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1. INTRODUCTION

Transport models tend to be built for peak periods and an average working day to
cover the busiest times and largest annual proportions of demand. Building a similar
representation from scratch for Saturdays and Sundays, as well as your average
working day, may well be desirable, but will potentially triple and therefore cripple
your surveys budget.

Already surveys tend to be the most expensive element of any practical
implementation. Travel demand surveys, such as roadside interviews, will need to
be carried out with the same rigour as for weekdays, but concentrated on fewer
days. Household survey sample rates for weekend days will need to be the same as
for weekdays; of course savings can be made here by issuing multi-day travel
diaries, but compensation will be required for attrition on later survey days.

So why bother with the weekend?

First, the weekend is a large portion of the seven-day week, demand is also high,
and there are city and intercity locations whose greatest pressure is experienced in
weekend periods. Also, transport schemes will inevitably have an effect on weekend
demand and in this time of austerity, every penny of potential benefit of transport
investment should be accounted for.

This paper uses UK data sources to investigate weekend travel demand patterns
and begins to answer the question as to whether or not building a weekend model
really is worth the extra effort.

1.1. What Do Others Say?

A number of international studies have been conducted in which weekend travel
patterns were compared with weekdays. Interestingly, in the United States the



concern with modelling weekend travel comes from an environmental perspective,
linked to high ozone levels due to higher traffic volumes in the middle of the day,
combined with a larger number of people spending time outdoors. Agarwal (2004)
provides an extensive overview and literature list.

In the US, there is reported material on weekend travel for studies in San Francisco,
Seattle and New Jersey. Rutherford et al provide a large amount of statistics
comparing weekend and weekday travel patterns in Seattle, based on a survey
among 900 households. Lockwood et al (2004) use the 2000 San Francisco Bay
Area Travel Survey. Parsons Brinckerhoff (2000) report on dedicated weekend travel
surveys in 1997 amongst 275 households in New Jersey, as part of a much wider
survey of more than 10,000 households in the New York, New Jersey, and
Connecticut metropolitan area. The data was supplemented by data from around
1,600 households from the 1995 Nationwide Personal Transportation Survey
(NPTS).

In Canada, researchers have investigated weekend travel patterns in Calgary, using
a sample of 2,000 weekend household diaries out of 8,000 in total. McMillan et al
(1997) compare the weekend/weekday differences between Calgary residents and
the San Francisco Bay Area data reported by Lockwood et al.

In New Zealand, O’Fallon and Sullivan (2003) report on survey work comparing
weekend travel patterns in 3 cities: Auckland, Wellington and Christchurch. Using the
1997/98 New Zealand Household Travel Survey, they analysed trips made by some
4,400 residents.

The conclusions from all studies are very similar and not surprising:

In general in the weekend fewer trips are made, but on average longer trips, so
that total mileage (per person and per vehicle) is quite similar.

Less public transport is used, and car occupancy tends to be higher.

Peak travel demand occurs during the day, rather than at the beginning and/or
end.

Work and school trips reduce, and leisure-related trips increase.

Some generators (fun parks) will need special treatment as they attract such
large numbers of trips on weekend days.

Some studies conclude that Saturday and Sunday can be treated as a single day;
others advocate separating them out.

Despite these surveys, many of which were reported in the late 90s and early 00s,
we are not aware of any subsequent development and application of a weekend
transport model. Liu and Kondrath (2009) describe a pilot travel demand model
developed for New Jersey, but we could not determine any practical application.



Given the evidence of considerable weekend congestion problems on Motorways
and around urban centres, it makes sense investigating the cost-effective
development of practical travel demand models for weekend days. This paper
investigates whether and how weekend travel patterns differ from those observed
during weekdays, with the following objectives:

Is it possible (as in the American, Canadian and New Zealand studies) to derive
comparative relationships between travel patterns on weekdays and on
weekends?

Can, in the UK, weekend travel be regarded as a single entity, or should
Saturdays and Sundays be separated out?

Can representative weekend representations of travel patterns be constructed
from an existing weekday travel demand model?

Can descriptive statistics be identified that inform us of whether or not modelling
weekend travel is worth the extra effort?

1.2. Data Sources

Our study area is the urban area of Birmingham (England’'s second city), its
urbanised conurbation and the Motorways serving this agglomeration. The reasons
are mainly related to availability of data and an operational weekday model; but the
conclusions should be applicable much more widely.

A number of resources are available for this investigation:

SPECTRUM

SPECTRUM is a module within strat-e-gis; a multi-disciplinary managed data service
providing access to ‘on demand’ spatial information. Amongst many other things,
SPECTRUM contains data collected from automatic traffic counts in the West
Midlands.

TRADS
The Highways Agency (HA) maintains, operates and develops three traffic
databases and associated applications. The Traffic Flow Data System (TRADS) is
one such database, and holds information on traffic flows at sites on the motorway
network.

PRISM

PRISM is a strategic model for the West Midlands supported by the 7 district
authorities, the Highways Agency and CENTRO. The model is a state of the art
demand model linked to highway and public transport supply models with significant
detail in zoning and networks.



National Travel Survey (NTS)

NTS is an established series of household surveys of personal travel in Great Britain,
primarily designed to measure long-term trends. Data is collected via household
interviews and seven day travel diaries, making this one of the few datasets that
allow a comparison of travel behaviour between Saturdays, Sundays and an average
weekday. The detailed nature of the surveys allows for journey purpose, length and
temporal distributions to be extracted with a high degree of accuracy.

2. INVESTIGATION

The American, Canadian and New Zealand studies conclude that leisure-related
trips increase in the weekend. Therefore a sensible place to begin is to look at traffic
counts in urban centres (i.e. town, city and shopping centres), followed by a
comparison of flows on motorways (carrying the highest volumes). The locations of
the urban centres and motorway counts are shown in Figure 2.

2.1. Traffic Flows

Earlier studies have found that peak weekend demand occurs in the middle of the
day rather than at the beginning and/or end. Traffic counts are considered to see if
this is the case in the UK, and the peak flows that occur are compared between the
weekday and weekend.

Urban Centres

A selection of automatic traffic counts have been extracted from those available in
Birmingham City Centre (BCC) and three urban centres (Wolverhampton, Dudley
and Merry Hill). Twenty-four hour profiles have been examined for an average
weekday, Saturday and Sunday, and are summarised in Table 1 below.

As with earlier studies, weekend peak flows are found to be lower than weekday
peaks, and there is just a single peak in each of the weekend days. However, there
are some differences/additional points to observe:

The weekend peak does not always occur in the middle of the day, with peak
times varying between noon and early evening.

Although generally lower than a weekday, in the case of the shopping centre
count,the weekend peak is actually in excess of the working day peak.
Saturday and Sunday peaks generally occur at around the same time, but
Sundays are generally less busy than Saturdays.



Table 1 - Summary of City/Town Centre Automatic Tra  ffic Counts*

Weekday Peak

Traffic Flow (veh/hr) Saturday Peak Sunday Peak
count AM PM Time (vFeIr(])/er r %\Iivek:;y Time (vilt?lvr\:r) %\Iivek:;y
Birmingham A 2150 3400 17:00 - 18:00 2200 65% 16:00 - 17:00 2150 63%
Birmingham B 950 1000 18:00 - 19:00 950 95% 14:00 - 15:00 950 95%
Birmingham C 1500 - 12:00 - 13:00 1150 7% 11:00 - 12:00 1000 67%
W’hampton A 1500 1400 14:00 - 15:00 1200 80% 14:00 - 15:00 1000 67%
W’hampton B 800 700 14:00 - 15:00 750 94% 13:00 - 14:00 650 81%
Dudley 1700 1600 16:00 - 17:00 1600 94% 13:00 - 14:00 1500 88%
Merry Hill A 1300 1300 14:00 - 15:00 2050 158% 11:00 - 12:00 1850 142%
Merry Hill B 1700 - 12:00 - 13:00 1100 65% 11:00 - 12:00 900 53%

In addition to the figures from the table, the flow profiles indicate that flows in the
inter-peak (IP) period (usually 10:00 - 16:00) are, on average, comparable between a
weekday and weekend. An example of this is shown in Figure 1. If it is generally
deemed necessary to model the IP period of an average weekday, then, given this
observation, the flow profiles indicate a necessity to consider the weekend as well.

Figure 1 - Birmingham City Centre Traffic Count B
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Figure 2 - Study Area and Location of Counts
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Motorways

Flow profiles have been gathered on motorways around the ‘Birmingham
Motorway Box’. The profiles are gathered from averages of hourly traffic
counts over the whole year, and in most cases the data is available for all
days of the year. Peak flow comparisons are summarised in Table 2 below.

Table 2 - Summary of Motorway Traffic Counts

Weekday Peak

Saturday Peak Sunday Peak
_ Flow (veh/hr) y y
Traffic Count %
. Flow . Flow
AM PM Time (veh/hr) Wkday Time (vehihr)
Peak
M6 J8 2250 - 10:00 - 11:00 2100 93% 11:00 - 12:00 2000
South to North ' ’ 0 ' '
M5 J4A to J5 4700 4550 11:00 - 12:00 4000 85% 17:00 - 18:00 4250
Northbound
M40 J16 to
M42 J 3A 4200 3200 11:00 - 12:00 3100 74% 16:00 - 17:00 3300

Southbound

The motorway flow profiles show a single weekend peak, consistent with
previous studies, and before 11am the weekend flow is in generally lower than
an average weekday. The weekend motorway counts are slightly different to
the urban centre counts, as follows:

Weekend peak demand is closer to weekday peak demand.

Sunday peak demand can be greater than Saturday peak demand.

The Sunday peak tends to occur in the evening whilst the Saturday
peak occurs just before midday.

Summary of Traffic Flow Investigation

The peak levels of flow on a weekend generally lie in the region of 75-100% of
the average weekday peak flow and for motorways this is closer to 80-100%.
The traffic counts have also shown that the levels of flow during the IP period
are often consistently higher in the weekend than the weekday. Since the IP
period is often modelled for the weekday, and peak weekend flows are almost
as high as weekday peak flows, there is a genuine reason to consider
weekend modelling, also considering the added number of hours during which
benefits can be measured in the weekend.

So how should we go about this? As explained earlier; including a weekend in
the survey programme could conceivably cripple the budget. A more
pragmatic approach is to develop factors that estimate weekend demand from
validated weekday matrices. This paper proposes to do so using data from the

%
Wkday
Peak

89%

90%

79%



National Travel Survey. Factors, once obtained, could be applied at the origin
to destination level, reflecting the segmentation in the matrices. The inherent
assumption is that the origin-destination pattern within each segment (such as
purpose or time period) is constant between the days, but the size or volume
is not. This assumption will be tested later, by comparing trip lengths.

2.2. Regarding NTS

The NTS data available for this study is for the years 1996-2001, totalling over
50,000 surveys and over a million individual journeys.

Amongst other things, NTS data consists of a ‘diary sample’ and an ‘interview
sample’; we will be making use of the former. The diary sample consists of all
fully co-operating households, which are those that have:

a household interview;

an interview for every member of the household;

a travel diary for every member of the household; and
where applicable, at least one completed vehicle section.

Weights have been produced which adjust for non-response and drop-off in
recording observed during the seven day travel week. For this investigation,
all journeys from the diary sample from all individuals surveyed between 1996
and 2001 have been used, with the exception of short walks, defined as walk
trips of less than 1 mile, and ‘series-of-calls’ trips.

For trip estimates, samples of 300 or less should not be used, whilst samples
of fewer than 1,000 should be used with caution. For this study, all
purpose/day combination sample sizes for car-driver journeys are over 1,000
with the exception of education (all days), business (Sunday only) and N/A.

2.3.NTS: Trip Rates

The various modes of transport used by travellers on a weekday are shown in
Figure 3. For all days car, either as the driver or passenger is the main mode
of travel. Following the trends observed in other studies:

Car occupancy increases in the weekend, from 1.49 on a weekday to
1.74 on a Saturday and 1.83 on a Sunday.

A lower percentage of journeys are made by public transport in the
weekend; 13% of journeys use public transport on a weekday,
decreasing to 11% and 6% respectively on a Saturday and Sunday.



It can also be seen that:

The percentage of journeys over 1 mile made walking is the same by
day of the week.

The percentage of journeys made by car, either as driver or passenger,
increases from 76% on a weekday to 80% on a Saturday and 84% on a
Sunday.

The percentage of journeys made by bus on a Sunday (3%) is a third of
the percentage on a weekday (9%).

More than three quarters of trips are made by car; in this investigation we
have concentrated on the development of weekend matrices for car only.

Figure 3 — Mode of Travel by Day of Week

DwWalk Weekday

B Car/vandriver
OCar/van

passenger
OOther Private
B Bus

O Surface Rail

@ Other public

Saturday Sunday

3%

1%




2.4.NTS: Travel by Purpose

Table 2-3 gives car-driver trip rates by purpose and day of the week, along
with each purpose trip rate as a proportion of the total daily car trip rate.

Table 2-3 - Trip Rates and Purpose Distribution of  Car-Driver Journeys by Day
of Week

Car-Driver Trip Rate % of daily car-driver

(per day, per person) trips
Purpose Wkday Sat Sun Wkday Sat Sun
Commute 0.36 0.13 0.07 27% @ 11% 8%
Business 0.13 0.03 0.02 10% 3% 2%
Education 0.01 0.00 0.00 1% 0% 0%
Food Shop 0.08 0.12 0.05 6%  11% 6%
Non-food Shop 0.15 0.28 0.13 11% @ 25% 15%
Visit Friends 0.14 0.19 0.21 10% | 17% 24%
Other Social* 0.10 0.12 0.12 7% | 11% 14%
Holiday/Day Trip 0.02 0.03 0.05 2% 3% 6%
Other** 0.11 0.09 0.10 8% 8% 12%
N/A*** 0.23 0.15 0.12 18% | 13% 13%
All Purposes (Car) 1.33 1.16 0.88 100% ' 100% | 100%

All Purposes (All Modes) 2.58 2.52 1.93

* Other Social consists of: Eat/drink with friends, entertain / public activity, sport: participate and other
social as defined in NTS

**  Other consists of: Personal business medical, personal business eat/drink and personal business
other.

***  N/A consists of: Just walk, escort and other non-escort.

The following observations are consistent with what others have said in their
investigations:

Fewer trips are made in the weekend across all modes and purposes; this
is particularly true for Sundays.

Fewer car trips made on a weekend; 1.16 on a Saturday and 0.88 on a
Sunday compared with 1.33 on a weekday.

Commute and education car-driver trips reduce in the weekend. This is
also the case for business car-driver trips.

Leisure and shopping-related car trips increase in the weekend, with the
proportion of leisure trips greatest on a Sunday and shopping trips greatest
on a Saturday.

The proportion of non-food shopping trips as a function of food shopping
trips is remarkably constant: about 2 to 2.5



The purpose distribution of car-driver trips for an average Weekday, Saturday
and Sunday is plotted using the values from Table 2-3, as shown in Figure 4.
The decrease in the proportion of commute, business and education in the
weekend, and the increase in shopping and leisure in the weekend is clear to
see. Social and leisure trips have the same trend of an incremental increase
from weekday to Saturday to Sunday whilst shopping trips of all kinds spike
on a Saturday.

Figure 4 - Distribution of Car-Driver Trips by Purp  ose
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Table 2-4 and associated plot (Figure 5) show the distribution of car-driver
mileage across the various journey purposes and days of the week. The
following observations are consistent with what others have said:

On average longer trips are made in the weekend, both for all modes
and for car-driver only.

Total mileage across all modes is similar for all days of the week, with
the greatest total per-person mileage occurring on Saturdays.

The day-of-week pattern of car-mileage between food shopping and non-food
shopping is similar, supporting the simplification that shopping need not be
separated by type for this analysis. The same applies to visiting friends and
‘other social’, where the observations indicate they could be aggregated into a
single ‘social’ purpose without too much loss of accuracy.



Table 2-4 - Mileage and Average Trip Length of Car- Driver Journeys by

Purpose and Day of Week

Car-Driver Mileage Average Trip Length

(per day, per person) (miles)

Purpose Wkday Sat Sun  Wkday Sat
Commute 3.57 1.09 0.66 9.92 8.40
Business 2.13 039 032" 16.62 11.78
Education 0.11" 0.02" = 0.02" 9.21" 12.59"
Food Shop 0.30 0.50 0.18 3.84 4.08
Non-food Shop 0.82 1.73 0.89 5.42 6.10
Visit Friends 1.23 2.32 2.80 9.11 12.06
Other Social* 0.67 1.27 1.18 6.99 10.19
Holiday/Day Trip 0.54 0.93 1.17 24.50 27.26
Other** 0.62 0.54 0.56 5.60 6.22
N/A*** 1.00" 0.92" | 0.92" 4.29" 6.23"

All Purposes (Car) 11.00 9.72 8.70 8.29 8.40
All Purposes (All Modes) 19.72 21.92 @ 19.75 7.64 8.69

*

*%

Sun
8.86
16.67"
15.48"
3.68
6.64
13.18
9.88
24.07
5.50
7.72"
9.88
10.24

Other Social consists of: Eat/drink with friends, entertain / public activity, sport: participate and other

social as defined in NTS

Other consists of: Personal business medical, personal business eat/drink and personal busi
other.

N/A consists of: Just walk, escort and other non-escort.

These figures should be used with caution due to sample sizes of less than 1,000

Figure 5 - Average Car-Driver Trip Lengths by Purpo  se
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2.5.NTS: Travel by Time of Day

The temporal distribution of car-driver trips is investigated using NTS data.
Figure 6 gives a 24-hour profile of car mileage for an average Weekday,
Saturday and Sunday. Figure 7 shows the same but for car-driver trips rather
than mileage. The horizontal axes in both Figure 6 and Figure 7 give the
journey mid-point time.

The temporal distribution of car-driver trips from NTS is very similar to that
observed from the urban centre and motorway counts from section 2.1, and is
also consistent with what others have said. Worthy of note is that (according
to the NTS analyses) the peak for Saturday and Sunday trips occurs at the
same time, rather than the Sunday peak occurring later in the day (as
indicated in the traffic count analyses). When it comes to car-mileage there is
almost a double peak on a Sunday, with only a small dip between a midday
and early evening peak.

Throughout the IP period there are considerably more car-driver trips made on
a Saturday than any other day. The IP trip rate on a Sunday is comparable to
that of a weekday.

2.6. The Weekend Peak

When modelling a weekday, it is common to model a peak hour for the AM
and PM, and to model an average hour within the IP period. A question arises
as to whether the single weekend peak should be modelled as an average
hour within a set number of the busiest hours, or whether only the busiest
hour should be modelled. The answer lies in the reasoning fuelling the choice
to model an average hour in the weekday, and also in the application of the
model in question.

Weekday IP models are for an average hour due to the relative flatness of the
flows within it. The weekend peak, although not as sharp as a weekday, is
certainly not flat which suggests the peak hour should be modelled.



Figure 6 — 24-Hour Profile of Car Driver Mileage by

Average Day of Week




Figure 7 — 24-Hour Profile of Car Trips by Average

Day of Week




If modelling a weekend is to be worth it, it should be because levels of
congestion during the peak are high enough to warrant a model. Flows from
section 2.1 indicated that peak weekend flows in urban centres and
motorways were in the region of 75-100% of weekday peak flows, and so for
this paper we will proceed to generate factors for the busiest weekend peak
hour. AM, PM and weekend peak hours have been identified from the NTS
flow profiles, as shown in Table 5.

Table 5 - NTS Peak Hours

Peak Period Peak Hour Identified

Weekday AM 08:00 — 09:00
Weekday PM 17:00 —18:00
Weekend 11:00 - 12:00

The question now is: which parts of an average weekday most closely
resemble the weekend peak travel patterns, and can the peak be synthetically
constructed from parts of an average weekday?

2.7.NTS: Suitability of the Weekday

Figure 8 shows the average car journey trip lengths for each of the peak
hours. Sample sizes are much reduced at this level, and so all results
following from analysis at the time period level should be used with caution.

In general the weekday IP period is the best fit for the average trip length in a
weekday peak. Each purpose is considered in turn:

Commute
The average journey length in the weekday IP period is the same as a
weekday peak.

Business

There is large variation in average journey length between peaks, with
business trips during the weekend peak generally shorter than during the
weekday peaks.

Education

There are virtually no education trips during the Sunday peak, and those that
occur during the Saturday peak are significantly shorter than any of the
weekday peaks.



Shopping and Other
Journeys made for these purposes have practically the same average journey
length during the various peaks.

Social
Average trip length is higher during the weekend peak than any of the
weekday peaks.

The similarity between average trip length in the weekday IP and weekend
peaks is further investigated in Figure 9, showing the distribution of car-driver
commute trips over distance bands.

Similar plots were obtained for the other purposes, with the general message
that the IP is a good fit for the weekend, although there are certain distance
bands (e.g. car commute - 1 to 2 miles, 15 to 25 miles) that have a better fit in
other peak periods.



Figure 8 - Average Car-Trip Length By Purpose and

Time/Day of Week
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Figure 9 - Distribution of Commute Journeys over Di stance Band and
Peak/Period
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Conclusion

The NTS weekday average IP-hour data provides a good trip length
distribution fit to the weekend peaks, and including data from the other
weekday peaks does not significantly improve it.

We conclude that matrices factored by purpose to the trip rates obtained from
NTS data can result in a reasonable estimate of weekend demand. For trips of
a social purpose it is unlikely that there will be large enough proportion of
long-distance trips in any of the weekday matrices, and a further adjustment
may be necessary.

3. WEEKDAY TO WEEKEND

The methodology we suggest factors weekday I[P matrices to obtain
equivalent weekend demand. These factors have been derived from NTS,
and are given in Table 6 below. It may be that once factored from the
weekday IP by purpose, the difference in total weekend car trips is not close
to the ‘Total’ factor given in Table 6. In this case (and if there are no overriding
reasons for this being correct), a single factor could be applied across all
matrices so that the overall number of weekday trips is realistic. An example
of this is given in section 3.1.



Table 6 - Factors to Apply to Weekday IP Average-Ho ur Car Matrices to
Estimate Weekend Peak Car Demand

Factor to Convert
From Weekday IP to:

Saturday Sunday
Commute 0.511 0.295
Business 0.346 0.153
Education 0.094 0.000
Shop 2.447 1.248
Other 1.125 1.383
Social 1.623 2.135
Total 1.459 1.116

The reductions in commute and business trips, and particularly education, are
striking, counterbalanced by growth in shopping, social and other. The
differences between Saturday and Sunday are also clear. The following
should be taken into account when applying the factors in this report:

Factors should be applied to the car-driver mode only.

All factors apply to an average-hour IP matrix.

The peak-hours are assumed to be the same as in Table 5, with an IP
period of 10:00 till 16:00; factors are applied to an average hour in this
period, and the resulting weekend matrix represents the hour of 11:00
till 12:00.

Each car-purpose matrix resulting from applying the weights from Table
6 has a distribution representing a weekday average-hour IP matrix for
that car-purpose, but a different overall volume.

The average trip lengths for commute, shop and other was good, but
there is room for improvement for business and social trips.

3.1. An Application in PRISM

The method of factoring weekday IP matrices to estimate a weekday peak has
been applied to the PRISM 2006 validated base model. This will illustrate the
applicability of the proposed method, and will start to answer the original
question — is it worth it?

Factoring Weekday IP Matrices for PRISM Purposes

The PRISM highway modes include car, light-goods-vehicles (LGVs) and
heavy-goods-vehicles (HGVs). For the 2006 base model there exist car OD
matrices for the following mode/purpose combinations:



2 x Car Commute (separate matrices for local and motorway-
through-traffic (MTT))

2 x Car Business (local and MTT)
1 x Car Education (local only)
2 x Car Others (local and MTT)

1 x LGV (business) (local only)
2 X HGV (business) (local and MTT)

Due to the aggregation of ‘other’ purposes within PRISM, factors have been
derived using the NTS data where Shop, Other and Social have been
combined into one ‘Other’ purpose. The Saturday and Sunday factors for the
PRISM Car-Other demand segment is given in Table 7: as expected, some of
the nuances between Saturday and Sunday demand patterns have been lost,
although the Saturday factor is still considerably larger than the Sunday value.

Table 7 - Factors to Apply to Weekday IP Average-Ho ur Car Matrices to
Estimate Weekend Peak Car Demand - Aggregate Other  Purpose

Factor to Convert
From Weekday IP to:

Saturday Sunday

PRISM Other* 1.932 1.523
384( . ( "6( .2

For the treatment of goods vehicles, daily classified counts have been
obtained from TRADS for various motorway locations around the Birmingham
Motorway Box. Factors have been obtained from these counts, as shown in
Table 8, which factor an average IP HGV or LGV matrix into a weekend peak
matrix (11:00 till 12:00).

The classified counts are given by axle-distance with HGVs taken as vehicles
whose axle-distance is greater than 650cm. The LGV matrices in PRISM are
for trips of a business purpose and so an assumption has been made that the
same factor would apply to both HGVs and LGVs.

Table 8 - Factors to Apply to Weekday IP Average-Ho ur Goods Vehicle Matrices
to Estimate Weekend Peak Demand

Factor to Convert
From Weekday IP to:

Saturday Sunday

Goods - 0.400 0.267

Vehicles

Once the factors have been applied to the validated PRISM base year IP
matrices at the purpose level, the following OD matrix totals are obtained:



PRISM

Matrix Validated Saturday AFa;?t?jr
Weekday IP ppiie

Car Commute 66,150 33,800 0.511
Car Business 68,200 23,600 0.346
Car Education 19,050 1,800 0.094
Car Other 256,350 495,200 1.932
LGV 22,000 8,800 0.400
HGV 16,450 6,600 0.400
Car Total 409,750 554,400

Total 448,200 569,800

Using these factors there are 35% more car trips during the Saturday peak
than an average hour in the weekday IP. This is short of the 46% observed
using NTS, and so a further factor of 1.078 has been applied to all car

matrices, resulting in the following trip matrix totals:

. PRlSM Factor

Matrix Validated Saturday Applied
Weekday IP PP

Car Commute 66,150 36,450 0.551
Car Business 68,200 25,450 0.373
Car Education 19,050 1,900 0.101
Car Other 256,350 534,000 2.083
LGV 22,000 8,800 0.400
HGV 16,450 6,600 0.400
Car Total 409,750 597,900 1.459
Total 448,200 613,250

The overall car total on a Saturday is now the same proportion greater than
the weekday IP as calculated from the NTS data. Of interest is the
comparison of total car trips between the weekday AM and Saturday, as
shown in Table 9.

Table 9 - Comparison of Car and Vehicle Trips betwe  en the PRISM Weekday
AM Peak and Factored Saturday Peak

Purpose Modelled AM Saturday % of AM
Peak

Total Car Trips 623,650 597,900 96%

Total Vehicle Trips 655,850 613,250 94%

The Saturday peak matrices total is at the top end of the range witnessed in
the counts of 2.1. In order to ascertain whether it was worth applying these
factors by purpose, or whether a flat factor of 1.459 applied to all purposes
would have been appropriate, the purpose-factored and the flat-factored
Saturday matrices have been assigned into the PRISM base year weekday IP



networks (implicitly assuming a similar network availability (particularly signal
operations) during weekday IP and Saturday periods).

The flows have then been compared between the weekday AM, purpose-
factored Saturday and flat-factored Saturday scenarios, as summarised in
Table 10.

Motorway Flows

Table 10 - Comparison of Modelled Flows at the Moto  rway Count Locations
between the Saturday Peak and Weekday AM Networks

Saturday Purpose- Saturday Flat-

Modelled Factored IP Factored IP ClosEeet
. Sat Peak as %
Location Weekday % %
AM Veh/h Weekd Veh/h Weekd of Weekday
eh/hr eekday eh/hr eekday AM Peak
AM Peak AM Peak
M6 J8
South to 2250 2150 96% 2400 107% 93%
North
MSJaAt JS 5, 4200 76% 5000 91% 85%
Northbound
M40 J16 to
M42 J 3A 4500 3200 71% 3900 87% 74%
Southbound

The purpose-factored IP scenario results in a Saturday-WeekdayAM
comparison close to that observed. The flat-factored IP also produces
reasonable results, but in all cases is greater than the purpose-factored
Saturday and further away from the observed percentage. Factoring the IP
matrices by purpose is certainty worth doing to obtain realistic weekend
motorway flows (irrespective of the added benefit of a better purpose
distribution for subsequent economic analysis.

Urban Centre Flows

Within urban centres, the purpose-factored IP scenario results in Saturday
flows that are a little on the high side, but are within a reasonable range of the
observed percentages. The greatest errors occur where the purpose split is
determined strongly by locally specific land uses (Merry Hill); a more detailed
approach may be required for these locations. Using the flat-factored IP
matrices generally produces higher flows than the purpose-factored matrices,
again advocating the use of purpose-specific factors.



Table 11 - Comparison of Modelled Flows at the Cent  re Count Locations
between the Saturday Peak and Weekday AM Networks

Saturday Peak as Saturday Peak as

Modelled Multi-Factored IP Flat-Factored IP ClosEeet
. Sat Peak as %
Location Weekday % %
AM Veh/hr  Weekday Veh/hr  Weekd of Weekday
eh/hr eekday eh/hr eekday AM Peak
AM Peak AM Peak
Birmingham A 1650 1850 112% 2200 133% 79%
Birmingham B 1200 1300 108% 1400 117% 100%
Birmingham C 1950 1550 79% 1600 82% 70%
W’hampton A 1550 1250 81% 1300 84% 7%
W’hampton B 1650 1600 97% 1600 97% 81%
Dudley 1550 1650 106% 1700 110% 79%
Merry Hill A 900 2000 222% 1900 211% 115%
Merry Hill B 1350 1600 119% 1500 111% 65%
TOTAL 11800 12800 108% 13200 112%

Difference Plots: Purpose-Factored minus Flat-Factored Saturday

The following difference plots show, on all roads, the multi-factored IP
scenario flows minus flat-factored IP flows, where those in red (positive)
indicate greater flows in the purpose-factored IP network.

Figure 10 - Difference Plot of Purpose-Factored min  us Flat-Factored Saturday
Flows, West Midlands




Figure 11 - Difference Plot of Purpose-Factored min  us Flat-Factored Saturday
Flows, Birmingham

Figure 12 - Difference Plot of Purpose-Factored min  us Flat-Factored Saturday
Flows, Merry Hill (Shopping Centre)




The plots show that there is quite a difference in resulting flows by area and
link type when using the purpose-specific factors. Motorways are used more
in the flat-factored case, with local roads and urban centres taking more traffic
when the purpose-specific factors are used. This is linked to the differences
in trip ends by purpose, and the longer trip lengths of commute, business and
education trips on weekdays.

Difference Plots: Purpose-Factored Saturday minus Weekday AM

The following difference plots show the multi-factored IP scenario flows minus
the weekday AM scenario, where those in red (positive) indicate greater flows
in the purpose-factored IP network. These give a better indication of whether
it is worth the effort modelling weekend peak periods separately, rather than
just expanding weekday benefits directly.

Figure 13 - Difference Plot of Purpose-Factored Sat  urday minus Weekday AM
Flows, West Midlands




Figure 14 - Difference Plot of Purpose-Factored Sat  urday minus Weekday AM
Flows, Birmingham

Figure 15 - Difference Plot of Purpose-Factored Sat  urday minus Weekday AM
Flows, Merry Hill (Shopping Centre)




These plots show that again, there is a difference between the two networks.
Motorway flows are greater in the weekday AM, with the urban centres being
more congested in the Saturday peak. It is interesting that the section of
motorway on the M6 north of junction 8 is more congested during the
Saturday peak — this is linked to a number of out-of-town shopping and
entertainment centres located there.

Conclusion

The application of the factoring process in an operational average weekday
transport model has shown that realistic results can be obtained, and that
factoring the weekday IP matrices by purpose has had the desired effect of
focusing congestion in centres whilst leaving motorways with flows within the
observed range of the weekday AM peak. Flows at count locations are
generally closer to the observed Saturday values than if using a simple, flat
factor, even without further matrix estimation from counts. Importantly, the
assigned flows on the networks are different, and different in a way that
makes sense.

4. CONCLUSIONS

In the introduction we asked four questions linked to the title of the paper — is
modelling weekend travel worth the effort?

4.1. The Objectives

Traffic flows on motorways and in urban centres and analysis of NTS data
have shown that weekend demand is high, and that the weekend should be
considered separately in transport models. We have been able to derive
comparative relationships between travel patterns and weekdays and in
weekends. Using NTS, analysis of the travel patterns has shown that
weekend travel is less work-oriented, with a large increase in shopping, social
and other trips. Mileage also increases. With regard to journey distance by
purpose (as a proxy to similarity in origin-destination patterns), the weekday
interpeak (IP) provides a closer fit to the weekend than any other weekday
period. Indeed, the weekday IP period alone appears to be a sufficient basis
from which to create a weekend model.

Factors have been derived to create a Saturday and Sunday weekend peak
scenario from an average weekday IP model. The factors indicate the
significant difference between travel patterns on a Saturday and Sunday, and
weekend travel should be separated out into peak travel for these two days.



4.2. Was it Worth It?

An application of these factors for the PRISM model has given very
reasonable results. Traffic flows within the Saturday model thus created are
clearly focused on urban centres where weekend activities take place, whilst
the flows on motorways were very close to the data obtained from the
SPECTRUM and TRADS count databases. The volume and distribution of
traffic within the Saturday model created using purpose-specific factors is
notably different from that of the singly-factored Saturday model. This
indicates that, compared to the usual practice of employing simple factored
results from a weekday IP model as a proxy for weekend results, application
of the purpose-specific factors derived here is worthwhile.

4.3. The Implications

These factors potentially provide transport modellers with a quick, easy and
reasonable method to develop a transport model for the weekend peaks. Not
only does this allow the decision-maker to include the impacts of schemes
and policies on travellers and traffic operations in the weekend; it also
provides a more credible basis for assessing weekend benefits of transport
investments — and the count analyses have shown these may be substantial.

Further analysis would be beneficial using a wider range of traffic counts and
possibly a process of matrix estimation using these.

4.4. A Final Word of Caution

The factors created in the study have used data from NTS sample sizes below
the recommended 1,000. A repeat of the analyses including data from later
years would be beneficial to capture the error incurred due to small sample
sizes.

Also, a number of questions remain unanswered at this stage:

is the method applicable to other modes as well; is the amount of
information in NTS sufficient to derive equivalent factors?

In the absence of any dedicated OD surveys carried out in weekends,
how can we establish better the equivalence of weekend and weekday
distributions, compared to the average trip length and trip length
distribution analyses presented here?

What are the likely impacts on benefit estimates of the different
methods of estimating weekend travel demand — the proof of the
pudding?



Can we assume (or even better, determine) that travel response
behaviour in weekends is the same as during the week (given that
demand response models are also estimated using weekday survey
data)?

We intend to continue our investigations and will report further at future
European Transport Conferences.
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