1990.trf 0.7966 0.1199 0.0326 0.0277 0.0232
2112 B 1990 N2112_1990.trf 0.7966 0.1199 0.0326 0.0277 0.0232
2115 F 1990 N2115_1990.trf 0.9060 0.0390 0.0209 0.0176 0.0165
2122 D 1990 N2122_1990.trf 0.9060 0.0390 0.0209 0.0176 0.0165
2123 C 1990 N2123_1990.trf 0.9476 0.0415 0.0043 0.0036 0.0030
2111 B 1995 N2111_1995.trf 0.8110 0.1126 0.0291 0.0244 0.0229
2112 B 1995 N2112_1995.trf 0.8110 0.1126 0.0291 0.0244 0.0229
2115 F 1995 N2115_1995.trf 0.9060 0.0390 0.0209 0.0176 0.0165
2122 D 1995 N2122_1995.trf 0.9060 0.0390 0.0209 0.0176 0.0165
2123 C 1995 N2123_1995.trf 0.9510 0.0390 0.0038 0.0032 0.0030
2111 B 2000 N2111_2000.trf 0.8084 0.1155 0.0256 0.0283 0.0222
2112 B 2000 N2112_2000.trf 0.8084 0.1155 0.0256 0.0283 0.0222
2115 F 2000 N2115_2000.trf 0.9060 0.0390 0.0209 0.0176 0.0165
2122 D 2000 N2122_2000.trf 0.9060 0.0390 0.0209 0.0176 0.0165
2123 C 2000 N2123_2000.trf 0.9510 0.0390 0.0038 0.0032 0.0030
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Road

OSPM

type type Year File name Passenger car Van Truck <32t Truck > 32t Bus
2111 B 2005 N2111_2005.trf 0.7947 0.1155 0.0342 0.0287 0.0269
2112 B 2005 N2112_2005.trf 0.7947 0.1155 0.0342 0.0287 0.0269
2115 F 2005 N2115_2005.trf 0.9060 0.0390 0.0209 0.0176 0.0165
2122 D 2005 N2122_2005.trf 0.9060 0.0390 0.0209 0.0176 0.0165
2123 C 2005 N2123_2005.trf 0.9510 0.0390 0.0038 0.0032 0.0030
2111 B 2010 N2111_2010.trf 0.8047 0.1155 0.0304 0.0255 0.0239
2112 B 2010 N2112_2010.trf 0.8047 0.1155 0.0304 0.0255 0.0239
2115 F 2010 N2115_2010.trf 0.9060 0.0390 0.0209 0.0176 0.0165
2122 D 2010 N2122_2010.trf 0.9060 0.0390 0.0209 0.0176 0.0165
2123 C 2010 N2123_2010.trf 0.9510 0.0390 0.0038 0.0032 0.0030
2111 B 2015 N2111_2015.trf 0.8116 0.1155 0.0278 0.0233 0.0218
2112 B 2015 N2112_2015.trf 0.8116 0.1155 0.0278 0.0233 0.0218
2115 F 2015 N2115_2015.trf 0.9060 0.0390 0.0209 0.0176 0.0165
2122 D 2015 N2122_2015.trf 0.9060 0.0390 0.0209 0.0176 0.0165
2123 C 2015 N2123_2015.trf 0.9510 0.0390 0.0038 0.0032 0.0030
2111 B 2020 N2111_2020.trf 0.8116 0.1155 0.0278 0.0233 0.0218
2112 B 2020 N2112_2020.trf 0.8116 0.1155 0.0278 0.0233 0.0218
2115 F 2020 N2115_2020.trf 0.9060 0.0390 0.0209 0.0176 0.0165
2122 D 2020 N2122_2020.trf 0.9060 0.0390 0.0209 0.0176 0.0165
2123 C 2020 N2123_2020.trf 0.9510 0.0390 0.0038 0.0032 0.0030
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2.9 Trends in Annual Average Daily Traffic

As a starting point, Annual Average Daily Traffic (AADT) in the road network
represents traffic flows around 1995 except for the new motorway segments
added since 2007 as described in section 2.2. To be able to estimate AADT for
all roads for the period 1960-2020 the trend in traffic development is
established as an index where 1995 is set to 1.00. The assumption for the
period 1960-1995 is described in Jensen et al. (2008), and here the focus is on
1995 to 2020 where new data have been established based on information
from the Danish Road Directorate.

The trend in traffic is based on the development in total distance travelled
(vehicle-km) and road length (km). Note that the development in AADT is
distance travelled divided by road length for a road type. Distance travelled
includes domestic as well as foreign vehicles. It has only been possible to split
data into two categories: motorways and all other roads for the entire period
1960-2020. Motorways correspond to road code 2111 and all other roads to
road code 2112, 2115, 2122, 2123. However, expressways (2112) are part of
other roads in the analysis but in the database it is assumed that the increase
in AADT follows the same pattern as for motorways as expressways are main
roads. The total length of expressways is rather small compared to
motorways. See the traffic development in Table 2.4 for the period 1995 to
2020. The year 2020 was not included in the analysis, and hence an index for
2020 has been extrapolated based on the previous trend. The database should
be updated when new data for 2020 is available.

AADT has increased significantly on motorways whereas all other roads on
average have had constant AADT. The index for all other roads have been set
to 1.00 in the database although there are small changes between years.



The development in the index for AADT is shown in Table 2.8 and visualized
in Figure 2.8.

Table 2.8. Trends in distance travelled, road length and AADT for motorways and all other roads

Motorways All other roads

Distance Distance
Year Road length Total AADT Factor Road length Total AADT Factor

travelled travelled

- No. . No.
Billion km km . Billion km km )
vehicle/day Index vehicle/day Index

1995 6.54 796 0.82E+07 1.00 32.64 70459 4.63E+05 1.00
2000 10.06 922 1.09E+07 1.33 32.64 70699 4.62E+05 1.00
2005 12.08 1031 1.17E+07 1.43 33.24 71225 4.67E+05 1.01
2010 13.52 1130 1.20E+07 1.46 33.30 72444 4.60E+05 0.99
2015 16.35 1231 1.33E+07 1.62 34.18 73240 4.67E+05 1.01
2020 1.77* 1.00

*Values has been extrapolated based on previous years.
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Figure 2.8. Index for development of AADT 1960-2020 for motorways and all other roads.
Year 2020 has been extrapolated based on previous trends.

Minimum value for AADT

If AADT is less than 200 for any year it is set to 200 as a minimum value. For
air pollution calculations low levels of AADT do not contribute much due to
the contribution from background concentrations.

In fact, in AirGIS calculations only AADT more than 500 are considered for
OSPM calculations to determine the street contribution to air quality to save
computer time for calculations.

In noise calculations all roads equal or less than AADT of 200 has been
removed from the road network to make noise calculations more efficient.

2.10 Travel speed

The maximum allowed speed on the original road network from 2007 was set
to 110 km/h at motorways. However, in April 2004 the maximum allowed
speed was increased to 130 km/t for selected motorways. These motorways
have been identified based on a map from the Danish Road Directorate and
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the speed limit has been set to 130 km/h. Some of the new motorway sections
that have been added to the road network also have a speed limit of 130 km/h.
To distinguish between allowed speed before and after 2004 a new attribute
has been added with the name Agtrafsp04 and assigned 130 km/h in cases of
relevance.

Travel speeds are set equal to the speed limit with three exceptions: (1)
motorways with a speed limit of 130 km/h are assigned a travel speed of 120
km/h, (2) roads with speed limit of 50 km/h are assigned a travel speed of 40
km/h, and (3) all dead-end roads are also assigned a travel speed of 40 km/h.
All dead-end roads were originally identified with a developed GIS script.

All motorway sections with a speed limit of 130 km/h are shown in Figure
2.9.

Figure 2.9. Visualisation of motorway sections with a speed limit of 130 km/h.

2.11 List of attributes

A complete list of attributes of the road and traffic database is shown in
Appendix B divided into attributes used for air quality calculations in AirGIS
and OML-Highway and for noise calculations in SoundPlan.

2.12 Comparison of distance travelled

Distance travelled is not an attribute that is used for air quality or noise
calculations. In Appendix C we have compared the distance travelled of the
Road and Traffic Database (RTD) with similar data from the Danish Road
Directorate (DRD) as an overall rough quality assurance of the AADT and
road segments lengths. Distance travelled is vehicle km travelled on the road
network during one year.
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Appendix A. Example of OSPM trf-file
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Appendix B. Road and traffic attributes

Road and traffic attributes for AirGIS

Table B1 Road and traffic attributes in GIS road network required for AirGIS

Attribute name Description Road info | Traffic info
OBJEKTTYPE Text description of road type in X
KORT10

OBJEKTKODE Code for road type in KORT10 X

VEJ_KODE Unique 7 digit road code X

VEJ_NAVN Road name (from CPR) X
AGTRAFCOYR Estimated road construction year X
AGTRAALWSP Speed limit (km/h) X X
AGTRAFSP Travel speed (km/h) X X
AGOSPMSTTY OSPM road type X X
AGADT1960 IAnnual Average Daily Traffic 1960 X
AGADT1965 IAnnual Average Daily Traffic 1965 X
AGADT1970 IAnnual Average Daily Traffic 1970 X
AGADT1975 IAnnual Average Daily Traffic 1975 X
AGADT1980 IAnnual Average Daily Traffic 1980 X
AGADT1985 IAnnual Average Daily Traffic 1985 X
AGADT1990 IAnnual Average Daily Traffic 1990 X
AGADT1995 IAnnual Average Daily Traffic 1995 X
AGADT2000 IAnnual Average Daily Traffic 2000 X
AGADT?2005 IAnnual Average Daily Traffic 2005 X
AGADT2010 IAnnual Average Daily Traffic 2010 X
AGADT2015 IAnnual Average Daily Traffic 2015 X
AGADT2020 IAnnual Average Daily Traffic 2020 X
AGTRAF2DIR ID for dobble digitalization of road X
AGTRAFUNIQ Unique ID for record X
SHAPE_LEN Length of road segment (m) X
AGALWSP04 Speed limit on motorways in 2004 X
ROADWIDTH \Width of carriageway of road segment X

(m)
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Road and traffic attributes for OML-Highway

A network shapefile contains characteristics of either target roads,
background roads, or both types of roads. The field Tflag indicates the road
type. However, the two last parameters in the table (Nside and
IDTRAFCCAT) are calculated by SELMAGS,

Table B2. Definition of fields in the road network shapefile used for OML-Highway. The column Target/Background indicates
whether the parameter is relevant for Target roads, Background roads or both.

Attribute Data description Target/Background Format

RoadID Unique number Both Integer

Roadtype ID for road type used for background roads to characterise their traffic Background Integer
conditions. Five types are used (2111, 2112...)

DoubleD Double digitised = 2, otherwise = 1. For double digitised roads there are Target Integer

two close, approximately parallel road segments, each of which carries
traffic in one direction.

AADT Annual Average Daily Traffic (number) Both Float/Double

FPass Fraction of passenger cars. Number between 0 and 1. The sum Background Float/Double
(FPass+FVans+FTrucks+FBus) should be 1.

FVans Fraction of vans. Number between 0 and 1. The sum Background Float/Double
(FPass+FVans+FTrucks+FBus) should be 1.

FTrucks Fraction of trucks. Number between 0 and 1. The sum Background Float/Double
(FPass+FVans+FTrucks+FBus) should be 1.

FBus Fraction of buses. Number between 0 and 1. The sum Background Float/Double
(FPass+FVans+FTrucks+FBus) should be 1.

FHeavyDuty  Fraction in percent of heavy duty vehicles (sum of trucks and buses, but Target Float/Double
in percent).

OSPMType Id for traffic type used for target roads to characterise their traffic Target Text
conditions. An example is Type A.trf, which is a standard OSPM diurnal
type.

Roadwidth Width of carriageway of road segment (m); if double digitised only one Target Float/Double
direction.

SpeedLight Speed of light traffic in km/h. This speed is a scaling speed which Both Integer

implicitly defines the speed of heavy traffic. The speed for an actual hour
may be different and is computed based on information in *.trf files.

DamH Height of dam (positive) or cutting (negative) in relation to ground (m) Target Float/Double

WallH Height of noise wall (m). Target Float/Double

EmbankH Height of embankment (m). Target Float/Double

TFlag Flag. 1 for target roads, 2 for background roads; records with other Both Integer
values are ignored.

NDistance Distance from road centre line to noise wall/lembankment (m). Target Integer

NSide Location of noise barrier in relation to the road follows the convention of Target Integer
OSPM (either 1 or 2); created by SELMA®'S,

IDTRAFCCAT Id for traffic composition categories; created by SELMAC'S, Note that Target Integer

SELMAGS'S versions distributed prior to November 15, 2014 produce files
where the variable IDTRAFCCAT is named IDDIURNAL.

26



Road and traffic attributes for SoundPlan

Table B3 Road and traffic attributes in GIS road network required for SoundPlan

Attribute name Description

Vej_navn Unique road code

Vej_kode Road name

AADT Annual Average Daily Traffic
Andel_tung Share of heavy-duty traffic
Hast_tung Travel speed, heavy-duty vehicles
Hast_let Travel speed, light-duty vehicles
Agospmstty OSPM vejtype

OSPMtype_S SoundPlan road type based on OSPM vejtype
Vejbredde Road width (m)

Vejbredde_ Road width/2 (m)

Afstandtil Distance to emission line (m)

SoundPlan runs noise calculations for one specific year at the time, and the
user must make the relevant AADT and share of heavy traffic available for
that year.
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Appendix C. Comparison of distance travelled

Distance travelled is not an attribute that is used for air quality or noise
calculations. In the following we have compared the distance travelled of the
Road and Traffic Database (RTD) with similar data from the Danish Road
Directorate (DRD) as an overall rough quality assurance of the AADT and
road segments lengths. Distance travelled is vehicle km travelled on the road
network during one year.

Distance travelled in Road and Traffic Database (RTD)
In Table C.1 distance travelled based on the Road and Traffic Database (RTD)
is shown.

Table C.1. Distance travelled based on the Road and Traffic Database (RTD)

g{l‘"gﬁ‘fr:q';’d 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 '?fggo'exnlfrt]:‘)
Motorway 3.6 3.7 3.7 47 41 49 6.7 79 117 130 140 163 186 3.2
Expressway 0.3 05 07 0.7 0.7 07 0.8 0.9 1.2 1.2 13 1.4 15 0.4
Road >6m 64 115 151 155 153 163 192 206  20.6 206 206  20.6 206 14.0
Road 3-6 m 41 5.6 6.8 7.0 6.9 7.3 8.4 8.9 8.9 8.9 8.9 8.9 8.9 426
Other road 75 7.9 8.7 8.7 8.7 8.9 9.5 9.8 9.8 9.8 9.8 9.8 9.8 100.9
Grand total 220 292 349 365 357 380 445 482 522 536 546 571 595 161.1

*In Danish "motorvej”, ** in Danish "motortrafikve;”.
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Comparison of distance travelled for all roads

In Figure C.1 a comparison is shown between distance travelled based on data
from the Danish Road Directorate (DRD) and the road and traffic database
(RTD) for all roads.

Distance travelled on all roads (billion km)

60
50
40
30
20

10

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

e==DRD all roads ====RTD all roads

Figure C.1. Comparison between distance travellen based on data from the Danish Road
Directorate (DRD) and the road and traffic database (RTD).

It is seen that the general trend is the same for distance travelled based on data
from the Danish Road Directorate (DRD) and the road and traffic database
(RTD) allthough RTD overestimates distance travelled compared to DRD and
especially in early years compared to later years.



There are several reasons why RTD overestimates compared to DRD.

DRD only include distance travelled by domestic vehicles whereas RTD also
include distance travelled by foreign vehicles passing through Denmark. The
Danish Road Directorate estimates that distance travelled by foreign vehicles
in 2014 is only 3% of total distance travelled. This kind of statistics is not
available for the entire time periode from 1960 and onwards. Hence, the
exclusion of distance travelled by foreign vehicles only partly explains why
RTD overestimates distance travelled.

The main reason that RTD overestimates distance travelled compared to DRD
is likely to be found in the roads included and our assignment of AADT for
other roads as explained in the following. DRD only includes public roads
whereas RTD includes all public and private roads, that is, all roads that can
be seen on an aerial photograph.

Previous comparison between the length of the public road network and the
length of the road network of RTD shows that the road network of RTD is
about twice as long as the public road network (Jensen et al., 2008). It is not
possible to identify private roads in RTD as the road network of KORT10 does
not include wheither or not a road is public or private. However, private roads
are typically dead end roads, minor roads and gravel road, and typically in
rural areas. These roads will typical be other roads (road type = 2123).

As seen from Table C.1 the road length of other roads is about 63% of the
entire road network in RTD and distance travelled is about 18% of all km
travelled. Few roads in the category of other roads were assigned traffic flow
from available traffic sources and hence a default AADT of 200 were assigned
for 1995 and backcasted and forecasted based on the index shown in Figure
2.8. It is very likely that this arbitary assignment of AADT of 200 for other
roads is too high and the main reason for the difference between distance
travelled in DRD and RTD. In principle the assignment of AADT in RTD
could be calibrated to match distance travelled in DRD.

The road network of RTD is based on KORT10 from 2007 and extended with
new motorways since then. This means that roads that did not exit in e.g. 1960
are still assigned AADT, and hence distance travelled on the road network is
overpredicted back in time. This is also clearly seen in Figure C.1. However,
distance travelled is not used for air quality and noise calculation as only
AADT is used. For air pollution calculations low levels of AADT do not
contribute much due to the contribution from background concentrations and
only AADT more than 500 are considered for OSPM calculations to save
computer time. In noise calculations all roads equal or less than AADT of 200
has been removed from the road network to make noise calculations more
efficient.

Comparison of distance travelled for motorways only

In Figure C.2 a comparison is shown between distance travelled based on data
from the Danish Road Directorate (DRD) and the road and traffic database
(RTD) for motorways only.
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Distance travelled on motorways (billion km)
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Figuer C.2. Comparison between distance travellen based on data from the Danish Road
Directorate (DRD) and the road and traffic database (RTD).

As expected the trends in distance travelled is similar for motorways for
recent years in both datasets. This is due to the fact that motorways are well
defined in both datasets. RTD over estimates back in time for the same reasons
as given above, that is, all motorways in the road network from 2007 also
exists in the database back in time and are assigned traffic although scaled in
time.
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