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SUMMARY 

A simulation model for evaluation of the 
effects of urban transportation strategies on 
vehicle usage has been developed. This computer 
program has been utilized to evaluate transporta- 
tion strategies designed to reduce ambient air 
concentrations of pollutants. The interaction of 
factors such as parking availability, mass transit 
availability, and degree of congestion of roadways, 
are evaluated by a number of simulation runs which 
estimate citizen reaction to various mixes of 
these factors and estimate the degree of change in 
intermodal choice of transit. The range of re- 
sults obtained can be quantified in terms of pol- 
lution levels utilizing standard emission rates 
for vehicles. A feature of the computer system is 
ease of application. Results are only hypothet- 
ical and depend on assumptions that are fed into 
the model structure. However, the user may ob- 
tain a reasonable range of likely results by vary- 
ing the input factors. 

NEED FOR THE MODEL 

At present, many urbanized areas of the 
United States are evaluating the impact of trans- 
portation control alternates to achieve federal 
ambient air quality standards. Such plans are in 
addition to the federal emission control program 
for vehicles and are being considered in areas 
that cannot meet the federal standards even with 
inspection/maintenance systems for vehicles and 
retrofit of control devices. Strategies being 
considered include mass transit improvement, im- 
provement of traffic flow (which reduces pollu- 
tion), reduction of direct vehicle miles traveled 
through various means ranging from gas rationing, 
to highway blockage, to encouragement of car pool- 
ing, and economic incentives such as higher park- 
ing charges and tolls and gasoline taxes. In most 
cases, reaction by the public, which is necessary 
to achieve the aims of these programs, is ex- 
tremely difficult to predict. Most of the tech- 
niques are untried, and effects of the strategies 
are largely unknown. Estimates used by the U. S. 
EPA to evaluate state and other plans submitted to 
them are of necessity inexact. The difficulty in 
predicting the effects of these strategies stems 
not only from the lack of practical experience, 
but also from the great complexity of factors 
which will effect the results. Simulation model- 
ing techniques, such as are used here, can provide 

an estimate of the interaction of the various per- 
tinent factors and supply decision makers with at 
least a range of estimates of likely results. The 
model described herein produces estimates of vehi- 
cle trip reduction, which can then be translated, 
using standard factors, into changes in ambient air 
concentrations of pollutants produced by automobile 
travel. 

CONCEPT OF THE MODEL 

The model performs an evaluation of the inter- 
relationships of factors affecting individual deci- 
sions to utilize transit facilities or their own 
vehicles for transportation, primarily to their 
jobs. The concept of identifying the factors af- 
fecting human response to traffic control stra- 
tegies and quantifying their cross-relationships 
involves many assumptions. In order to minimize 
any unrealistic effects which might result, the 
factors are linked together in computer routines. 
The computer program applies the cross-relation- 
ships on a cyclical basis, re-applying them again 
and again over the assumed passage of time. A 
number of checks are applied, and, if the calcu- 
lated results become unbalanced, an additional 
routine is activated which re-distributes the cal- 
culated intermodal choices. This is continued 
over every cycle, with different routines being 
activated as the calculated results vary. 

The model begins by accepting a set of con- 
stants which represent a "start-up" period, either 
from observed data, or an assumed beginning sit- 
uation. Special factors, such as a highway im- 
provement program, may be programmed to occur at 
various points in the future. Figure i shows a 
schematic of the interrelationships and the 
changes that are set into action as any one of the 
various factors is altered. To simulate these 
interrelationships, the concept of feedback loops 
was utilized and applied in a fashion similar to 
that in the World Model as operated at MIT. 1 The 
various feedback loops interact on each other over 
a number of time cycles with the results of each 
cycle's being retained in the model's memory and 
having an effect on the subsequent cycle. The 
overall result is something like compound interest. 
As interest earned on capital builds up, the in- 
terest rate also applies to past interest earned, 
and after a period, the rate of growth as compared 
to the original amount, becomes very great. In 
the transportation strategies model, since some 
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factors are fixed, or only vary in specific years, 
the relationship between a dynamic factor and a 
fixed factor will vary. For example, as commuter 
trips rise with the number of jobs, an originally 
adequate amount of parking may become insuffi- 
cient. Certain routines in the model only be- 
come operative when such a threshold is passed. 
For example, when the number of vehicle trips ex- 
ceeds parking capacity, a certain percentage of 
the excess is diverted to other transportation 
modes. 

The model consists of four interrelated sub- 
models. Each of the four consists of a mecha- 
nism used to cyclically re-calculate an aspect of 
an urban transportation situation. In each case, 
the sub-model accepts both starting point data 
and rate of change data to enable it to predict 
changes over time. The four models are: 

o City center job model. This model continu- 
ally, on a cycle-by-cycle basis, the number of 
city center jobs which exist and, through a sub- 
routine the number requiring transportation to 
the city center by either automobile or public 
facilities. 

o Transit System Capacity Model. The model 
accepts as input increments of improvement or 
other change to the transit system and computes a 
desirability index for the system as a whole, 
based on a number of factors including the avail- 
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able capacity versus estimated usage and the age 
of the equipment or other facilities. 

o Parking Capacity Model. This model com- 
putes an index of parking congestion based on 
available parking capacity as incremented by plan- 
ned additions or subtractions. The effect of 
parking rate changes is factored in, based on 
capacity adjustments. 

o Roadway network model. A roadway conges- 
tion index is calculated based on the preceding 
volume of vehicular traffic combined with any 
additions or subtractions to roadway capacity 
based on construction or other modifications. 

The four sub-models interact on a cycle-by- 
cycle basis, in that the results of each model are 
compared with the results of the others and the in- 
formation is fed back to be used in the calculation 
of traffic volumes and various other indices. 

When the model begins operation, it accepts a 
number of factors which are fixed for the first 
year's time, and computes a number of trial volumes 
based on the interrelationships. The most important 
of these is the split between public transit and 
private vehicles. As a result of these trial vol- 
umes, desirability, congestion, and other indices 
are calculated and the volumes readjusted to produce 
final volume for the first cycle. The model then 
makes the appropriate adjustments for the second 
time cycle, and proceeds through the process again, 
but this time starts with the computed volumes and 
continues to make readjustments. The adjustments 
usually produce a smooth trend unless the modifi- 
cation introduced by the operator of the model 
contain a dramatic alteration at one point in time, 
such as the introduction of a new highway or tran- 
sit system. In this case, the results would under- 
go a more dramatic modification. 

The model is started with a set number of 
constants given specific quantity and proceeds to 
alter these based on the interaction between them 
and secular changes such as population increase. 
Fixed factors at the beginning include road net- 
work capacity, parking capacity, availability of 
transit, and desirability of non-automotive transit. 
The estimated travel is divided among the available 
options and compared with capacities of various re- 
sources. Also input to the model are a number of 
"preference ratios" for use in the computations 
where numbers of trips must be divided between 
modes. These modal choices are continually re- 
allocated, based on the timing cycle. In actual 
application, a number of runs for each simulation 
are usually made with the preference ratios being 
varied over an appropriate range to produce a com- 
parable range of results indicating the likely 
limits within which vehicle trip reductions can be 
achieved. 

A one-year time cycle was chosen to allow 
interaction between the various factors. Future 
work may require a shorter interval as experience 
has proved that results that are desired generally 
are only a few years into the future. This situa- 
tion means that only a few cycles will have been 
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computed by the time the most useful results are 
produced. The model is most effective after a sub- 
stantial number of cycles have been allowed to in- 
teract with each other. The system was calibrated 
by producing reasonable sets of input factors and 
then allowing the computations to interact and 
analyzing the results on the basis of past experi- 
ence. A number of adjustments were made in this 
way. 

USE OF THE MODEL ON THE IBM 1130 

The model was programmed, run and calibrated 
on an IBM 1130 computer with 16K memory. It was 
decided to write the simulation program from 
scratch rather than use one of the canned lan- 
guages because the basic relationships were rela- 
tively simple and would change frequently as the 
model was calibrated and different strategies 
were simulated. Adjustments were introduced by 
means of changing a few instructions and the 
data was rerun within an interval as short as a 
half hour. This would not have been possible 
using a general simulation system operating on a 
larger sized computer with generally slower turn- 
around. 

Figure 2 shows the actual running of the 
model, in schematic form. Memory requirements 
were well within the capacity of the computer, 
and similar program could be run on any 1130 or 
comparable machine. Execution time was brief, 
averaging only 2-3 minutes for run spanning a 
real time period of a decade. 

General use of the model is shown schemat- 
ically in Figure 3. To operate the model for a 
specific simulation, a number of steps are re- 
quired. Factors such as highway capacity, transit 
capacity, and number of city center jobs, are 
introduced via control card input to the comput- 
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er. These numbers must be developed from available 
data regarding the city in question. Procedures 
here will vary based on the data that can be lo- 
cated within an acceptable time frame. These fac- 
tors can be considered to describe the environment 
as it exists today. Having developed these num- 
bers, the investigator will then perform a base- 
line run using the built-in preference ratios and 
other parameters in the model. This run is then 
compared with the existing situation, for example, 
in degree of traffic congestion and amount of 
transit ridership. If necessary, revisions are 
made to the control card numbers or to start up 
preference ratios imbedded in the model in order 
to reflect real-world conditions. A re-run is 
then made if required and repeated until the in- 
vestigator is satisfied that he has a reasonable 
working model of the city in question. 

At this point, the investigator must determine 
the transportation control strategies that he wish- 
es to simulate. He may determine these by exter- 
nal factors, or he may wish to try a number of 
different strategies based on his own investi- 
gations. Depending on the nature of the strat- 
egies, he may make adjustments to the initial con- 
stants being fed the run, adjust the preference 
ratios, or introduce specific programming to apply 
changes at specific future increments in time. He 
will then make whatever computer runs are needed 
to produce predictions of vehicular travel reduc- 
tion. 

If modification of the preference ratios im- 
bedded in the program, was a significant part of 
simulation of the strategy, he may want to make 
minor variations of these to get a feel for the 
sensitivity of the model for this particular pre- 
diction. For example, improvement in the transit 
network in areas designed to appeal to riders 
(such as increased scheduling frequencies) would 
be reflected in modification of both transit ca- 
pacity and preference ratio for cars versus transit. 
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Transportation Strategies SimulatlonModel 

Addition of BUS Lane Strategy to Prior Strategies 

The capacity change would be introduced in a 
straightforward fashion by simply modifying that 
number in the input cards. The change 
of the preference ratio, however, would involve 
the application of the investigator's Judgment to 
attempt to identify the degree to which the desir- 
ability of using the public transit network was 
enhanced. This procedure is inherently inaccu- 
rate, and as a result the investigator would 
probably try several runs using different varia- 
tions in the ratio, and perhaps present a range 
of results. 

RESULTS OF THE SIMULATION MODEL 

The model has been applied to evaluate vari- 
ous transportation control strategies for two 
medium-sized cities in the Northeast under spon- 
sorship of the Environmental Protection Agency. 
This application was particularly appropriate as 
the time fram available to develop real data was 
limited. Many of the constant input factors which 
were set up at the beginning of each model run had 
to be estimated from handbooks rather than pro- 
duced from actual measurement or by review of ex- 
isting data from sources in the cities themselves. 
In a simulation of this type, absolute values for 
the first cycle are not necessarily required as 
long as the various factors are in approximate 

balance. The range of results produced should be 
expressed in terms of percentages or other relative 
characteristics rather than absolute numbers. This 
is probably true even when starting positions of 
the various factors are known with certainty since 
this technique is necessarily rather inexact. Re- 
sults of the simulation modeling were produced in 
the format shown in Figure 4. Early runs in the 
project produced results indicating only minor re- 
duction in automobile travel. Therefore, as the 
project proceeded, various strategies were combined 
and the factors were adjusted to show highest ex- 
pected reductions, as recommendations not to imple- 
ment strategies would need to be supported by a 
statement of maxium achievable results. In this 
application, the simulations tended to indicate that 
most strategies produced only minor reductions in 
vehicle travel due to the interaction of the various 
factors discussed. 

Validation of the model consisted of comparing 
results of the run with similar applications of 
transportation control strategy that have been car- 
ried out in other areas. Forexample, effects on 
transit ridership due to the establishment of a bus- 
only lane were reviewed and compared with run re- 
sults. The comparison showed a similar percentage 
increase in transit ridership. Of somewhat more 
importance, the imposition of various traffic con- 
trol strategies and their effect on total vehicular 
traffic was analyzed. Model runs versus actual re- 
sults indicated a tendency of the model to over- 
predict reductions. Detailed statistical analysis 
has not been possible due to the small number of 
instances in which appropriate strategies have been 
applied as of this time. It can be said, however, 
that the percentage reductions predicted by the 
model appear in the same range as those observed in 
other situations, indicating the soundness of the 
basic approach. At this stage, the computer model 
is capable of producing gross estimates of the ef- 
fect of a single strategy or combinations of strat- 
egies. 

It is important to be aware, in using a simu- 
lation such as this, that manipulation of the var- 
ious ratios and input factors can have a substan- 
tial effect on the results. Therefore, both con- 
firmation from other sources and a series of runs 
with variation in the input are needed. When such 
comparisons were made, the reductions, although 
small, were still greater than those observed in 
real-life situations, perhaps due to adjustments 
that were made in the preference ratios. Another 
factor which may be at work, and which is an im- 
portant element in any evaluation of transportation 
control strategies, is that of induced traffic; 
that is, any reduction in congestion may create 
additional traffic as the desirability of this 
mode is improved. For example, a strategy that 
successfully increases the use of car pooling may 
not necessarily reduce the number of automobiles on 
the highway as additional traffic may be induced by 
the improved traffic situation. Introduction of 
such a latent demand factor into the model is plan- 
ned for the future. 

Figure 5 shows the baseline run developed in 
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this series, and Figures 6 through 12 show the key 
results runs. The single most important number 
is the "calculated vehicles." Figure 12 is the 
only run showing a large reduction. Later extra- 
polation to air pollutant concentration reductions 
indicated only a minor effect, due to the pre- 
ponderance of other (non-vehicular) sources in 
these instances. 

In analyzing the output from the simulation 
model, it is necessary to review the numbers 
which are included in the printout. Figure 5 
represents the baseline run for the model. The 
number of city jobs shown in the left most column 
is started at a figure obtained from local hand- 
books and then modified based on job population 
trends which have been predicted. As each yearly 
cycle is completed, (years are shown in the right- 
most column) the new number of jobs is re-computed 
and used in further calculations. Road capacity 
is given as fixed and is initially based on 
traffic counts and other data which may be avail- 
able to the investigator. Only major improvements 
create modifications in the actual capacity of the 
roadway network. 

Calculated Vehicles is the estimated number 
of vehicles on the highway at the end of each 
cycle. It is calculated for one direction of the 
rush hour, and represents the sum of the various 
sub-model interaction. A good check on model 
operation is to compare the calculated number 
with the observed date for the current year. 

Congestion Factor is a simple ratio of cal- 
culated vehicles to road capacity and is only 
printed to give empirical representation of the 
degree of highway congestion. 

Parking Spaces are handled in much the same 
way as the road capacity, being entered as a 
constant, and only modified based on adjustments 
which are introduced by the program in a future 
time frame to reflect a certain strategy or major 
construction. 

Transit Capacity represents the estimated 
ability of public transportation systems to 
handle one-way rush hour trips as its present 
level. Initial model runs introduced a time 
factor as the equipment became older to reduce 
capacity. However, this routing was eliminated 
as ridership data which were analyzed showed no 
relationship to age of equipment. 

Transit Riders is a corollary of the calcu- 
lated vehicles result. The number of persons to 
be transported is divided between the public 
transportation system and the private vehicle 
sector based on the interaction of the sub-models, 
the preference ratios, and other routines. Nor- 
mally, the model uses a constant for the number 
of riders per private vehicle. However, in some 
cases this has been varied to reflect transporta- 
tion control strategies which encourage car pool- 
ing or only provide parking to vehicles carrying 
a number of riders. 

Analyzing results of a number of runs for a 
real city has produced the results shown in 
Figures 4 through 12. Figure 5 shows the base- 

line run used both as a check-out of the model, and 
to predict results which might occur if no changes 
are introduced. Subsequent runs indicate the ad- 
dition of various transportation control strategies 
to the model calculations. In general, various 
combinations of strategies produced vehicle traffic 
reductions by 1980 of 20% or less. The one exce p- 
tion which produced reductions of close to 50% was 
based on a parking sticker strategy. This strategy 
limited the number of cars which were allowed to 
park in the city center area by direct means, as 
opposed to indirect strategies such as improving 
public transit, adding outlying parking and limiting 
the number of available parking spaces indirectly. 
Of particular interest are Figures 7 and 8, which 
are identical runs (no on-street parking strategy) 
with the preference ratios varied to give an esti- 
mate of the model sensitivity in this area. Final 
results in 1980 varied by about 4% for calculated 
vehicles, but by about 15% for transit ridership. 
This is a fairly large difference considering the 
relatively small range of variations which are 
predicted from most modelruns. However, the pre- 
ference ratios were considerably modified for these 
two simulations. Further analysis is being perfor- 
med to improve the operation of the model in the 
area of these preference ratios. 

CONCLUSION 

The urban transportation strategies model can 
provide an important assist to the evaluation of 
proposed control strategies in urban areas. It is 
particularly helpful in providing a range of ex- 
pected realistic reductions in vehicle transit. 
Use of the model does not replace the application 
of judgment, however, since results are highly 
dependent on the way the problem is structured for 
the model and indeed can be adjusted to produce any 
result by the designer. The real value of the 
technique lles in its ability to permit the setting 
up of the interrelationships between the transport- 
ation-oriented parameters and viewing interaction 
between them over a number of time cycles and 
through a number of variations in the preference 
ratios built into the program. 
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Figure 5 

Transportation Strategies Simulation Model 
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Figure 6 

T r a n s p o r t a t i o n  S t r a t e g i e s  S imula t ion  Model 
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Transportation Strategies Simulation Model 
No On-Street Parking Strategy - Variation A 
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URBAN TRANSPORTATION . . .  C o n t i n u e d  

Figure 8 

Transportation Strategies Simulation Model 
No On-Street Parking Strategy - Variation B 
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Figure 9 

. T r a n s p o r t a t i o n  S t r a t e g i e s  S i m u l a t i o n  Model  
Improved Mass Transit, Plus No On-Street Parking 
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Figure I0 

Transportation Strategies Simulation Model 
A d d i t i o n  of  Bus Lane S t r a t e g y  to Pr.ior.  S t r a t e g i e s  
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FigUre ii 

Transportation Strategies Simulation Model 
Addition of Outlying Parking Facilities to Prior Strategies 
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URBAN TRANSPORTATION ... Continued 

Figure 12 

Transportation Strategies Simulation Model 

Addition of Parking Sticker Strategy to Prior Strategies 
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