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Abstract


Transport planning involves the use of computer models as a tool for predicting the effects of real life changes to a traffic network. However, relatively little work seems to be done on comparing the results of such models, and thus questioning their relative reliability.





This paper attempts to address this by comparing four different simulation models considering results on representations of the same road network.  The models used are the well-known models SATURN and CONTRAM, the STEER model developed at the University of York and the Path Flow Estimator model developed at the University of Newcastle.  These models represent a spectrum of simulation modelling.  STEER is a dynamic micro-simulation model whereas Path Flow Estimator is a static macro-simulation designed to run in real time.





Initial results obtained as part of the AIUTO project show that STEER, SATURN and PFE when simulating a real-life scheme, implemented on the York Network, produce results which, while broadly in agreement, differed considerably in the details.  This paper will take this work further and answer the following questions:





To what extent can the results of the four models studied be said to be in agreement?


Are there any consistent levels of spatial aggregation where the models can be said to agree?


Do different models respond differently to increased demand?


When a transport planner asks questions of a model how much does the answer given depend on the model used?


How well do the results of the modelling done agree with real life in each of the models?


How clearly can the differences be attributed to, or explained by, the different principles underlying the models?





 Introduction


This paper is based upon work done for the European Union project AIUTO and reported in deliverables 5 and 6 of that project [1][2].  As part of the AIUTO work, three of the models used in this paper (SATURN[3], STEER[4] and Path Flow Estimator[5]) were used in addition to the detailed micro-simulation model DRACULA[6] developed at the University of Leeds to investigate traffic demand management policies on a model of the city of York.  While the models showed broad agreement for many of the scenarios considered, there were some puzzling discrepancies in the results.  Specifically, it seemed that some models were predicting different levels of congestion and in some cases disagreed on which schemes performed better at reducing travel time.  





This paper investigates to what extent models can be said to be “the same” running simple but realistic tests on a city network model.  The tests done (simple alterations to demand and saturation flow) were chosen to be large-scale tests which affect a great deal of the network in order that the results would be as general as possible.  The aim in doing these tests has been to investigate the type of problems which might arise when simulation models are used for realistic assessment and planning.





models used


The four models used in this study were SATURN, CONTRAM, STEER and Path Flow Estimator.  The SATURN program [3] is a well-known urban traffic simulation developed at the University of Leeds.  While the program is essentially macroscopic, it attempts to use the concept of cyclic flow profiles to add some microscopic detail.  Cyclic flow profiles attempt to estimate a periodic arrival profile and use this to adjust the delay functions at give-ways and signalised junctions.  These flow-profiles also mean that signal co-ordination is accounted for to some extent by SATURN.  Although this is only realistically possible where signal cycle times have a low least common multiple (otherwise the flow profiles cannot be mapped onto each other).





On the assignment side, SATURN is described as “semi-dynamic”.  It is basically a static model which can pass left over queues from over-capacity links on to a following time slice which has a different demand.  In the tests done in this paper, however, for simplicity, SATURN is run in its normal “static” mode.  That is to say, it is given one origin-demand matrix which applies for the duration of the modelling period.  SATURN has four basic junction types: signalised, give-way, uncontrolled and roundabout.





The STEER [4] model (Signal/Traffic Emulation with Event-based Responsiveness) was developed at the University of York.  The model is a dynamic micro-simulation model.  Essentially, the model keeps travel along a link as simple, making the assumption that the majority of delay occurs at link exits.  STEER has three junction types: signalised, give-way and uncontrolled.  The STEER model makes the following assumptions about how vehicles move:  Vehicles travel along links at a “free flow velocity” which is defined for each link;  at the end of each link, the vehicles join a queue; if not blocked, vehicles discharge from the queue at the saturation flow rate; vehicles will be prevented from leaving a give-way junction if they cannot find an appropriately long “gap” in the traffic (the length of the required “gap” is defined in the data file); vehicles will be prevented from leaving a signalised junction if the signals are red for their approach to the junction.





The STEER model uses dynamic assignments and attempts to route vehicles to a deterministic user equilibrium.  For the purposes of this paper, the model is given a demand level for each origin-destination pair for the duration of the simulation period.  The program converts this demand level into individual cars which depart at random intervals spread throughout the simulation period.





The Path Flow Estimator (PFE) [5] is a Stochastic User Equilibrium (SUE)  macroscopic traffic assignment model. It estimates expected values of path flows and travel times, as well as link flows and travel times in congested networks with a fixed demand matrix. The assignment side of the PFE is governed by the logit route choice model while the supply side is modelled by monotonic link cost functions . The interplay between assignment of demand and supply leads to one unique stable solution, to be interpreted as the expected value of a stochastic user equilibrium. Being an equilibrium model the PFE is essentially steady state, although flows on links are allowed to be over capacity, resulting in the formation of temporary queues that are to be discharged in subsequent simulation time periods: therefore the proportion of flow held in queues is not counted on the links downstream of the queues, which means that all trips are not completed within the study period.





The link-based network representation used in PFE is similar to CONTRAM’s. As in CONTRAM links are classified into three categories: uncontrolled, give-way and signalised links. Link delays are calculated by applying a monotonic cost function that gives delay on a link as a function of the link flow and the link capacity. The cost function is that given by Kimber and Hollis [7]. For signalised link the capacity is the given saturation flow multiplied by the ratio of green time over cycle time. As for give-way links the capacity is estimated by reducing the saturation flow with each conflicting flows multiplied by an appropriate factor known as slope (this will be described more fully under “Data Conversion” issues in the next section).





CONTRAM [6] is a macroscopic dynamic model developed by the Transport Road Research Laboratory.  The model uses Kimber and Hollis [7] delay to calculate queues at junctions which, in turn, are used to calculate delays.  Give-way junctions are dealt with using the “slope” approach as in PFE.  For the purposes of this paper, the CONTRAM model is assumed to have a constant demand for a one hour simulation period and a following period of an hour with no demand to allow the traffic to clear.  As with STEER and PFE, the CONTRAM model uses three junction types: uncontrolled, signalised and give-way.





DATA conversion


Since the models all have different data formats, data conversion was a problem.  For example, while SATURN uses a node-based representation, the other three models use a link based format.  The issue of data conversion is quite a vexed one and can only be given cursory coverage here.  Some idea of the problems can be gained by considering two important translation issues: roundabouts and give-way junctions.





The SATURN model has a junction type “roundabout” which is lacking in the other three models.  This had to be worked around by modelling a roundabout as a series of connected give-way junctions with short connecting roads.





Give-way junction modelling was, in itself a problem.  Two of the models, STEER and SATURN use the concept of “gap” to model a give-way.  For each opposing link, a “gap” in seconds is defined.  A vehicle which wishes to exit the opposed link must have a clear road space of this length in order to be able to exit the link.  STEER, being a micro-simulation can explicitly model this “gap” whereas SATURN, uses some simplifying assumptions and knowledge of the approximate “flow profile” (a measure of how arriving vehicles are dispersed in time) to calculate the effect of this gap on junction capacity.





CONTRAM and Path Flow Estimator, use the concept of “slope” which is defined by the following equation:


C = S - q1f1 -q2f2 …. -qnfn





where C is the capacity of the opposed link, S is the saturation flow of the opposed link, qn is the slope of the nth opposing link and fn is the flow on the nth opposing link.  It is by no means obvious how to move between the concept of “gap” and the concept of “slope” – in fact, it is clear that there is no “correct” way to do so which will produce consistent answers since the capacity calculated using “gap” depends on the distribution of the flow as well as its absolute magnitude.  For the purposes of this paper, a sensible default value of “slope” was used (0.25) although it is acknowledged that this approach is unsatisfactory and the translation of networks needs to be improved in this area.





Scenarios tested


The models were all run on the York network which is a calibrated SATURN model provided to the authors by York City Council.  It is traditional to describe the size of a model in terms of junctions, links and vehicles.  It is perhaps a measure of the difficulty of the translation task facing model users wishing to translate between network representation that the models used all give different results for two of these three numbers (the number of vehicles remains constant) due to the factors mentioned in the previous section.  In the SATURN model, which was the base for all the translations, there are 1293 links, 732 junctions and 33852 vehicles.





Two different scenarios were modelled in all four models.  These were deliberately kept as simple as possible in order that comparisons made between models were as generally applicable as possible.  One scenario involved simply changing the demand.  The four models were tried with 80, 90, 100, 110 and 120 percent of the base demand.  The second scenario was almost as simple.  A cordon was created around the east quarter of the city.  All saturation flows within this cordon were multiplied by 80, 90, 100, 110 and 120 percent.





The models were compared by travel time and by flow on each link.  “Roundabout” links were removed from the analysis since only one of the models actually had a “roundabout” junction type and therefore, what was one link in the SATURN model, representing movement to or from a roundabout, had become several links in the other models representing the roundabout as a series of give-way junctions (the travel time for roundabouts is, of course, still included in the “total travel time” figure).





For analysis purposes, the links were separated into signalised, give-way and uncontrolled.  Since one of the issues which we considered as a major difference between models was the way that they dealt with over-capacity links, a separate category was created for links downstream of over-capacity links.  (To compare links, each model must be looking at the same links, SATURN was chosen as the base to define which links were over-capacity).





A final test was to look at groups of consecutive links.  It was felt that it might be the case that a result from a model could be made less model dependant if the unit looked at was a group of links rather than a single link.  To test this theory, a list of one thousand single links was randomly generated, followed by a list of one thousand randomly chosen routes of five consecutive links and one thousand randomly chosen routes of ten consecutive links.  The travel times and flows on these routes were then calculated.  It was hoped that if consistency between models was low then this could be increased by aggregating links.





One of the major statistical tools used in the analysis of the results is the “correlation coefficient” between two sets of data x and y which is defined as follows:


� EMBED Equation.2  ���


where� EMBED Equation.2  ���is the mean value of xy, (x is the standard deviation of x and (y is the standard deviation of y.  The correlation coefficient is a number between -1 and 1 with 1 representing perfect correlation (that is to say, the data set x can be transformed to the data set y by multiplying each element by the same positive number) between the data sets, 0 representing no correlation and -1 representing a perfect negative correlation.





Results


�
Category�
STEER�
PFE�
CONTRAM�
�
SATURN�
All Links�
0.934�
0.931�
0.916�
�
�
Uncontrolled�
0.967�
0.967�
0.981�
�
�
Give-way�
0.922�
0.916�
0.900�
�
�
Signalised�
0.917�
0.925�
0.898�
�
�
Over-capacity�
0.889�
0.723�
0.720�
�
CONTRAM�
All Links�
0.907�
0.972�
�
�
Uncontrolled�
0.980�
0.990�
�
�
Give-way�
0.890�
0.969�
�
�
Signalised�
0.876�
0.964�
�
�
Over-capacity�
0.629�
0.966�
�
PFE�
All Links�
0.926�
�
�
Uncontrolled�
0.990�
�
�
Give-way�
0.907�
�
�
Signalised�
0.910�
�
�
Over-capacity�
0.654�
�
Table � SEQ Table \* ARABIC �1�: Correlation Coefficient for link flows between models on the base network


�
Category�
STEER�
PFE�
CONTRAM�
�
SATURN�
All Links�
0.719�
0.726�
0.712�
�
�
Uncontrolled�
0.99995�
0.99953�
0.99999�
�
�
Give-way�
0.556�
0.579�
0.590�
�
�
Signalised�
0.895�
0.771�
0.764�
�
�
Over-capacity�
0.672�
0.660�
0.715�
�
CONTRAM�
All Links�
0.618�
0.899�
�
�
Uncontrolled�
0.99995�
0.99953�
�
�
Give-way�
0.538�
0.991�
�
�
Signalised�
0.608�
0.827�
�
�
Over-capacity�
0.710�
0.847�
�
PFE�
All Links�
0.690�
�
�
Uncontrolled�
0.99971�
�
�
Give-way�
0.521�
�
�
Signalised�
0.784�
�
�
Over-capacity�
0.835�
�
Table � SEQ Table \* ARABIC �2�: Correlation coefficient for link travel times between models on the base network


�
Category�
STEER�
PFE�
CONTRAM�
�
SATURN�
1 link�
.93�
.92�
.91�
�
�
5 links�
.91�
.91�
.89�
�
�
10 links�
.94�
.93�
.91�
�
CONTRAM�
1 link�
.90�
.97�
�
�
5 links�
.85�
.96�
�
�
10 links�
.86�
.96�
�
PFE�
1 link�
.92�
�
�
5 links�
.88�
�
�
10 links�
.91�
�
Table � SEQ Table \* ARABIC �3�: Flow correlation by model pair for link groups (1000 groups of one link, 1000 routes of 5 consecutive links and 1000 routes of 10 consecutive links).





�
Category�
STEER�
PFE�
CONTRAM�
�
SATURN�
1 link�
.75�
.76�
.74�
�
�
5 links�
.72�
.71�
.74�
�
�
10 links�
.69�
.71�
.76�
�
CONTRAM�
1 link�
.60�
.87�
�
�
5 links�
.66�
.96�
�
�
10 links�
.68�
.93�
�
PFE�
1 link�
.68�
�
�
5 links�
.64�
�
�
10 links�
.68�
�
Table � SEQ Table \* ARABIC �4�: Travel Time correlation by model pair for link groups


Discussion of results


Inspection of the total travel time graph (figure 1) shows some interesting features.  Firstly, it is obvious that the four models disagree about the base level travel time on the network.  In some cases, the travel time divergence is quite severe.  It would be hoped that a transport planner who found such a disparity in results would re-calibrate one or other of the models involved.  However, it was felt that in this case, as our aim was to compare the models, it was more reasonable to keep the model inputs as close as possible.  A second, obvious feature is that not all models show the same response to increased demand.  It could be argued that this is partially a result of the fact that the different models are showing different travel times and are therefore modelling different levels of congestion.  However, if we compare the STEER model results and the SATURN model results, we can see that, whereas the two models start out with comparable travel times, the SATURN model increases travel time much more quickly in response to increasing demand.  The implications for planners modelling long term shifts in demand are obvious.  If a ten percent increase in traffic is forecast, then models will disagree on what this will mean for congestion and pollution.  





The saturation flow graph (figure 2) again shows that the models have a different base travel time within the cordon and also have a different response to changes in saturation flow.  The STEER model has an almost linear response to saturation flow whereas SATURN curves sharply.  It is hard to know how much of the response is due to vehicles rerouting into the cordon area.  PFE and CONTRAM again show a lower travel time and are not as sensitive to saturation flow as the SATURN model.





Considering tables one and two, perhaps the most obvious feature is that, generally, the flows are much better correlated than the travel times.  The exception is the travel times on uncontrolled links which, by their very nature, are obviously extremely similar in predicted travel times (since uncontrolled links never have any delay).  The reason for this greater variability in travel times is perhaps connected with the fact that flows on the network must total to the same demand in all models whereas travel times operate under no constraints.  The fact that travel time seems to be much more model dependant is interesting and perhaps has implications for the fact that models are traditionally calibrated using flow data more than travel time data (since flow data is easier to obtain).





Between models, the major difference in flows is on the links downstream from over-capacity links.  This is not surprising since these links were chosen for the fact that models treated them differently with respect to flow.  In their treatment of over-capacity junctions, the models can be loosely grouped into two pairs.  CONTRAM and PFE agree very well (correlation coefficient of 0.966).  This is perhaps slightly surprising since CONTRAM is supposed to pass over-capacity queues on to a subsequent time slices which PFE has not done.  SATURN and STEER also agree relatively well (correlation coefficient of 0.889).  SATURN drops flow from downstream over-capacity links for the purposes of travel time calculation but still counts this as flow on the link (strictly speaking it counts the number of vehicles assigned to use the link as “demand flow” and the number of vehicles actually simulated as using the link as “actual flow”.  We have used “demand flow” throughout).  STEER, being a micro-simulation, has the easiest time dealing with over-capacity junctions since it simply continues to simulate until all vehicles have left the network.  However, this also may give unrealistic results.  In the tests we assumed that no more demand was put on the network after the peak-hour.  This will give much lower travel times for vehicles which complete their journey as the network is emptying.





This issue of over-capacity junction discrepancies may seem a trivial one, especially when networks often have an extremely low number of over-capacity junctions (the York rush-hour only had fifteen such junctions).  However, it is often exactly these junctions which a planner wishes to concentrate on improving.  The fact that the models disagree severely over estimates of flow and travel time on the over-capacity junctions indicates that some care is needed when modelling these situations.  Indeed, it is the experience of the authors that anomalies related to over-capacity queuing can, under certain circumstances, cause a model to give very strange results (for example, reducing a model’s estimate of congestion by causing extra delay at over-capacity junctions causing more traffic to drop from the network at junctions downstream).





When comparing models overall, it can be seen that CONTRAM and PFE are the only two models which agree strongly on both flows and travel times.  Their most significant disagreement is on signalised junctions where CONTRAM attempts to account for signal offsets which PFE does not.  It is perhaps surprising that the STEER and SATURN models do not get better agreement on give-way junctions since they both use the concept of gap and SATURN attempts to account for the irregularity of the flow using the “cyclic flow profiles” concept while STEER explicitly simulates the give-way junctions at a microscopic level.  One explanation is almost certainly the fact that the SATURN model looks at turns rather than links which enables it to have more subtlety when it chooses which drivers actually do “oppose” a driver at a give-way.  





Figures 3-6 are a representative sample of the scatter plots comparing travel times and flows between models for all the links. Figure 3 compares the flows of CONTRAM and SATURN, showing a reasonable agreement between these two models.  In general, the link flows are in closer agreement than the link travel times.  It is also to be noted that the link travel time graphs are plotted using logarithmic scales since the majority of points would otherwise be extremely closely grouped.





Figure 4 shows a scatter plot of average link travel time in STEER and SATURN.  As can be seen, there are a number of links which form a line of agreement, but there are also a considerable number of links where the two models disagree considerably.  These tend to be in the upper right quadrant of the graph, indicating that STEER and SATURN are mainly disagreeing on links with a higher travel time.





Figure 5 shows a scatter plot of average link travel time in CONTRAM and PFE.  As can be seen, the models have extremely close agreement.  The higher travel time for PFE which is noticeable for lower values of travel time is a result of the addition of a small random delay term in the Kimber and Hollis cost-flow function.  The vertical striations on the left hand side of the graph are caused by the fact that CONTRAM only resolves travel time to the nearest second as opposed to the other models which calculate travel times to the tenth of a second.





Figure 6 shows link travel time in STEER and PFE.  Again it can be seen that PFE predicts slightly higher travel times for the links in the lower left quadrant as a result of the SUE modelling.  A feature of this graph is the large number of points in the upper left quadrant.  This can be seen plotting SATURN or STEER against PFE or CONTRAM.  It seems that SATURN and STEER both predict much higher travel times on certain links.  Looking at figure 1 it can be seen that SATURN and STEER also have a higher overall travel time.  It would seem therefore that this is a result of high travel times on a relatively small number of links.  This is perhaps a result of the fact that these two models are more microscopic.  PFE and CONTRAM are entirely macroscopic and would tend to smear out differences between links whereas STEER is microscopic and SATURN uses cyclic flow profiles to add some microscopic details.





Tables 3 and 4 show the correlation between models for routes of different lengths.  These results were, in some ways, disappointing as at least one of the authors expected that some of the disagreement between models could be removed by taking aggregates of link groups instead of single link results.  This result shows that the travel time and flow for a route of 10 links is just as dependant on the model chosen as the travel time and flow on a single link.  These results were found to be only loosely repeatable with different groups of a thousand links producing differences in the second decimal place.  





conclusions


The first, and perhaps most important, conclusion of this study is that a representative group of current simulation models disagree about a network’s response to both demand and saturation flow.  The implications for the use of such models in long term planning are severe.  If the models do not agree on what the results of a ten percent increase in demand will be, then how can the models be used to assess a reasonable response to increased network demand?





The main areas of disagreement between models, seemed to be on give-way junctions and over-capacity junctions.  The give-way issue was, at least in part, an issue of data translation between models and it is accepted that further work is needed to bring the models closer together on this issue.  The issue of modelling over-capacity junctions is, however, quite an important one.  The models seemed to have significant disagreement on these junctions which are likely to be the very junctions that a network manager would spend most time and attention on improving.





It had been hoped that some of the disagreement between models could be removed by taking travel times along a group of links rather than on just a single link.  However, this appears not to be the case and it would seem from these results that the travel time along a route is just as model dependant as the travel time on a single link.





In our study the two most “macroscopic” models, PFE and CONTRAM seemed to have an extremely good agreement, while the more detailed models, STEER and SATURN, produced much higher travel times on a minority of links.  It could be the case that the more detailed models are more likely to produce “extreme” results for travel time.  More investigation will take place into this result.





Finally, our results show that flow levels are a lot less model dependant than travel times.  This suggests that it may be more sensible when creating a network model of a city to calibrate the model using travel times instead of travel flows.
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