














ENERGY AND URBAN TRANSPORT MANAGEMENT

. junction control {either individually or as part of an area traffic control
 gystem), vehicle restraint measures or the introduction of environmental

~areds.

n have the situatio
el a given distance
s made may be '
ned it cleariy

queue or decelerati The coefficients given above do not include the effect of starting

‘with a cold engine which can be considerable in the case of

“yery short trips. If the average journey length and the proportion of trips
ghich start from cold are known, it is possible to adjust the equations by
adding an additional term which would be a constant - i.e. the excess fuel
due to a 'cold' start per trip - times the number of trips affected.

his problem, and
f stops have been
1980), and

count  three Other factors not accounted for directly by any of the sub-models

:'proposed here include the effect of slowdowns and other speed fluctuations,
‘a5 well as the effect of different gradients. This latter factor may be
~important when transferring the results in space or when quantifying the
effects of UTM measures which are 1ikely to cause rerouting to or from

inks of considerably different gradients.

AN APPLICATION OF SATURN IN LIVERPOOL

The SATURN model was used to evaluate the fuel consumption consequencés
of several traffic management measures proposed by the local planning agency.
This work was part of a joint project between ITS and the Joint Transportation
Unit (JTY) of Merseyside County Council.

ed

: The central area of Liverpool covered by the study was sub-divided
into a 'core' area surrounded by an outer region or 'buffer' zone. This
distinction refers to the level of detail at which the road network and
zoning system were treated in the modelling process. The "core' area,
which is under 2 km2, was modelled in detail using SATURN, and is the
area where all traffic management measures reported here were introduced.
Outside this 'core' area, a further area was represented in the modelling
process by a network which was coded to the same level of detail as

at required by a conventicnal assignment modeT. This ‘buffer' network
was incorporated in order to assess the rerouting effects of introducing
major highway schemes outside the 'core' part of the central area. The
network representation of the SATURN area (i.e. the central ‘cove’), and
the 'buffer' area, are shown in Figures 2 and 3 respectively.
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Details of the calibration process which used 1978 as the base year,
are given by Choraffa and Ferreira (1983). A brief description of the
tests undertaken and the results chtained will now follow.
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Testing UTM Measures

current views of local planners,
of the work reported.

Test A

The first test carried out wa

1982.  Those changes which had taken
contracted to be constructed during

- the 1978 network, the main items are

(i) the upgrading of exist
the city which form pa

of the inner ring road

basis for comparison with all other
a comparison are shewn in Table 1.
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operation with certain r
associated bus route cha

As can be seen from Table 1, th
penalty, travel distance increased by
both decreased by 1.7 percent and 6.8
increase of 1 percent in fuel consumed

improvement,

The measures assessed with the help of SATURN can be conveniently
divided into two types, namely those that

County Council planners, ejther as schemes
proposals felt to be implementabte in the near future; and those measures
which are of an 'academic' nature in the sense that they do not represent

but are felt to be relevant in the context

(i1} the completion of a new Tength of road extending the Tine

The global performance statistics obtained from this test formed the

{i) closure of a one-way street to general traffic with part

access to a large bus terminus

bus only link and the transfer of services to an adjacent
route, utilising the bus terminus mentioned in (1)
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Changed circumstances had prevented the completion of the inner ring
voad in its originally envisaged form, with sections tc the west, north and
south being completed or under contract, but that to the east being abandoned.
proposals for some improvement in this corridor were developed, involving
upgrading several existing roads and restricting access to them, and improving
the capacity for certain movements at two junctions, the intention being to
divert traffic from parallel routes within the city to this corridor. These
changes were imposed on the Test B network and had the effect of redressing
the Tosses at global statistic level experienced by Test B over Test A, as
indicated in Table 1. Some diversion did take pltace, but not to the degree
expected.

Iest D

The main component of this test was the introduction of a new bus
routeing strategy which was developed by officers of the Passenger Transport
Executive in consultation with JTU officers. The strategy had two main
objectives., The first was to reduce the number of bus terminii in the
central area, concentrating operations on purpose-built facilities. The

second objective was to route Tnbound and outbound legs of the same service

so that they used a common route.

Global statistics showed a sTight worsening of the operational
efficiency of the network, but it must be remembered that the same trip matrix
was being used for all tests, whereas in practice the availability of different

ccess routes resulting from the extensive change to two-way operation may

‘well have an effect on the distribution of car trip ends. The test did serve

to illustrate, however, that despite this constraint on trip ends, only
minor operational problems at two Jjunctions occurred, so that the basic
premise of change of this nature could be considered feasible and worth

further investigation.

The strategy in Test D was re-run with additional modification,
ntroduced for environmental reasons, to assess in broad terms, the effacts
n ¢capacity of removing road space. Seven road closures were incorporated,
our Tinks converted frem one-way to two-way operation, two links converted
to one-way cperation and one new two-way link added. The reduced road

space resulted in a small increase in travel distance, but the reduction in
travel time resulting from less junction conflict served to offset this

The 1978 peak period 0D matrix and road network, were used to determine

the effect of changing the common cycle time within the central area. The
SATURN network comprises 49 traffic signals operating under a peak period
signal plan derived from TRANSYT with a common cycle of 75 seconds. This is

~short length ¢ycle to accommodate the high pedestrian flows present in

“the central area.

Figure 4 shows the results of a comparison between this cycle length

;-hd those of 90, 105 and 120 seconds, with the 5 performance indicators
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Traffic Management Options - Areawide Statistics

Per formance (1)

A

B

100.0
100.0
100.0-
100.0
100.0

100.0
103.3
100.4

99.8
101.2

106.0
98.3
101.3
102.3
97 .8

100.0
83.2
100.4
104.3
93.4

100.0
163.5
101.2
102 4
95.4

Number Travel Travel | Delayed | Number | Fuel
Measure of trips | Distance | Time Time of Consumed
Index in 0-D | Stops
Test “‘x\\\\\ Matrix
Base 1978 101.3 96.9 94.0 91.2 96.0 9.1
(p.m.)

100.G
101.0
99.9
101.9
99.8
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shown expressed refative to the base cycle (i.e. 75 seconds). The cycle
jengths used here encompass the range of values most cqmm0n1y qsed in

- practice. As can be seen from Figure 4, fuel consumption remains relatively
. unchanged for all cycles tested. As cycle Jength increases there is a

¢ reduction in travel distance and number of stops, and this is offset by

Number | Fuel increases in total delay. These results suggest that, as_traye] times
of Consumed jncrease, rerouting takes place onto more direct routes {in distance terms).
Stops j ‘Although total travel time is some 10 percent higher for a cycle of 120
P '  cpconds compared with the base cycle, fuel consumption is hardly changed
because of a 5 percent reduction in travel distance and a 3 percent
" reduction in the total number of stops. It is difficult to transfer the
9.0 96.1 “yesults to other areas because it is not possible to know whether either the
' attern of demand or the network characteristics make these results applicable
“}p other situations. :
100.0 100.0 o
It should aiso be noted that the various cycle times were tested with
103.5 107.0 “‘unchanged signal times and offsets. The signal timings and offsets used
throughout were those corresponding to a cycle length of 75 seconds, and used |
101.2 9.9 - in the calibration of the model. They were therefore optimised by the TRANSYT ;
i program for that specific cycle Tength and set of flows. Since the demand I
102 .4 101.9 pattern changes with cycle length, i.e. some rerouting takes place, new 4
signal timings would be required. Revised values for the offsets would als i
95.4 99.8 be needed for each cycle time chosen. .

Demand Management Measures

SATURN, being a detailed assignment model, is only able to deal with | i
route choice and is not designed to predict the effects of those policy :
‘options which are ‘designed to influence modal shifts. However it is possible - ‘
to Se the model IO predict changes in 1ink trattic levels that would .
cult from assumed changes in the number of vehicle trips travelling between : L

given zone pairs. In this way it is possible to model the effects of 0D
matrix changes to the traffic flow characteristics, at both the Tocal and

‘areawide levels.

Although specific demand management measures such as car restraint,

king palicies, and public transport fare subsidies cannot be modelled
_ ﬁétfiy, it is possible to evaluate the upper bounds of the TiKeTy benefits
of such policies in terms of their ability to reduce peak period congestion.

Figure 5 shows the results of the analysis carried out on the

nsitivity of the outputs to changes in the overall size of the 0D matrix.

he base used here is the one-hour evering peak OD used in the calibration

SATURN. The entire matrix was factored to + 50 percent of the base, in

0. percent steps, and the results for the corresponding changes in travel
tance, travel time, delay, stops and fuel consumption, are shown here.

' example, if itwere possible to reduce the overall level of tripmaking

¥ 20 percent, uniformly aver the area, the overall fuel consumption would

reduced by approximately 25 percent. The corresponding increase in

1 consumption due to_an increase in the size of the 0D of 20 percent,

U e in the region of 35 percent.
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Clearly such tests serve only to indicate the order of magnitude of
changes to be expected if certain assumptions about achievable reduction
are made. Since it is unlikely that a uniform reduction over the entire
area would be possible by means of demand management measures, it is perhaps
useful to deal at the Tevel of individual zonal movements. For this purpose
two sub-areas were used to determine the sensitivity of the outputs to
changes in total vehicle trip origins in those areas. Origins were factored
because we are dealing with the evening peak-hour matrix with its
predominantly outbound movements from the central area.

The two sub-areas have the following characteristics:

Sub-area A

This Ts made up of 19 zones with a total number of vehicle trip origins
of 2566 pcu/hr in the evening one~hour peak period, representing 8 percent
of total matrix trips. The zones were chosen in consultation with planning
officers in Merseyside and represent those areas where the long-stay car
parking space is mainly under the control of the local authority. They exclude
central area zones where control of price and supply of commuter parking
would be extremely difficult to be applied by the Local Authority because of
the predominance of private non-residential parking.

Sub-area B

This area is made up of the 19 zones of sub-area A and an additional
17 zones in the central area. The total number of vehicle trip origins
associated with these 36 zones is 6333 pecushr, i.e. 19 percent of the total
matrix trips. This sub-area forms a central 'core' area where car restraint
policies such as cordon restraint or a supplementary area licensing scheme,
would be applied, if such measures were under consideration

A number of model rums were undertaken using the calibrated base network
for the SATURN and the 'buffer’ areas, in conjunction with different 0D
matrices to assess the impact of changes in the total number of trip origins
in sub-areas A and B. Table 2 compares the fuel consumption reduction
potential from reductions in vehicle trips from sub-areas A and B.

Table 2 The fuel consumption effect of reducing trip origins
in sub-areas A and B

{ Percentage reduction in

Percentage areawide fuel
. : consymption from
reduction in changes to:
sub-area origins 9 :

sub-area A sub-area B
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The fuel consumption effects obtained in all the tests are based on
the assumption that all trip origins which were constrained would no longer
be made by car, and that any increase in public transport patronage that
might occur as a resuit would not involve additional public transport fuel

consumption.

of magnitude of

able reduction

ver the entire

res, it is perhaps
For this purpose

g outputs to

gins were factored

ith its

If car trips from sub-areas A and B were restrained by parking controls,
for example, then some of those trip-makers might change mode, others might
change destinations {origins) to adjacent unconstrained zones, and others
~might change their parking location. In the case of other car restraint

strategies such as corden pricing during peak periods, terminating traffic
- might be affected in a similar way and in addifion some tripmakers might
decide to travel at other unconstrained times of the day. Through traffic
would also be Tikely to divert around the area thus avoiding the restraint.
SATURN, being essentially a route choice model, cannot provide answers to
modal or destination choice questions.

vehicle trip origin
enting 8 percent
ion with planning -
Tong-stay car
hority. They exclude
mmuter parking
thority because of

The tests just described were undertaken using both the SATURN and
he ‘buffer' area networks. Therefore, the fact that central area trip
2 origins were constrained affected zone-to-zone travel times and hence the
hoice of routes throughout the study area., Restraining trip ends in this
“way may, 1n practice Tead to some diversion of through traffic which was
prev10usTy by-passing the central area, and which may now find more
attractive routes through it. In the case-study being considered, through
“traffic which at present by-passes the central area in its vicinity, a small
~proportion of total movement in the evening peak period, does so mainly via
well established inner ring road to the west of the central area. It is
“unlikely that such through traffic would be induced through a less congested
“gentral area as a result of stringent parking controls for example. Although
“the results of the tests just described were not analysed on a route choice
basis for through movements, the traffic iink flows on the inner ring road
- decreased in accordance with corresponding reductions in central area trip
origins, suggesting that rerouting of through movements would not occur in
ny significant way.

and an additional
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In this section the effects of several traffic management measures,
which may be implmenented in the central area of Liverpool, were assessed
ing the SATURN model. These measures, which have been put forward mainly
to “improve public transport operations and enhance environmental conditions
in ‘the central area, were found to have a very small impact on areawide
fuel consumption, This is in spite of the Tact that some of the measures
involved substantial changes to the circulation patterns within the area.
Therefore it is concluded that, if the pattern of demand is assumed fixed
the short term - a plausible assumption in the case of traffic circulation
Canges - overall fuel consumption impacts are Tikely to be small. However,
tymust be stressed that the measures tested were not specifically designed
.0-either substantially reduce vehicular delay or drastically change
nvironmental conditions within the central area. Although such severe
IBasures would produce higher fuel savings, they are not financially or
olitically feasible.
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Overall fuel consumpticn was also found tec be very insensitive to
changes in the common cycle time used for the operation of traffic signal-
timings, within the range most commonly used in practice. These results
can only be seen as tentative since changes were made to the common cycle
time without adjusting individual signal timings and offsets to optimise
traffic flow conditions under the new cycle time and route choice regime.

Finally, the effect of changes to travel demand patterns were studied
by defining two sub-areas where parking restrictions and private vehicTe
restraint might apply. Although such demand management measures are not
being contemplated by the local authority planners, the latter were consulted
when defining the appropriate sub-areas.

| A full demand modelling exercise would_have invoived the prediction
I of the effeét of any proposed restraint measures on trip generation,

. distribution, modal-split and traffic assignment.” In the present study
only the last of these stages was modelled using SATURN to predict the
effects of assumed changes in the Tevel of tripmaking from those zones
comprising the two sub-areas. This represents a very simplified treatment
of the problem of predicting the impact of car restraint policies on traffic
levels, and hence on fuel consumption. However it gives an indication of
the maximum effect 1ikely by assuming that ali restrained trips would either
not take place at all, or would change mode. Also ignored in this analysis
are the possible Tonger-term effects of these policies - e.g. changes in

the location of employment and homes; loss of attraction of central area as
an employment and shopping centre; and changes to the rate of increase in
car ownership.

It was found that a 20 percent reduction in trip origins within the
parking control area - sub-area A - would result in a 2 percent reduction
in area-wide fuel consumption. The same percentage reduction in demand in
the larger car restraint sub-area wouid produce a reduction in fuel
consumption in the order of 8 percent.

URBAN TRANSPORT MANAGEMENT (UTM} AND FUEL CONSUMPTICN

General
This section reports on the potential energy savings that are likely

to result from UTM measures. The term transport is used in preference to

traffic {e.g. Urban Traffic Management) to reflect a broader range of measures

than are usually associated with traffic management (e.g those measures

which have a direct impact on modal choice decisions such as pubtic transport

fares policy).

Clearly energy conservation is but one of the objectives which a
Tocal authority needs to consider. The degree to which any particular
strategy achieves other objectives and the costs associated with the introducticn
of that strategy are clearly important issues. However their detailed
consideration falls outside the scope cof the present work.

The main aim of the work described here was to assess the energy
consequences of UTM measures using the results of previous studies and the
process outTined below:
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UTM
measure
I

effects on
(step 1)

l

traffic flow characteristics
(e.g. average travel speed and
distance travelled)

N,
effects an ] \J“~«Lf/ 41 (il
t}j}
—

{step 2)

Fuel
Consump-
tion

This process considers only the short-term impact of the measures on

uel consumption.

hich would need t
‘25 well as ease of implementation, cost and o
‘and safety aspects.

ake quantitatively a
‘of measures were being propose
onservation was put forward as a high ranking objective.

It does not represent a comprehensive energy evaluation
o take into account indirect and long-term energy effects
ther impacts such as environmental .
Such comprehensive analysis is very difficult to under- ;
Tthough it would be essential if a measure or package g
d for a specific urban area and energy

rediction and Measurement of Direct Impacts

in fuel

éme1y:

5 that are likely:
preference to

There are two basic approaches to the quantificaticn of energy impacts,

) the use of 'before' and 'after' surveys and

1
2} the use of predictive traffic models to estimate the likely

direct changes in traffic patterns

'Before' and ’after’ surveys

- range of measure
16se measures o
; public transport

sives which a e com

particular :
with the introdic o
iv detailed o

rs
16Ts,
982)

i5 the energy
studies and the

- Tich surveys will usually involve the collection of data on traffic
low' characteristics to be used with the kind of fuel consumption sub-models
iven by equation {1}. Alternatively changes in fuel consumption can be

leasured directly using vehic
ally it would be desirable to use a number of such vehicles representing

Tes instrumented with accurate fuel flow meters

plete range of sizes in the traffic stream, as well as a number of
to represent the range of driver behaviour, aithough this is costly

rtake,

Such 'before' and 'after' surveys using instrumented vehicles avoid

in estimating fuel consumption using traffic data and predictive sub-
As discussed earlier, and recently confirmed by Stimpson and Takasaki

fuel consumption sub-models with average speed as the only
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explanatory variable may produce misleading results in cases where traffic
flow 'smoothness' has been significantly affected without corresponding
changes in overall journey travel time. As stressed by OECD (1981}, the
use of instrumented vehicles in actual traffic is preferable to using
estimating equations whose coefficients may have been determined from standap
driving cycle tests, since such tests take no account of weather conditions;
road network layout, gradients and driver behaviour. However such survey
methods are inappropriate where the impacts of a number of different packages
of UTM measures need to be predicted. In such cases it is necessary to

Fuet Cor

- managein

assess jmpacts prior to implementation using the results of traffic models. | measure
Traffic models can be
The range of such analytical tools available can be briefly summariseq: the fin
as follows: : " the max
- conside
a) Sketch-planning models usually based on aggregate data
and simple demand functions. Such models can be used te assess
major demand management measures with output in a very aggregate
form {e.g. changes in areawide total distance travelled)
b) Macro-level transport demand models dealing with trip
generation, distribution, modal-split and assignment. Such
models can deal with measures which affect demand for a
particular mode (e.g. public transport fares changes) as well
as measures directly affecting choice of route {e.g. road
closures). To the conventional zone based models of this type
more disaggregate models have heen added using the individual
as the unit of analysis (e.g. logit and probit amalysis}). system:
Such models are capable of predicting changes in modal market 'befor
shares that result from changes in the costs and ievel of introd
transport services provided. The output of such macro-level saved
modelling will usually be in terms of travel distance and travel Tevel
time. The simple fuel consumption model given by equation (1), voad f
relating the fuel consumed per unit distance to the average
traffic speed, is well suited to be used in conjunction with .
this type of medel. vehicl
offer
c) Micro~level models of traffic simulation and assignment. in the
These can range from the very detailed traffic flow simulation means
of each vehicle as in the case of the US model NETSIM,
Worrall and Lieberman (1973), where no route choice is modelled. ACKNOY
to more hybrid models incorporating traffic flow simulation and
route choice decisions. The traffic parameter outputs available £l
for use in fuel consumption prediction vary with the level of fgrth
detail being modelled. ?nva1:

Individual vehicle simulation models enable fuel consumption
to be estimated internally from the vehicle velocity profile and
therefore account is taken of acceleration and deceleration rates
(e.g. the NETSIM model}. The models developed in the UK
simulate traffic flow in less detail by considering several
vehicTes as one unit for ease of computatiorn. This is the case
of TRANSYT, Robertson (1969); CONTRAM, Leonard et al (1978} and




ENERGY AND URBAN TRANSPORT MANAGEMENT

.es where traffic SATURN, Hall et al (3980). The only UK model of this type

'corresponding which simulates traffic flow on a vehicle by vehicle basis
CD (1981), the is TRAFFICQ, Logie and Dawson (1979).
ile to using

rmined from standard:
weather conditions, "
wer such survey

" different packages
. necessary to

if traffic models.

ryel Consumption Impacts of UTM Measures

The measures analysed were divided into traffic engineering and demand
management measures and the Tikely national fuel consumption effects of each
measure are summarised in Table 3.

It was found that in most cases only theoretical or gualitative results
can be obtained due to lack of empirical evidence. Therefore the summary of
the findings given here contains qualitative and quantitative estimates of
the maximum 1ikely fuel consumption impacts for each of the measures
considered. The following comments are related to Table 3.

v briefly summarised

| aggregate data
e used to assess
i a very aggredate
ravelled).

(i) Each measure was arbitrarily assumed to be applicable to
one or more of the four urban area categories, i.e. those
with populations greater than 50,000; 100,000; 300,000 and
all areas. {First column.)

w@aling with trip

nment. Such (i1) Quantitative estimates were made of the national impact of

introducing UTC systems; strict speed Timits; supplementary

nd for a
langes) as well area licensing schemes; cordon pricing and strict parking
(e.g. road controls.

Is of this type
the individual

Of the traffic engineering measures discussed, the introduction of UTC
‘systems is likely to result in the highest fuel savings. Using the results of

; analysis). _
n modal market before' and ‘after' surveys conducted in Leeds to evaluate the UTC system
id Tevel of introduced in part of the urban area, it was estimated that that system has

“saved some 7 percent of fuel consumed in the affected area. At the national
Tevel it was estimated that UTC systems could save up to 2 percent of total
“rpad fuel consumption in the UK.

‘h macro-level
stance and travel
by eguation {1},
1 the average
mjunction with

: 0f those measures which are aimed at reducing peak congestion through
vehicle restraint, cordon pricing and supplementary area licensing schemes
“offer the highest potential savings although the scape for their implementation
in the UK is very limited. It was also found that car restraint by physical
‘means is 1ikely to produce negative fuel consumption effects.

m and assignment.
flow simulation -
1 NETSIM, :
wice is modelleds
w simulation and
outputs available
h the level of
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Table 3

tuel consumption impacts Ot UM measures - summary

positive l

Size of urban Time of dav | Haxdmum likely Maximum likeiy fuel consumption Scope for
\ arca likely Likely to traffic impact as a percentage of: :'.mplm_mnr,am;on in
TH . to be affected | be affected | affected (% UK under present
Measure {pop.) tatal urban Conaumption in Total national conditions
area travell affected area road consumption
Intersection All arvas All day Small Up to 20 Small Limited to
Tmprovements selective sites
UTE Svstoms > 50,000 ALl day Up to 50 Vo to 10 Up ta 2 Very good
Ore—vav Systems > 50 ,000 Al day tpto 5 Small, positive Very small Limited te
ar negative selective sites
Spesd Limats All areas All day Up to 20 Up te 30 Up to 3 Very unlikelvy and
{50 im/h Limt) probably unenforce—
able
$us Prioritids ALl areas Pgaks or Very small Small, pogitive Yery small, posi- Limited to
Ald. dav or negatave tive or negative selective sites
Cycleways All areas All dav Very small Small, positive Yerv small, posi-~ Limited ta
tive or negative s¢lective sites
Cordon Restrain:z b 1004000 Peaks Up to 20 Small, negative Very small, Very unlikeiy
negative
Teaffic Cells > 50,000 4ll day Up to 20 Small, pesitave Verv small, posu— Very Limted
| or negative Hve or negative
entary Arca [ > 300,000 Peaks Up to 20 Up to 50 Up te 043 Unlikety
Corden Pricing 300,000 Peaks Up to 2§ Up to 30 Up to (43 Unlikely
Pavicing Gontrols > 80,000 Peaks or Up to 20 Up to § Up to Qu?2 Stricter controls
All day very limited
Cur Peoling > 50 ,000 Peaks ¥Yery small Very small, Very small, limited to
positive positive delective sites
Work gournew > 50 000 Peaks Very small Verv small, Yerv small, Limited to
Resencduling positdve selective Sites J

fPublic Transpert

Incentives .

All arcas

Very small

-positive .

Vary small,

posi

DifficuLt under.
predent eeonomic
ey

OPERRER
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