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estimates should be undertaken. 
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Transportation Regulations in an Urban 
Economy: A Dynamic Model of Their 
Impacts 
William H. Crowell and Arnold J. Bloch 

An effort to assess the various economic impacts of vehicle restrictions 
and transit incentives in an urban setting by using a dynamic, interactive 
simulation model is discussed. The Manhattan central business district 
(CBD) serves as a focus for the modeling effort. The transportation ac
tions studied are strategies proposed for the local transportation control 
plan, as required for New York City and most urban areas under the Clean 
Air Act of 1970. Changes to the CBD business sector (volume of busi 
ness and employment), the transportation sector (vehicle volumes and 
mode splits), and the residential sector are studied. The model, which 
uses the Dynamo structure, is dependent on ·.key simplifying assumptions 
joined in a feedback relationship in such a way that the effects on one 
sector influence changes in another. The model finds that the traffic
reduction strategies accomplish their goals only at the expense of eco
nomic well-being and that transit inducements alone have the snow-

balling effect of increasing business and vehicle activity in the CBD. 
However, combining vehicle-restraint policies with transit inducements 
can relieve congestion, primarily through modal shifts rather than 
reduced customer activity, so that the economic consequences are 
less onerous. 

This paper discusses the effort to assess, through use 
of a dynamic, interactive simulation model, the various 
economic impacts of selected transportation policies and 
programs (1). The types of transportation actions ex
amined are t hose developed as part of an urban area's 
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transportation control plans (TCPs). Under the Clean 
Air Act of 1970, states that include urban areas in which 
motor vehicle emissions are a significant part of total 
emissions must develop a TCP that outlines how these 
"mobile source" emissions are to be reduced. New 
York State submitted such a plan for New York City in 
April 1973. It included fairly strong proposals and 
strategies for reducing vehicle traffic, focused mainly 
on motor vehicles traveling to, from, or within the Man
hattan central business district ( CBD )-the area from the 
southern tip of Manhattan to 59th Street. However, a 
number of these strategies, particularly those that in
cluded parking reductions, new bridge tolls, and truck
ing constraints, were met with strong public resistance 
in New York City. The principal source of these negative 
responses was the Manhattan business community, which 
felt that such traffic constraints would increase the dif
ficulties and costs of shopping and doing business in 
Manhattan. As a result, these most-controversial strat
egies were eventually deleted from consideration as 
part of any air quality plans. [The political pressures 
against the bridge-toll plan were so strong that a pro
vision was included in the Clean Air Act Ammendments 
of 1977 forbidding the U.S. Environmental Protection 
Agency (EPA) from enforcing such plans if alternative 
air quality strategies could be offered. J 

But the legal requirement to provide a workable 
means of reducing vehicle emissions still remained. 
These policy problems were joined with more recent 
concerns to achieve energy conservation and transporta
tion system management (TSM) goals (i.e., to expand 
highway and transit capacity through low-cost methods). 
These additional public mandates have kept such strat
egies, originally developed under the aegis of air quality 
requirements, very much alive in the minds of transpor
tation planners (2, 3). Because of extensive resistance 
to many transportation schemes, it became imperative 
that any new TCP options, as well :;ts those developed 
for other social goals, be reviewed to assess the full 
range of primary and secondary impacts (4). Chief 
among these ru:e the economic effects, especially those 
on the Manhattan CBD, where more than 1.6 million per
sons work at 80 000 businesses and where thousands 
more reside and shop. 

For these reasons. the Polvtechnic Institute of New 
York was contracted to assess the nature and extent of 
the economic impacts of TCPs on the Manhattan CBD. 
In addition to a major survey of more than 400 firms in 
Manhattan (5, 6), a transportation-economic activity 
model was developed, of aggregate dimension, to help 
define functional relations among economic sectors as 
well as simulate the types of impacts that would result 
from various general transportation actions. The model 
was intended as a "first-cut" planning tool, to demon
strate patterns and order-of-magnitude economic ad
justments in the CBD that result from specific transpor
tation actions. Clearly, the model structure could not 
directly reflect the full complexity of the Manhattan CBD. 
Such relations must be simplified by the extensive use 
of assumptions. As long as these assumptions are rea
sonable, this aggregating process in no way invalidates 
the merits of the study. Indeed, the value of such an 
analytic tool is that it can test the range of results of 
the implementation of various plans in a dynamic system 
that analyzes multiple strategies simultaneously over 
different time frames. This frequently exposes the flaws 
of plans that are drawn up in a limited, isolated context, 
which often ignore such real-world interrelationships. 

CBD DYNAMIC MODEL 

The model developed for this study uses the Dynamo 
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program and language originally developed by Forrester 
of the Massachusetts Institute of Technology (MIT). 
These models have been used to study the dynamics of 
such complex systems as urban areas and business (7) 
as well as the relationship among world population, fuod 
sources, and natural resou1·ces (8). Such models are 
characterized by their (a) e"-1Jlicff exposition of assump
tions and (b) use of "flows" and equations. Essentially, 
these Forrester-type dynamic models are composed of 
three elements: 

1. Levels, or the state or condition of the system at 
any particular time; 

2. Rates, or actions that cause the levels to change; 
and 

3. Feedback situations, whereby levels and rates are 
joined in a continuous loop, affecting one another. 

The feedback loop is the basic structural element in sys
tems. Complex systems, such as the CBD model de
veloped for this study, are composed of many single and 
interlocking feedback loops. The model processes all 
the loops through a step-by-step computation of relevant 
equations. Together, they produce a simulation solution. 

The model describes conditions only in the CBD, al
though it is necessarily dependent on the movement of 
commuters, customers, and potential CBD residents 
from areas external to the CBD. The conditions with 
which the model is concerned are the following: 

1. Economic-the level and climate of economic ac
tivity in the CBD, including employment and the demand 
for goods and services within industrial sectors; 

2. Residential-the attractiveness of the CBD to pres
ent and potential residents; and 

3. Transportation-the transportation picture in the 
CBD, including total and single-mode traffic volumes, 
transit use, and the mode splits of employees, resi
dents, and customers. 

In the model, the attractiveness of CBD business, 
residential opportunities, and travel modes is affected 
by such TCP-type actions as (a) a 150 percent increase 
in tolls on river crossings entering the CBD, (b) a 50 
m~rcent increase in the cost of CBD parking, (c) a 50 
percent increase in the cost of taxi fares, and (d) a 50 
percent decrease in mass transit fares. The model 
deals only with the impact of these traffic-restraint and 
transit-inducement strategies. Other factors, such as 
taxes, crime rates, the quality and cost of housing, and 
the quality of education, which are clearly related to the 
level of economic activity in the CBD, are held constant. 

The major economic policy variables in the model 
are the levels of business activity in the retail, whole
sale, manufacturing, and service sectors along with total 
CBD employment and residential population. The inter
relationship among these factors is the most complex 
aspect of the model and needs some specific exposition. 

Potential demand for goods and services in each of 
the four sectors is a function of many variables. "Repu
tation", so named to reflect the changing capability of 
the CBD to function as a business center, appears as 
a multiplicative variable in each sector equation. It is 
computed as the ratio of prior business activity to the 
average level of business prices. As F~gure 1 shows, 
average price index is a direct function of the cost in
dex, which is a weighted sum of costs derived from con
gestion and pollution (as well as from TCP policy actions) . 
Thus, reputation has self-enforcing qualities; it en
hances business growth to the point where added traffic 
or policy action generates costs too great for the system 
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Figure 1. Segment of the Dynamo model . 
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to bear, causing a depressing impact on economic ac
tivity. 

Other variables that affect business-sector demand 
include (a) employment and residential levels (each con
sumes retail- and service-sector products), (b) the de
mand for goods or services in each of the other sectors 
(e.g., retail activity spurs demand in wholesale, manufac
turing, and service sectors), and (c) demand by external 
customers (non-CBD workers or nonresidents). 

The demand generated for goods and services in each 
business sector is combined into an average weighted 
CBD business volume. This variable becomes the nu
merator in the next computation of the reputation ratio 
but also directly affects the level of CBD employment. 
Employment level in turn affects (a) residential activity, 
(b) retail- and service-sector demand, and (c) total CBD 
vehicle volume. 

Mode choice for employees, residents, and business
related travel is affected by (a) the implementation of 
TCP actions and (b) improving or worsening conditions of 
congestion and pollution in the CBD. The level of con
gestion and pollution is assumed to be a simple additive 
function of the number of automobiles, taxis, and trucks 
in the CBD. Total traffic volume is, in turn, affected 
by (a) the total number of CBD travelers (a function of 
activity in the four business sectors plus total employ
ment and resident population) and (b) the mode split of 
these travelers. 

STRATEGIES 

Each of the selected strategies implemented in the model 
produced output in two principal areas: (a) economic 
activity levels and (b) transportation activity and mode
split data. The model normalizes all variables to an 
initial value of 100 (except for mode-split fractions) and 
therefore expresses all impacts as changes in these 
indices (i.e., the equivalent of percentage changes). All 
of the results presented below are those that result at 
the end of 50 months, the average time for the pertur
bations in all of the variables to subside. To reiterate, 
the individual TCP strategies tested in this. model are 
the following: 

1. Increased tolls-A 150 percent increase in tolls 
is used to simulate the tolling of all currently free river 
crossings into the Manhattan CBD (13 river crossings 
are currently free, whereas 6 have a round-trip fare of 
$1. 50). This directly enters mode-choice decisions 
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and the costs of doing business and eventually works 
through all of the model's (i.e., the economy's) sectors. 

2. Increased parking cost-The 50 percent increase 
in the costs of parking in the CBD is used to simulate 
the impact of a surcharge on existing rates. 

3. Increased taxi cost-The 50 percent rise in taxi 
costs represents either an actual rate hike or the change 
in taxi customers' perceived total cost of choosing that 
mode because of a midtown cruising ban that makes taxis 
less accessible. 

4. Reduced transit fare-The 50 percent drop in the 
transit fare represents an average reduction in fares in 
all time periods and on all transit modes entering and 
traveling within the CBD. 

Table 1 gives the effect that each of these strategies, 
taken separately, had on a variety of economic indicators 
of business activity in the Manhattan CBD (all variables 
had an initial value of 100); the data given in Table 2 
show how these plans changed the overall volume of traf
fic (and related congestion and air pollution) and the 
changes in the use of individual modes. The toll strategy 
has a relatively strong impact when it is compared with 
the other three plans, in terms of business volume, em
ployment, and total traffic volume. The taxi plan has 
very little impact on anything but taxi use (which switches 
to private cars and public transit), whereas parking has 
somewhat more extensive repercussions although con
siderably less than the tolling scheme. 

The transit example, however, demonstrates the type 
of interesting and often unexpected results that the model 
points out. Although automobile users were switching to 
transit, total traffic increased more than 7 percent be
cause of the greater use of trucks and taxis, especially 
trucks. The increases in business activity caused by 
lower transit costs require more transportation support 
services for the higher volumes of goods and person 
movement. This result points out the need for counter
balancing strategies that respond to the dynamic nature 
of transportation-business interactions and is further 
highlighted by the multistrategy results discussed below. 

IMPACT OF SELECTED STRATEGY 
COMBINATIONS 

Each combination of the four strategies, including the 
four-strategy option and all two- and three-strategy 
groupings, was tested for its impact on the same range 
of economic and traffic variables. The following strategy 
combinations will be discussed: 

Plan Strategy Combination 

1 
2 
3 
4 
5 

Toll increase and parking surcharge 
Toll increase and transit-fare decrease 
Taxi-fare increase and transit-fare decrease 
Toll increase, parking surcharge, and transit-fare decrease 
Toll increase, parking surcharge, transit-fare decrease, and 

taxi-fare increase 

Tables 1 and 2 give the impact of these combinations; 
Figure 2 compares the effect on business volume of the 
combined toll and transit-fare strategies versus the ef
fect of each strategy taken separately. The results 
shown simulate the economic consequences that are pos
sible under an overly restrictive transportation plan. 
Increased tolls and parking costs, for example, do pro
duce a desired drop in traffic volumes, but they also 
cause a significant reduction in economic activity and 
employment, eventually hurting the manufacturing and 
service sectors the most. In contrast, when the same 
two strategies are combined with a transit-fare reduc
tion, the economic consequences are much less severe, 
overall traffic volume is still lowered, and transit rider-
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Table 1. Effect of individual strategies and strategy combinations on various economic levels. 

External Customers . 
Busi ness Secto r 

Average Re tail Wholesale 
Total Volume o f Ma nu- and and Manu- CBD 

Strategy Job Business Re ta il Wholesale facturing Servi ce Service fa cturing Residents 

Individual 
150 pe r cent 

toll inc r ease 92 91 93 91 89 90 94 96 99 
50 pe r cent park-

ing s urcha q;e 98 96 97 97 95 95 102 99 100 
~O percent 

t axi- fa r e 
s ur c ha rge 99 99 99 99 98 99 102 102 101 

50 pe r ce nt 
tra nsi l- fare 
red uctio n 112 113 111 110 116 116 99 105 101 

Cornbi1)ed 
Tolls a nd 

pa r ki ng 88 88 89 89 86 86 92 97 98 
T olls a nd 

t r ansit 99 99 101 97 98 99 99 95 102 
Ta xi a nd 

trans it 109 110 109 108 112 112 107 99 101 
T oll s, p a rking, 

and tr ans it 97 95 97 94 93 95 97 96 102 
All fo ur s trategies 96 94 97 94 92 94 99 98 103 

Note: Base= 100. 
aweighted measure (by sector employment) of the activity ongoing in the four sectors, averaged over a six-month period, 
b External customers tr avel into the CBO to cond uct business with any of the four sectors 

Table 2 . Effect of individual strategies and strategy combinations 
Vehic le Volume 

on transportation sector levels. Transit 
Strategy Total' Aut omobile s Trucks Taxis Ride rship 

Indi vidual 
150 percent 

toll increase 91 89 no 95 94 
50 percent 

parking sur-
charge 96 89 96 101 98 

50 1>ercent taxi-
fare surcharge 97 1.08 99 86 103 

50 percent transit-
fare red uction 107 95 11 3 105 117 

Combined 
Toll s and parking 88 79 87 95 92 
Tolls and t1•ansit 94 83 98 95 107 
Taxi anct transit 101 101 11 0 87 118 
Toll s, parking, 

and transit 90 73 94 96 105 
All four strategies 87 79 94 82 108 

Nu1 .. , a:,, , ,. inn 

~ Also used in the model as a direc t measure of pollution and congestion 

ship increases. However, it must be remembered that, 
even if the overall impact is relatively small in aggre
gate e conomic terms, significant economic adjustments 
may be necessary and some firms will be losers. The 
plan that has the most favorable impact on traffic con
gestion and pollution is the combination of all four strat
egies, which cuts automobile and taxi use by 21 and 18 
percent, respectively, while increasing transit pa tronage 
by 8 percent. Analyses of mode-split data showed that 
most of this shift from automobile to transit occurs 
among journey-to-work travelers and retail and service 
customers and clients. In addition, the size of the CBD 
residential sector, which plays an important role in the 
model, increases by almost 3 percent. 

Wholesale and manufacturing modal decisions are, 
as expected, usually the least affected by any of the five 
plans . In contrast, external retail and service custom
ers-the group frequently mentioned as the most vulner
able to travel restrictions-are understandably sensitive 
to plan 1 (toll and parking surcharge) . Their volume, 
however, is only slightly affected (and even increased) 
by all of the other plans, even when the overall demand 
for the retail and service sectors decreases. 

The data in Table 2 also show a seemingly contradic-

tory consequence-cheaper transit increasing traffic con
gestion, which is caused by the additional vehicular sup
port required by the increasing CBD business induced 
by the improved transit access. The impact of this in
crease in commercial and industrial activity is shown in 
the virtually unchanged level of employment under a toll 
increase and a transit-fare decrease versus an 8 percent 
drop with tolls alone . The additional mode-shift incen
tive provided by low-cost transit also has the expected 
impact on the mode choice of automobile versus transit; 
CBD automobile traffic drops more than 17 percent un
der plan 2 versus 11 percent with tolls alone. 

The results shown above do, however, highlight one 
very clear concept (and challenge) for transportation 
planners involved in TCP design and implementation : 
The price of cleaner air may often be reduced economic 
activity. Congestion and pollution are by-products of 
economic activity, and changing the "pollution intensity" 
of activities in the short term through pricing and regu
latory controls can cause adjustment losses . Plan 2 
causes a 5-6 percent drop in traffic at very little cost 
to the economy ; the all-four-strategies option , by com
parison, provides a 12-13 percent decrease in traffic 
volumes but at a higher economic cost. It is clearly 
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Figure 2. Effect on business 
volume of combined toll and 
transit-fare strategies versus 
separate implementation of each 
strategy. 

115 

BG._~~....,,....~~~~~--. 
Tin,tl .. 45 Months 

important to combine strategies carefully to balance 
off traffic restrictions with alternative incentives while 
realizing that it may take time for a less polluting eco
nomic base to replace that portion lost because of air 
quality policies. 

CONCLUSIONS AND RECOMMENDATIONS 

The principal result of the modeling efforts reported in 
this paper is the policy trade-off between traffic reduc
tion and reduced economic activity. The assumptions, 
estimates, and data embodied in the model's interrelated 
sections show, when applied together in the dynamic 
framework of the Dynamo-based model, that (a) many 
traffic reduction schemes can seriously damage the CBD 
economy and (b) the only economically viable method of 
reducing traffic volumes is to counteract the effects of 
vehicle-restraint policies (e.g., higher tolls) with tran
sit inducements. The key is to try to relieve traffic 
congestion through mode-split changes rather than 
changes in the levels or patterns of business or customer 
activity. · 

The effectiveness of any plans reviewed here would 
obviously have to be compared with that of others cur
rently under consideration by New York or any state for 
inclusion in a revised TCP as mandated by the Clean Air 
Act of 1977. If an inspection-maintenance program were 
implemented, for example, average emission factors 
(i.e., amounts of emissions per vehicle kilometers of 
travel) and associated total vehicle-related pollution 
would be reduced, possibly at a lower (public and pri
vate) social cost than, say, a modest parking-surcharge 
plan. The possible effects of other actions exogenous to 
air quality, such as dramatic increases in gasoline 
costs, clearly deserve analytic attention as well. Every 
effort should be made to coordinate parallel analytic ef
forts associated with TSM activities or other transpor
tation areas to avoid duplication and to coordinate results 
and eventual decision-making processes. 

In addition to the range of recommendations made 
here, the following efforts associated with the model 
itself deserve additional attention: 

1. The model should be tested further, especially in 
relation to the interrelationships between the various 
business sectors and the validity of the key elasticity-of
demand values found to be so crucial to the overall 
results. 

2. The potential to interface the model with other 
transportation analysis models, such as the Urban Trans
portation Planning System, should be examined, including 
the ability of the economic results to provide some feed
back into such models in determining route alternatives, 
policy options, and the like. Possible coordination with 
relevant land use models should also be explored. 
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3. Factors necessary to the transferability of the 
model to other CBD areas or less dense urban and sub
urban areas should be examined, including those ele
ments that need changing versus recalibration, the ap
plicability to smaller-scale policies and actions (e.g., 
a 10-block bus-only mall), and the effect of adding other 
policy elements (e.g., an energy-reduction feedback 
loop to match the pollution and congestion mechanism 
in the present model structure). 

Further work is also required in nonmodeling areas of 
economic impact analysis, especially in relation to proj
ects that are highly localized-such as a small pedes
trian mall or computer signalization of a portion of one 
major arterial-and projects that occur in areas that have 
relatively simple economic bases. 

In summary, although there are many areas that de -
serve a more extensive research effort than was possible 
in this study, the model as it now stands was able to 
generate the type of necessary, first-cut decision
making assistance required by transportation officials. 
Although this cannot replace a more detailed analysis 
of the problems involved, it does offer a highly flexible 
tool for testing such alternatives in a rigorous yet un
derstandable and relatively low-cost manner. 
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