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Disaggregating traffic counts based on regions, urbanisation, road types and time
Description of a Danish methodology
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Abstract
This note contains a summary of a methodology for disaggregating national traffic counts based on regions of a country, degree of urbanisation, type of road and time of the year. The underlying method is developed by the Danish Road Directorate (DRD), and this note represents a short summary of the methodology. 

The responsibility for this note lies with the EEA, but the DRD has had a chance to comment on the note to avoid misunderstandings. The methodology is described in larger details in a note (see reference list), but only available in Danish.

Overview of the Danish road traffic indices 
The Danish traffic indices describe the development of road traffic within Danish borders. It was born of the increasing need to report trends in relation to different regions, urbanisation and road types. The indices rely on an extensive network of traffic counting stations distributed across the country [DRA 2002]. 
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Car traffic trends are reported yearly, quarterly and monthly. A couple of examples of the various possibilities using data from [DRA 2005]:

The indices are calculated based on a number of fixed counting stations throughout the country and are published on the internet with very short delays (around 3 month for the monthly index).
The underlying methodology allows an estimation of the margin of error in the estimated index and these calculations are documented in [DRA 2002].

Methodology
In practice it is impossible to measure all traffic going through all roads in the country. Therefore total traffic has to be estimated based on a sample of road segments. 
There has been growing demand for a more accurate but also more differentiated reporting of traffic trends based on different geographical units, degree of urbanisation and road types. Stratification is used to accomplish these objectives, where different roads are divided into strata and samples are allocated to these strata. 
The level of differentiation sought has led to the following subdivisions:

· Road type: Motorways; national roads (Stats og Amtsveje); and local roads (kommuneveje).

· Urbanisation: Rural areas; in city areas having between 5.000-100.000 inhabitants; in city areas of more than 100.000 inhabitants (Aarhus, Odense, Aalborg); and Copenhagen (Storkøbenhavn). 

· Regions: City of Copenhagen (København og Frederiksberg kommuner); Remaining parts of greater Copenhagen (København, Frederiksborg og Roskilde amter); Rest of Sjælland og Lolland-Falster (Vestsjælland og Storstrøm amter); Fyn (Fyns amt); South Jutland (Sønderjyllands amt); South West Jutland (Ribe og Ringkøbing amter); East Jutland (Vejle og Århus amter); North and West Jutland (Viborg og Nordjyllands amter); Bornholm (Bornholms amt).

Road network in Denmark

All public roads are included in the calculation of the traffic index. Private roads, however, are not included carrying only little traffic.
The subdivision of national roads (both State and County) into road segments is based on the Road Sector Information System (VIS) [VIS 2005]. Typically, roads are divided according to their physical characteristics. The mean length of a road segment in national roads is 1123 meters. 
For local roads (kommuneveje) there is no subdivision available. For the calculation of the traffic index it is assumed that all local roads can be divided into road segments of a length of 1000 meters. 

The total road network is therefore subdivided into 70827 road segments.

Length of the public road network in 1999, including ramps and junctions, listed by administrative owner.
	Administrative owner
	Length in km
	Number of road segments

	State (1)
	2,169
	2,344

	County
	9,990
	8,488

	Communes
	59,995
	59,995

	Total
	72,154
	70,827


(1) Includes Øresundsmotorvej og Storebæltsforbindelse.
Source: VIS og kommuner [VIS 2005]
Stratification
Road type is one of the differentiating characteristics included in the calculation of the traffic index. Moreover, the analysis shows that roads with little traffic have different patterns from roads with larger traffic volumes. To account for this, the base year average annual daily traffic (AADT) is built into the stratification. This additional subdivision results in more homogeneous strata, in terms of the variance within strata, and therefore in a reduction of the uncertainty associated with the estimates. The additional subdivision can also balance out the possible overrepresentation of existing traffic-count stations in roads with heavy traffic.
As a starting point for the stratification the roads are divided into the 6 following main strata:
1) Motorways
2) Ramps and junctions on national roads

3) National roads outside urban areas

4) National roads inside urban areas

5) Local roads outside urban areas

6) Local roads inside urban areas

Within each main stratum the subdivisions are applied. The detailed stratification is then based on an extensive analysis of the uncertainty of the traffic index which resulted in 137 strata.
Detailed stratification:

1) Motorways are split across 20 strata and classified by main region and county.

2) Ramps and junctions are split across 12 strata and classified by main region and county.

3) National roads outside urban areas are distributed across 40 strata and classified by main region, county and estimated -AADT- annual traffic counts (usually within some thresholds).
4) National roads inside urban areas. Urban areas are defined as those having at least 5000 inhabitants. There are 12 strata available by main region, county and urbanisation. The latter is subdivided into 3 non overlapping categories: a) 5.000-100.000 inhabitants; b) 100.000-500.000 inhabitants; and c) Greater Copenhagen.
5) Local roads outside urban areas. There are 28 strata according to main region, county and type of road. There are 3 road types: a) big local roads (serving regional traffic and AADT>2.000 cars) ; b) medium-size local roads (serving local traffic and AADT of 500-2.000 cars); and small local roads (AADT typically <500 cars). 
6) Local roads inside urban areas. They are distributed across 25 strata and based on main region, county, urbanisation and road type. Road types inside urban areas are subdivided into two categories: a) big urban roads and b) residential roads.
Traffic volumes

Vehicle kilometres on national roads (state and county) can be calculated from the VIS [VIS 2005]. In 1999, it was estimated at 27.3 billion vehicle kilometres.

Vehicle kilometres on local roads in 1999 was estimated at 18.7 billion vehicle kilometres. Of these, 11.2 billion occurred in urban areas with more than 5.000 inhabitants. 
Since the index is published on a monthly base, vehicle kilometres are categorized by month estimated from existing count.

The table below shows traffic volumes in 1999 for the main strata.
Traffic volumes (billion vehicle kilometres) in 1999. 

	Main strata
	Traffic volumes

	Motorways
	9.43

	Ramps and junctions in national roads
	0.48

	National roads outside urban areas
	14.55

	National roads inside urban areas
	2.81

	Local roads outside urban areas
	7.51

	Local roads inside urban areas
	11.19

	Total
	45.97


Source: VIS and 60-punkts-tællinger [VIS 2005].
Selection of counting stations

The calculation of the traffic index is based on a sample of counting stations. Samples have to be random within the individual strata.
In 1999 there were 133 permanent counting stations on national roads (both state and county). In addition there were a rather large number of stations placed on ramps. Analysis showed that the prerequisite of randomness had not been met. Some geographical areas were overrepresented and counting stations were generally placed on roads with heavy traffic. To approximate a random allocation of counting stations within individual strata it was necessary to remove some of counters. The total number of counting stations on national roads amounts to 148. 
Concerning local roads, there were 70 counting stations in 1999. Also here there was an overrepresentation of counters on big local roads suggesting that the selection was not random. Therefore it was also necessary to take out stations in order to get better representativity within single strata. This led to 50 counting stations remaining.
As a result, the total of counting stations in both national and local roads added to 198 at the end of 1999.

Sample size
If vehicle kilometres are X in base year and Y in year of relevance, the traffic index is given by:
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Since the traffic index is based on samples rather than a complete count, the resulting estimates contain a degree of uncertainty.
The needed sample size is very much dependent on the relationship between uncertainty and the theoretical curve for the optimal allocation of the number of samples to the different strata (i.e. Neyman optimal allocation). It also depends on the significant level (or confidence level). As a starting point for the determination of the size of the sample, the calculated traffic index should be equal, with a 95% probability (confidence level), to the true traffic index +/-0.5 (uncertainty level). This implies some 300 to 400 counting stations. Taking into account resources, a sample of 300 was chosen. 
As there were 198 counting stations already, an additional 102 had to be sampled and established.
Allocation of the new counting stations
There are 3 rules in the allocation of the new counting stations
1) There has to be at least one counter per stratum
2) Uncertainty had to be reduced as much as possible.

3) The prerequisite of randomness within individual strata improves.

The optimal allocation method would suggest placing the counters in strata with high variation in traffic and thus reducing the uncertainty in that stratum. 
After allocating the new counting stations to the different strata the actual placement in the road segments is determined by simple random sampling.
The results of this process produced the following allocation of counting stations: 
A) National roads: 205 distributed as: 40 on motorways, 58 on ramps, 82 on other national roads outside urban areas, 25 on other national roads in urban areas. 
B) Local roads: 49 outside urban areas and 46 in urban areas.

It is worth mentioning that the great belt bridge (Storebæltsbroen) is excluded from the sampling. The traffic data is supplied directly by AS Storebæltsforbindelsen.  

Uncertainty

The uncertainty of the traffic index is defined as the interval where the correct traffic index with a given probability alpha can be found.
When in the calculations of the traffic index there are many strata containing only a few samples a correction is used (Beale). This is because with small samples there is a tendency to get skewed distributions of the estimator. If we generally find many strata with few samples each, the overall traffic index for the country could be coupled with a rather large bias. The sum of the variance in the traffic index and of the bias is referred to as the mean square error. The Beale estimator is approximately normal distributed and the overall confidence interval of the true index is:
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All national road (state and county) segments are described by VIS, thus, population variances of R can be computed. For local roads, a similar database does not exist. The calculation of the uncertainty for local roads is approximated based on a comparison with the calculation of the uncertainty for national roads as it assumes:
1) Each stratum with a local road can be connected to a stratum with a national road.
2) The relative variance of the traffic volumes in the actual and reference period is the same for national roads and for local roads in the above-mentioned stratum.

3) The correlation coefficient between the traffic volumes in the actual and reference period is the same for national roads and for local roads in the above-mentioned stratum.

The uncertainty is calculated using the z-values of 1.96 and 1.00, which represent a 95% and 67% confidence interval respectively.
Before including the new (additional 102) counting stations, a total of 300 counters would have been (theoretically) needed to achieve, with a 5% significance level, an uncertainty of +/-0.5. The empirical uncertainty is +/-0.77, which is relatively higher than +/-0.5. There are few reasons for this: 300 was probably too few and the optimal allocation would have required a number of stations closer to 400. Also, 2/3 of the counting stations were given before hand and may not correspond to an optimal allocation of the samples to the different strata, thus increasing the uncertainty. Finally, there was the rule of at least having one sample per stratum and the fact that we can only allocate counting stations and not parts of it. 
If we use a probability alpha of 67%, the uncertainty would be +/-0.39. This means that the true traffic index can be found with a 67% probability within the estimated value +/-0.39. 
The table below shows the sample allocation and uncertainty (for a 95% and 67% confidence level) for road type, urbanisation and region.

Uncertainty of the traffic index by road type, urbanisation and region based on a sample of 300 counting stations
	Road type
	Sample
	Uncertainty
(95%-confidence)
	Uncertainty

(67%-confidence)

	Motorways
	40
	(1,12
	(0,57

	Other national roads
	165
	(1,19
	(0,61

	Local roads
	95
	(1,41
	(0,72

	Total
	300
	(0,77
	(0,39

	Urbanisation
	Sample
	Uncertainty

(95%-confidence)
	Uncertainty

(67%-confidence)

	Outside urban areas
	229
	(0,86
	(0,44

	Urban 5-100.000 inhabitants
	39
	(2,91
	(1,48

	Urban > 100.000 inhabitants
	17
	(2,18
	(1,11

	Greater Copenhagen
	15
	(2,41
	(1,23

	Total
	300
	(0,77
	(0,39

	Region
	Sample
	Uncertainty

(95%-confidence)
	Uncertainty

(67%-confidence)

	City of Copenhagen
	12
	(3,61
	(1,84

	Rest of greater Copenhagen
	74
	(1,49
	(0,76

	Sjælland og Lolland Falster
	48
	(2,09
	(1,07

	Fyn
	28
	(2,32
	(1,19

	South Jutland
	21
	(3,00
	(1,53

	South West Jutland
	25
	(3,68
	(1,88

	East Jutland
	49
	(1,47
	(0,75

	North and West Jutland
	38
	(1,93
	(0,99

	Bornholm
	5
	(7,04
	(3,59

	Total
	300
	(0,77
	(0,39


Source: Indeks over udviklingen i biltrafikken, Vejdirektoratet.
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