


STRATEGY 4. Protect Pollution-Sensitive Uses

It is neither feasible nor
necessary to eliminate
pedestrian exposure to air
pollution. It is important,
however, to limit exposure of
the most sensitive populations
(e.g., young children senior
citizens, convalescents) and to
ensure that places used
frequently and/or for extended
periods of time by the same
inidividuals have relatively
low levels of air pollution.

The physical separation of
pollution-sensitive uses is
often the most effective means
of limiting pedestrian exposure
to air pollution. this can be
accomplished by spatial
separation (Strategies 4A and
4B), by temporal separation
(Strategy 4D), or by the
interposition of a barrier
(Strategy 4C).



STRATEGY 4. Protect Pollution-Sensitive Uses
A. Locate Pollution-Sensitive Uses Outside High-Pollution Zones

Pollution-sensitive uses and
activities (e.g., playgrounds
and schoolyards, sitting areas,
outdoor cafes, and building
entrances and intake vents)
should be located in zones with
low pollution (see Design
Situation chart, Classes One
and Two) and away from high-
pollution zones (see Design
Situation Chart, Classes Five
and Six).

4A1, Locate pollution-sensitive

uses in areas of good air

circulation, with low to

moderate emissions, upwind of

major pollution sources.

UA2, Maintain distance between

pollution-sensitive uses and

major streets and highways.

Separation from the roadway may
be accomplished by either ver-
tical or horizontal distance.
Benches and bus shelters should
be sited well back from the
curb, Locate school yards,
playgrounds, and outdoor cafes
off major streets, especially
if air circulation is limited.

- 4A3, Discourage the use of

high-pollution zones for
pollution-sensitive uses.

Do not place benches or play
equipment adjacent to high
emission uses, such as major
streets and highways, parking
garage entrances and vents, or
near tunnel entrances,
age the use of such areas
(e.g., by planting with dense
shrubs and/or trees).
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STRATEGY 4. Protect Pollution-Sensitive Uses
B. Locate High-Emission Uses Judiciously

New uses that may generate high
emissions should be located in
order to both protect existing
pollution~sensitive uses and to
enhance dispresion of
pollutants.

4B1, Site high-emission uses
away from existing pollution-
sensitive uses.

New highways, bus depots, and
parking garage and tunnel
entrances should not be located
adjacent to existing
playgrounds, schoolyards, or
small parks.
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4B2., Site high-emission uses in

areas with good air circulation.

43, Site high-emission uses
downwind of existing pollution-
sensitive uses.
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STRATEGY 4. Protect Pollution-Sensitive Uses
C. Buffer Pollution-Sensitive Uses from High-Emission Uses

f
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4C1. Use barriers to separate
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Walls, planters, and berms can
all be used to protect pollu-
tion-sensitive uses like sit-
ting areas and outdoor cafes.
Planted berms will not only
provide a barrier, but can also
be designed to filter particu-
late pollutants (See Strategy
341).
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STRATEGY 4. Protect Pollution-Sensitive Uses
D. Regulate Time of Use to Separate Pollution-
Sensitive and Pollution-Generating Uses

The use of the same space by
pollution-sensitive and pollu-
tion-generating uses is some-
times unavoidable. 1In such
cases a temporal separation may
be the ideal solution to reduc-
ing pedestrian exposure to
unacceptable levels of air
pollution,

4p1. Establish vehicle=free
time zones during intensive
pedestrian use,

The time of most intensive
pedestrian activity downtown is
during morning and afternoon
commuting periods and during the
mid-day lunch hour. Traffic
might be banned or restricted in
some downtown districts between
noon and two o'clock.

4p2, Restrict traffic during
times of limited air circula-’
tion, '

If local radiation inversions
are a frequent morning
ocecurrence, traffic might be
restricted during that period.
Deliveries, for example, might
be limited to afternoon hours,






V. A COMPREHENSIVE APPROACH TO STREET-LEVEL AIR
QUALITY

In the seventeenth century, John Evelyn described the
air pollution of London and proposed a comprehensive
plan to alleviate that problem. Evelyn's plan, out-
lined in Fumifugium: The Aer and Smoake of London
Dissipated (1661), employed the four basic urban design
strategies outlined in the preceding chapter., Evelyn
recommended the prohibition of high-sulphur coal, the
relocation of polluting land uses, like tanneries, from
central London to outlying areas downwind, and the
plantation of entire square blocks with trees and
flowers, interspersed throughout the city, to sweeten
the air. Rarely, since that time, has there been so
comprehensive a proposal to improve urban air quality.
Most programs in the United States today focus mainly
on the reduction of emissions and ignore the potential
of other strategies,

If an air quality program is to be effective and
efficient, it is critical that it integrate multiple
strategies and that it coordinate efforts at both
city-wide and street-corner scale. The specifics of
such a program will vary from city to city, depending
on climatic setting, transportation patterns, and
existing urban form. What works in one city may be
inappropriate or impractical in another. Whatever its
specifics, however, a plan to address air pollution
should always acknowledge the issues of energy conser-
vation and climatic comfort. Increased air pollution
is often the by-product of profligate energy use and,
in some cases, efforts to conserve energy have
increased air pollution in building interiors. The
promotion of climatic comfort in outdoor spaces may
contribute to decreased air circulation and a build-up
of air pollutants: for example, when sidewalks and
building entrances are protected by deep arcades with
vehicular access or when winds that might ventilate a
space are deflected from it.

In devising an air quality management program, it is
also important to assess the significance of the air
pollution problem relative to other issues facing the
city and to integrate air quality as part of an overall
plan to improve environmental quality. The fragmenta-
tion of environmental concerns leads to plans that are
inefficient, expensive, and that can precipitate
additional problems, even as they solve the single
problem for which they were designed. Plans designed
to serve multiple purposes, on the other hand, may
improve air quality, even as they help resolve problems
of water quality, storm drainage, and flood, earth-
quake, or landslide hazards. Certain strategies or
combinations of strategies may also be more feasible
economically, culturally, or politically than others.



The Stuttgart Experience

Over the past several decades, Stuttgart, West Germany,
has implemented a comprehensive program to manage its
air quality and climate. Although air quality is one
of Stuttgart's most important problems, the city has
also incorporated other environmental concerns into its
plan: the protection of water resources; the stabili-
zation of landslide-prone slopes; management of forest
resources; the provision of recreation opportunities;
and the enhancement of the city's aesthetic image.
Stuttgart is a city of 160,000; its center lies at the
bottom of a horseshoe-shaped valley. The climate of
Stuttgart is greatly influenced by this physiographic
situation, Winds are generally weak, and inversion
conditions occur two days out of three. Before the
city devised a plan to alleviate the situation, indus-
trial emissions, car and truck exhaust, and smoke from
furnaces were trapped near the ground during these
inversions.

Climatologists, air quality specialists, and urban
planners and designers have worked together for several
decades to monitor air quality, identify sources of air
pollution, and to study patterns of air movement within
the city. Together they have designed a multi-faceted
air quality management program that applies that under-
standing. Stuttgart's program is exemplary, on many
counts: for the way it exploits an understanding of
the city's climate; for the way it coordinates multiple
strategies to reduce air pollution; and for the way it
integrates planning at the city-wide scale with incre-
mental improvements at the microscale,

The city maintains a monitoring network comprised of
both stationary and portable monitors, including a
small van designed as a mobile laboratory. Industrial
emissions, the smoke from thousands of individual fur-
naces, and vehicular exhaust were all identified as
important sources of air pollution. The city has since
reduced emissions significantly. Chimney stacks at the
municipal incinerator and local industries were fitted
with filters and were increased in height to enhance
dispersion, The filtered material and cinder residue
from the incinerator are now used as aggregate material
in road construction. The incinerator was also con-
verted to a power plant where burning garbage heats
water that is piped to homes and businesses in the
downtown and nearby residential neighborhoods. This
provides both heat andfhot water, thereby eliminating
the need for furnaces in this entire area.



Other strategies have been employed to reduce emissions
of air pollutants in poorly ventilated portions of the
downtown, One narrow street, historically the city's
most important route, was converted to a pedestrian
street, with trolleys and buses placed below in an
underground transitway. This street and transitway
connect the main train station at one end of downtown
with the old market square at the other end. New
buildings and old, important institutions, offices,
shops, and restaurants line the shaded pedestrian mall
with its convenient transit stations.

Climatologists identified the daily pattern of hill-to-
valley air movement and demonstrated its significance
for city-wide ventilation. On calm, clear nights, cool
air flows off the hillsides down small canyons to the
valley floor where, if unimpeded, it pushes warmer,
polluted air in the city center down the river valley,
The city has therefore mapped these airflow channels
and has ensured their continued effectiveness by incor-
porating them into a public open space system, A
linear downtown park, several miles long and several
hundred yards wide, was built in the valley between the
Neckar River and the city center., At its downtown
terminus, it is linked to a pedestrian street and is
connected to hillside airflow channels by streets that
run perpendicular to it. Thus have forests at the
city's edge, wooded hillside canyons, a pedestrian
mall, and a large central park been linked in a compre-
hensive system that ventilates the city, cooling and
cleansing it. The pedestrian is well-served in
Stuttgart. Hillside stairs step down the airflow
channels providing shortcuts to downtown as well as
sweeping views of the city. Even downtown, pedestrian
routes are well separated by planted buffers from heavy
traffic on major streets. Several major streets have
been widened without increasing traffic lanes, thereby
enhancing ventilation and providing more room for the
separation of cars and sidewalks.

Stuttgart has integrated concerns for air quality,
energy conservation, and climatic comfort. The same
airflow that helps disperse pollutants also cools the
city on hot summer nights, when the city would other-
wise be considerably warmer than outlying suburbs. The
conversion of the municipal incinerator to provide
district heating has reduced energy consumption as well
as air pollution emissions. The shady parks and walk-
ways that funnel air through the city are far cooler
than nearby streets and plazas and provide a pleasant
place to be on hot summer days.



Stuttgart now employs several full-time specialists to
monitor climate and air quality. But the original
concept was worked out and implemented without the aid
of the sophisticated monitoring system the city now
maintains. The nightly pattern of downslope airflow
was demonstrated during World War II, by smoke bombs
that were discharged on the hillsides to hide the city
from enemy aircraft. Based upon this experience,
climatologists mapped probable airflow channels, and
these have since been verified empirically. The broad
outlines of the program were sketched in the 1950s and
have been refined and augmented ever since, The early
conceptual framework has guided both comprehensive and
incremental improvements for several decades. The
miles-long linear park, for example, was built in
several stages; each stage was designed and built when
Stuttgart hosted the German garden show, a time when
there was great public support for major expenditures
on park development., Even when pressures to develop
the hillsides have prevailed, the city has usually been
able to persuade developers to leave air flow channels
open, either as streets, walkways, or private open
space,

The Stuttgart experience is not equally applicable to
all cities in its details. But in its broader concept,
it is applicable to every city: 1in its incorporation
of an understanding of climatic setting into a compre-
hensive program to reduce emissions, enhance ventila-
tion, and reduce exposure to air pollutants; in its
integration of concerns for air quality, energy conser-
vation, and climatic comfort; in its balance of these
with other urban issues; in its successful integration
of small details that are consistent with the overall
scheme; and in its evolution and staged implementa-
tion.



VI. THE LESSONS FOR BOSTON

Climatically, Boston's situation is quite different
from that of Stuttgart; inversions are relatively
infrequent, and windless days are rare, In fact, Bos-
ton is a windy city, and even on calm days, the sea
breeze blows onshore in late afternoon and evening.
Despite the generally favorable conditions, however,
there are locations and even entire districts that have
relatively poor air circulation. Combined with Bos-
ton's snarled traffic and attendant high emissions at
street-level, there may well be ground for concern.

Places of Concern

The oldest parts of downtown Boston have an irregular
pattern of narrow, winding streets. Prior to the
construction of office towers in the past two decades,
these narrow street canyons were rarely more than four
or five stories high. New construction, however, par-
ticularly in the financial district, has transformed
that pattern. These office structures have contributed
to Boston's economic vitality, -but have resulted in
increased downtown traffic with an attendent increase
in emissions and, in some places, in poor air circula-
tion. The office workers that fill downtown streets
and plazas during lunch in spring, summer, and fall
compete with heavy traffic for street-level space and
may be exposed during lunch hour to pollution levels
that exceed the one-hour standards., Indoor air pollu-
tion levels (carbon monoxide, for example) may also be
of concern in older buildings with window air condi-
tioners or in some new buildings with large, enclosed
atrium spaces. Where entrances of such atriums, for
example, are sheltered by deep arcades with vehicular
access, emissions could be entrained into the interior
public space.

The central artery and entrances and exits to the
Sumner and Callahan Tunnels are sources of high
emissions in downtown Boston. When the sea breeze
blows these emissions back into the city, nearby
buildings upwind, especially if they pose a long, high
obstacle to the breeze, may be exposed to relatively
high pollution levels at their base. If plans to
depress the central artery go forward, great care
should be taken in the location and height of vents.

Boston is a windy city, and the many new tall buildings
have sometimes created uncomfortable, even dangerous,
pedestrian-level wind conditions. The city has wisely

taken steps to arrest this problem, In reducing winds
in public spaces, however, care should be taken not to



create stagnant wind shadows in locations with high
emissions.

There are many examples, in both public and private
spaces where pollution-sensitive uses are located in
inappropriate spots. Of special concern are play-
grounds such as the one situated above the Callahan
Tunnel entrance in the North End. Also of concern is
the trend for restaurants like McDonalds and Burger
King to build playgrounds adjacent to major streets and
highways.

Opportunities

Boston possesses great opportunities to reduce pedes-
trian exposure to street-level air pollution both in
existing parts of the city and through new development.
The sunlight/air circulation project of which this
study is a part provides an opportunity to integrate
issues of climatic comfort and air quality. The fact
that the results of this project have become available
at a time when the city is undertaking a comprehensive
open space plan for the downtown means that a concern
for improving air quality can be incorporated into the
redesign of existing open space and the design of
future open space. Boston is currently experiencing a
building boom, one that will influence the form of the
city for many years to come. This is an opportunity to
redesign portions of the city to address air quality as
well as other environmental, social, and economic con-
cerns.

In designing its open space plan and in guiding new
development, Boston should seek to reduce emissions,
especially in parts of the city with poor air circula-
tion. Cultural and physical factors provide a favor-
able context for reducing vehicular emissions. There
is already a strong constituency for public transporta-
tion, Boston is better served by public transportation
than most American cities, and many residents already
travel through, to, and from the downtown by bus or
subway. It is therefore likely that improvements to
that system, in combination with other incentives,
could significantly decrease traffic. Bicycle and
pedestrian programs are also more likely to succeed in
Boston than many other American cities. Downtown Bos-
ton has a pedestrian scale; the entire downtown is
approximately two miles across. Pedestrian streets
linking major destinations and open spaces could form a
convenient and pleasant pedestrian network, Given the
high density of pedestrians downtown during the day,




the creation of daytime pedestrian districts might be
more acceptable and more feasible in Boston than in
many other cities.

Given Boston's windy climate and the existence of open
space channels like the Charles River and the Southwest
Corridor, good air circulation can be maintained in
most districts through careful deployment of new build-
ing, street, and open space construction. The Common,
the Public Garden, and the Esplanade are also large
public open spaces that probably function as sinks for
alr pollutants emitted nearby.

Next Steps

This study represents an initial piece of the ground-
work necessary to incorporate air quality considera-
tions into urban design for Boston. The following are
some suggestions for continuation of this work:

1. Identify places of concern. This may not be
feasible for the entire downtown area ini-
tially., The city might start with an area
like the financial district or one in which
intensive future development is likely.

Places of concern and design situation classes
should be identified and mapped for each dis-
trict.

2. Assess significance of street-level air pollu-
tion. Portable monitors should be used to
measure air pollution levels in the identified
places of concern, especially where there are
overlapping factors, as in design situation
classes five and six., Previous studies have
identified local "hot spots" that exceed
standards to a significant degree. These
findings should be compared with the places of
concern maps to ascertain correlations. Both
spatial and temporal (daily and seasonal) var-
iation should be addressed. Public spaces in
building interiors (atriums) should be includ-
ed in the study. The contribution of non-
transportation sources should also be consid-
ered, Air pollution monitoring should include
one-=hour exposure during times of most inten-
sive pedestrian activity (e.g. 8:00 to 9:00
a.an., 12:00 to 2:00 p.m., 5:00 to 6:00 p.m.).

3. Use wind tunnel studies to identify existing
and potential zones of poor air circulation.




When wind tunnel studies are conducted to
measure pedestrian wind levels, areas of
limited air circulation should be identified
as well.

4, Incorporate air quality considerations into
urban design plans for the downtown. Devise
an approach appropriate to each district's
urban form and use., Consider solutions that
may extend beyond the district.

5. Implement air quality measures through
incremental public and private development.

Boston's breezy climate and its legacy of convenient
public transportation and generous open space are all
resources that should be exploited to improve street-
level air quality downtown. 1In its efforts to develop
a new Open Space Plan for the Downtown, the BRA should
give particular attention to the contribution of open
space to air quality: as buffer between pollution-
generating and pollution-sensitive uses; as pedestrian
network separate from high pollution zones; as channel
for airflow; as sink for particulate pollutants; as
low=-pollution oasis.



VII., FUTURE DIRECTIONS

This report has established a framework within which
air pollution considerations can be addressed by urban
designers and, hopefully, through which air pollution
specialists can better visualize the contribution of
urban design to the improvement of street-level air
pollution. The strategies outlined in this report are
based on the experimental literature, including both
modelling studies of scaled or idealized urban condi-
tions and measurements within actual urban settings.
Further research is now needed to test, refine, and
augment these strategies through empirical studies.

Several areas of potential future research promise to
yield significant results. The effects of urban form
on the dispersion of street-level air pollutants at
both city~wide and project scales should be investi-
gated. At the city-wide and district scales, the
effects of varying size, geometry, and arrangement of
buildings, streets, and open areas should be tested and
compared. At the project scale, the manipulation of
landform, planted form, and building form should be
studied. Wind tunnel experiments to test and refine
the proposed strategies would be particularly valuable
if related to actual development projects. Measure-
ments taken before and after construction could help
verify the "truth" of these studies. The implementa-
tion of built models (or the identification of existing
models) that incorporate the proposed design strategies
would also afford the opportunity to assess their
effectiveness through comparison with a control site,
Since the most effective design solutions may involve
intervention at multiple scales (city-wide, distriet,
and street corner), work that integrates these scales
is needed. Such research efforts will entail the col-
laboration between urban designers, wind engineers, and
air pollution meteorologists and could yield substan-
tial benefits for the health of city residents.
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