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ABSTRACT

Urban areas of Beirut suffer severe traffic conges-
tion due to a deficient transportation system,
resulting in significant economic losses. Grade sep-
arations are proposed at several congested inter-
sections to alleviate this problem. Air quality,
which greatly depends on the geometric configura-
tion of an intersection, is a major environmental
concern at these locations. This paper presents an
air quality impact assessment at a typical urban
intersection and addresses potential mitigation
strategies for air quality management in urban
areas. For this purpose, air quality measurements
were conducted at representative locations to
define existing pollutant exposure levels. Mathe-
matical simulations were performed for several sce-
narios, both with and without grade separations,
changes in vehicle mix, and level of service.
Assessment of air quality impact significance was
conducted by comparing simulated exposure levels
with relevant air quality standards. Sensitivity
analysis indicated that the introduction of a grade
separation, changes in vehicle mix, and level of ser-
vice lead to decreased exposure to air pollutants by
up to 80%.
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INTRODUCTION

Traffic-induced emissions have been closely corre-
lated with adverse impacts on air quality, especial-
ly in over-populated and highly congested urban
areas. When industrial facilities are located away
from urban centers, traffic circulation remains the
most significant source of air pollutants. Urban
centers are characterized by severe traffic conges-
tion and an increased number of vehicles, leading
to a longer peak-hour duration and higher air pol-
lutant concentrations. This is particularly true in
developing countries plagued with a general lack of
traffic management and transport planning poli-
cies. The Greater Beirut Area (GBA) is a typical
example, with 1.5 million passenger trips per day
occurring on a relatively inferior road network,
with a weak public transportation system, and
without regulation enforcement (Staudte et al.
1997). Moreover, a relatively old and poorly main-
tained vehicle fleet increases the contribution of
vehicle-induced emissions (TEAM International
1994). Consequently, residents are exposed to ele-
vated concentrations of air pollutants, especially in
hot summer periods when minimal air circulation
and high humidity prevail.

Peak pollutant concentrations in urban areas are
mostly encountered at heavily congested intersec-
tions, reflecting a high traffic volume and long
delays, decreased average speeds, and a poor level
of service (LOS). Vehicle-induced emissions at
major intersections are dependent on many factors,
including road geometry, traffic volume, vehicle
fleet/fuel characteristics, driving patterns, and
meteorological conditions (Hoglund 1994; Meng
and Niemeier 1998; Faiz et al. 1996; Hallmark et
al. 1998; Hoydysh and Dabberdt 1994). Various
traffic management alternatives are used to
traffic at congested
Signalization, lane addition or lane widening, and
the addition of roundabouts are among the most
common traffic
Historically, they have been implemented at inter-

improve intersections.

management alternatives.
sections with various degrees of success. As con-
gestion increases, however, these alternatives are
often inadequate to accommodate the rise in traffic
volume. Consequently, a grade separation or an
interchange, where traffic flows without interrup-
tion in one or more directions, may be introduced.

Air quality monitoring provides the best means
to characterize the state of emissions in the atmos-
phere, to evaluate the impact of various emission
sources, and to assess the effect of new geometric
configurations. However, monitoring can be inhib-
itively expensive to implement at every intersec-
tion. Economic considerations, coupled with the
need for on-demand control and management of
air pollution, have resulted in the development of a
variety of guidelines and modeling techniques
(mathematical algorithms) (Schattanek 1992;
Schewe 1992; Zamurs et al. 1992). The most wide-
ly used models are Gaussian-based and require the
definition of several factors: meteorological condi-
tions, such as wind speed, wind direction, and
atmospheric stability; emission rates, which
depend on vehicle type and age, driving patterns,
the type of pollution control equipment, and the
level of inspection and maintenance; and the geom-
etry of the specific intersection, including lane
length and width, slope, receptor locations, and
surface roughness. Some mathematical models can
be used to determine fleet-average emission factors
for each pollutant expressed as mass per distance
traveled (grams/kilometer). Others, such as line
source dispersion models, can be used to simulate
atmospheric exposure levels.

This paper evaluates the impact on air quality of
traffic-induced emissions at a typical intersection in
a highly congested urban area. For this purpose,
field measurements were first conducted to define
existing pollutant exposure levels and to serve as a
baseline for model calibration. The pollutants of
interest were carbon monoxide (CO), nitrogen
dioxide (NO,), and total suspended particulate
(TSP). The Mobile Vehicle Emissions Inventory
(MVEI7G) and the California Line Dispersion
Model (CALINE4), a roadside air dispersion
model, were used to simulate vehicle fleet emission
factors and atmospheric pollutant concentrations,
respectively. Simulations were performed for worst
case scenarios, including three specific factors:
presence/absence of grade separations, changes in
vehicle mix, and LOS. An assessment of the impact
of vehicle-induced emissions was then conducted
by comparing simulated pollutant concentrations
to baseline air quality levels and relevant air quali-
ty standards. The overall objective was to optimize
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FIGURE 1 Locations of Proposed Grade Separation at Major Congested

Intersections in the Greater Beirut Area
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intersection management in such a way as to min-
imize the impact of emissions on air quality.

Site Description

The site is one of several major intersections where
a grade separation is proposed (see figure 1). The
intersection under study provides the northern
entrance to the future Beirut Central Business
District. Traffic-counting meters were installed at
these intersections to determine traffic volume at
morning and afternoon peak-hour conditions. The
Equilibre Multimodal-Multimodal Equilibrium

(EMME/2), which models and forecasts the vol-
ume of traffic at any link based on the Multimodal
Equilibrium Theory, was used to determine future
traffic conditions at the intersection. EMME/2
offers the tools necessary to forecast future traffic
conditions based on changes in road networks and
socioeconomic conditions and is commonly used
for traffic planning purposes (EMME 1998). The
site layout, along with future (year 2010) peak-
hour traffic volume, is depicted in figure 2.
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FIGURE 2 Intersection Layout, with Projected Peak-Hour Traffic Volumes

Peak-hour traffic volume for year 2010
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TABLE 1 Vehicle Fleet Composition, Occupancy,
and Average Age

Average Average
Vehicle occupancy age
type Percent (persons) (years)
Cars 90 1.5 14
Medium trucks 6 3 16
Heavy trucks 2 1 18
Buses 2 10 18

Sources: TEAM International 1994 and Dar Al-Handasah
1995

Traffic Fleet Characteristics

The fleet is mainly comprised of passenger cars and
is characterized by relatively old and poorly main-
tained vehicles (see table 1). Although predictions
indicate a decrease in passenger cars and an
increase in bus trips resulting from the introduction
of a more efficient mass transit system, implemen-
tation of such changes in infrastructure is unlikely
to occur in the near future, due to minimal changes
in the fuel taxation policy, weak urban planning
practices, and a lack of enforcement of traffic regu-
lations (TEAM International 1994; 1998).

IMPACT ASSESSMENT METHODOLOGY

The impact assessment methodology used consist-
ed of the five consecutive steps identified in table 2.
Applicable or relevant standards are defined first,
followed by the determination of baseline condi-
tions through field measurements, previous sur-
veys, or mathematical modeling. In the third step,
future traffic and air quality conditions are esti-
mated using mathematical models. Potential
impact is assessed in the fourth step by comparing
future conditions with applicable standards and
baseline conditions. Finally, mitigation measures to
improve urban air quality and to achieve compli-
ance with regulatory standards are addressed.
Using the approach described above, 13 differ-
ent scenarios were developed and analyzed (see
table 3). These scenarios include several variations
of the three factors of interest. Scenario 1 repre-
sents the 2010 condition with no grade separation.
Scenarios 2, 3, 4, and 5 represent future conditions
with a grade separation coupled with or without
speed improvement. The current vehicle mix was

TABLE 2 Impact Assessment Methodology

Step Description Tools

1 Definition of
applicable standards

<

Comparison with WHO
and EPA standards

B Field measurements

B Previous studies

B Mathematical
modeling

2 Determination of
baseline conditions

<

B EMME: simulate vehicle
volumes

B MVEI7G: simulate
emissions factors

B CALINE4: simulate
concentrations

3 Simulation results

<

4 Identification of
potential impacts

B Comparison with
standards

B Comparison with
baseline

<

5 Mitigation of
potential impacts

B Regulatory
B Technical

compared with two other alternatives, doubling or
tripling bus ridership with or without speed
improvements (scenarios 6, 7, 8, and 9). Finally,
scenarios 10, 11, 12, and 13 represent the 2010
conditions under LOS E, D, C, and B, respectively
(HCM 1994). Scenario 0 represents the present sit-
uation without any changes.

Definition of Applicable Air Quality Standards

Ambient air quality standards were proposed in
Lebanon in the 1994 never-approved Proposed
Law Number 1/52 (Ministry of Environment
1996). However, the proposed standards do not
appear to have been developed on a scientific or
country-specific economic basis (Staudte et al.
1997). The limit values are equal to or lower than
thresholds employed in other parts of the world (see
table 4) and seem to be unattainable, at least in the
current regulatory and enforcement environment.

Definition of Baseline Conditions

Previous data on air quality in Beirut are practical-
ly nonexistent. Air samples were collected during
the morning peak hours and analyzed for selected
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TABLE 3 Description of Simulated Scenarios and Corresponding Road Traffic Conditions

Traffic volume Average
Link (vehicles lane speed
Scenario Year number per hour) (kph) Purpose
0 1998 1 16 14 Definition of baseline conditions and model calibration
2 100
3 3,120
4 126
5 283
6 3,522
1 2010 1 660 14 Future conditions
2 245 Implementation of proposed intersection
3 4,925
4 466
5 1,024
6 5,805
2 2010 1 660 14 Overpass
2 245 Without speed improvement
3 4,925
4 466
5 1,024
6 5,805
3 2010 1 660 34 Overpass
2 245 With speed improvement
3 4,925
4 466
5 1,024
6 5,805
4 2010 1 660 14 Underpass
2 245 Without speed improvement
3 4,925
4 466
5 1,024
6 5,805
N 2010 1 660 34 Underpass
2 245 With speed improvement
3 4,925
4 466
5 1,024
6 5,805
6 2010 1 660 14 Vehicle mix doubled bus ridership
2 245 Without speed improvements
3 4,925
4 466
5 1,024
6 5,805
7 2010 1 660 19 Vehicle mix doubled bus ridership
2 245 With speed improvement
3 4,925
4 466
5 1,024
6 5,805
8 2010 1 660 14 Vehicle mix tripled bus ridership
2 245 Without speed improvements
3 4,925
4 466
5 1,024
6 5,805
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TABLE 3 Description of Simulated Scenarios and Corresponding Road Traffic Conditions (continued)

Traffic volume Average
Link (vehicles lane speed
Scenario Year number per hour) (kph)

Purpose

9 2010 660 24
245

4,925
466

1,024

5,805

Vehicle mix tripled bus ridership
With speed improvements

10 2010 660 48
245

4,925
466

1,024

5,805

LOSE

With speed improvements

11 2010 660 67
245

4,925
466

1,024

5,805

N bRWVR,r [N WNDR, NGO WDN -

LOSD
With speed improvements

12 2010 660 75
245

4,925
466

1,024

5,805

o O S

LOS C

With speed improvements

13 2010 660 80
245

4,925
466

1,024

5,805

AN W=

LOS B
With speed improvements

constituents. Table 5 contains measurements of
NO, and TSP for the various intersections associ-
ated with the study. Measurement of CO concen-
trations was hindered by equipment malfunction.
Generally, the results indicate the presence of
greater NO, and TSP levels than allowed under
ambient air quality standards. For example, the
average measured concentration at the intersection
under study for NO, and TSP were 28 parts per
million (ppm), 581 pg/m3 and 172.8 pg/m3, respec-
tively, both exceeding ambient air quality stan-
dards. Such levels are expected, due to several
prevailing conditions conducive to air pollution,
including:

1) the lack of periodic maintenance of the vehicle

fleet,
2) a relatively old vehicle fleet,
3) the high frequency of acceleration and decelera-

tion due to “stop-and-go” situations resulting
from traffic congestion,

4) poor level of service of existing roadways,

5) the absence of regulations concerning vehicle
emissions,

6) the minimal use of catalytic converters,

7) a weak and unreliable public transport system,

8) poor fuel quality, and

9) extensive construction activities (Staudte et al.
1997; TEAM International 1998).

Background levels were continuously monitored
at a location away from traffic (on the campus of
the American University of Beirut) for nearly one
month. Average concentrations of 2 to 6 ppm
(2,222 to 6,667 png/m?3) for CO, 0.03 to 0.05 ppm
(60 to 100 pg/m?) for NO,, and 50 to 80 pg/m? for
PM;y (PMyq signifies particulate matter of 10
microns in diameter or smaller) were reported.
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TABLE 4 Comparison of Selected Air Quality Standards

Standard
Lebanese? US EPAP WHO*® Averaging
Parameter pg/m? (ppm) pg/m? (ppm) pg/m? (ppm) period
Nitrogen dioxide (NO,) 200 (0.1) NS 200 (0.1) 1 hour
150 (0.075) NS 150 (0.075) 24 hours
100 (0.05) 100 (0.05) NS 1 year
Carbon monoxide (CO) 30,000 (27) 40,000 (36) 30,000 (9) 1 hour
10,000 (9) 10,000 (9) 10,000 (9) 8 hours
Total suspended particulate (TSP) 120 260 150-230 24 hours

NS = not specified
2 Ministry 1996

b De Nevers 1995
¢ WHO 2000

TABLE 5 Summary of Average Air Quality
Measurements (pg/m?)

Intersection NO,* Particulate**
3 621 219.8
4 376 144.5
5 659 —a
7 659 176.6
10 847 151.7
11 884 136.0
12 470 194.5
13 376 101.7
14 715 192.6
16 753 130.8
17 282 165.9
18 658 179.4
19 753 291.0
20 564 207.4
21 339 139.1
22 339 160.5
Average 581 172.8
*+10 %
25 %

100 pg/m? = 0.05 ppm for NO,
2 No data available

PMy is equal to 0.55XTSP (Pearce and Crowards
1996; Vedal et al. 1987). Concentrations of 50 to
80 pg/m3 of PM; correspond to 90 to 145 pg/m3
TSP), relatively high given that the measurements
were collected as background readings at a non-
congested location.

Emission Model: Mobile Vehicle Emissions
Inventory (MVEI7G)

MVEI7G was used to determine emission factors
for the Beirut fleet. The MVEI7G model, devel-
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oped by the California Air Resources Board, esti-
mates the total amount of pollutants released into
the atmosphere by road transportation vehicles
using statistical relationships based on emission
tests for new and used vehicles. MVEI7G
accounts for vehicle mix, the percentage of cold
and hot starts, the existence and application of an
inspection and maintenance program, the frac-
tion of vehicles using catalytic converters, and the
fraction of vehicles using gasoline or diesel. The
model consists of four interrelated modules that
operate together: CALIMFAC, WEIGHT, EMFAC,
and BURDEN (see figure 3). The CALIMFAC and
WEIGHT modules produce baseline vehicle emis-
sion rates and weighting factors for each model
year, respectively. The EMFAC module uses this
information, along with appropriate correction
factors, to produce composite fleet emission fac-
tors. Finally, the BURDEN module combines
emission factors with activity data to produce
emission inventories (CARB 1996).

Emission Factors Assessment

An emission factor is the estimated average emis-
sion rate of a certain pollutant for a specific class
of vehicles. Pollutants emitted from vehicles vary
depending on vehicle characteristics; operating
conditions; inspection and maintenance levels; fuel
characteristics; and ambient conditions such as
temperature, humidity, altitude, and wind speed
and direction. Emission factors are strongly
influenced by vehicle driving patterns, average
speed, and the degree of acceleration and decelera-
tion in the driving cycle (Garza and Graney 1996).
These factors increase sharply at lower average
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FIGURE 3 Flow Chart of MVEI7G Model
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FIGURE 4 Variation of CO Emission Factor

with Speed
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FIGURE 5 Variation of NO, Emission Factor
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Note difference in vertical scale between figures 4 and 5.

speeds (see figures 4 and 5), typical of highly con-
gested, stop-and-go urban driving. They decrease
in free flow traffic at moderate speeds then increase
again under relatively high-speed conditions
(Krupnik 1991). Poorly maintained vehicles are
responsible for a disproportionately higher share
of total emissions (Faiz et al. 1996). Emission fac-
tors for U.S. gasoline-fueled passenger cars and
medium-duty trucks equipped with different emis-
sion control technologies are presented in table 6.
These factors are used as benchmark indicators in
assessing emission factors of the Beirut fleet.

Model Application

MVEI7G was calibrated and applied to the
Beirut area (El-Fadel and Bou-Zeid 1999). For this
purpose, field surveys were conducted to measure
tailpipe emissions and inspection and maintenance
levels for the Lebanese fleet. Fuel composition, as
well as the age distribution of the vehicle fleet, were
determined and incorporated into MVEI7G. The
calibration data and corresponding emission fac-
tors for selected pollutants are summarized in table
7. The estimated CO and NO; emission factors for
the Beirut fleet fall between the noncatalyst control
and the uncontrolled category of the estimated
emission factors for the U.S. gasoline-fueled pas-
senger cars. The estimated particulate emissions
factor falls within the range of comparable vehicle

fleets (Faiz et al. 1996).
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TABLE 6 Estimated Emissions Factors for U.S. Gasoline-Fueled Vehicles

Passenger cars

Medium-duty trucks

co NO, co NO,
Type of control g/mile g/mile g/mile g/mile
Advanced three-way catalyst control 9.92 0.83 16.32 0.83
Non-catalyst control 44.32 3.26 76.18 5.54
Uncontrolled 68.27 4.32 270.61 9.14

Estimated with the U.S. Environmental Protection Agency (USEPA) MOBILES model for a temperature of 24°C, a speed of 31 kph, gaso-
line Reid vapor pressure of 62 kpa, and no inspection and maintenance program in place.

Source: Faiz et al. 1996

TABLE 7 Calibration Data for MVEI7G and
Emissions Factors Obtained for Vehicle Fleet

Parameter Value
Average fleet age in years 14
Sulfur content in fuel in ppm 40
Lead content in ppm 0.3
Unleaded fuel, percent 10
Fraction of hot starts, percent 10
Fraction of cold starts, percent 10
Hot stabilized conditions, percent 80
Inspection and maintenance, percent 10
Vehicles with catalytic converters, percent 1
Temperature in degrees Celsius 30
Number of starts per day 3.5
CO emission factor in grams per mile 60
NO, emission factor in grams per mile 3.15
PM emission factor in grams per mile 0.05

Source: El-Fadel and Bou-Zeid 1999

Dispersion Model: CALINE4

CALINE4, developed by the California Depart-
ment of Transportation (Caltrans), is an atmos-
pheric dispersion model used for predicting air
pollutant concentrations. As noted, the model uses
various factors to project air pollutant concentra-
tions away from roadway line sources. For exam-
ple, it estimates the concentration of CO, NO,,
and TSP from a roadway link at monitoring points
within 500 meters from the road and can simulate
air quality at intersections, street canyons, or park-
ing facilities. The model subdivides a road into seg-
ments in a way similar to a finite element analysis,
then sums up the contributions of these elements to
the background air pollution levels at a specified
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receptor location (Benson 1989). A mixing zone
concept is employed to evaluate pollutant mixing
due to mechanical and thermal turbulence from
car exhausts. The mixing zone consists of the road
width, plus a three-meter border on either side,
with a height equivalent to the mixing height
attainable in the region. CALINE4 requires the
input of emissions factors, obtainable from actual
field measurements or models similar to MVEI7G.
The initial step is the specification of the first
roadway element, whose position is a function of
the roadway-wind angle (see figure 6). The first ele-
ment remains constant and equal to its position at
a roadway-wind angle of 45 degrees. Subsequent
elements are longer since they are less critical for
the total concentration value. This length adjust-
ment saves computational time and is within the
accuracy limits of other factors in the model.
Equation (1) is used to compute the length of a
roadway element. Each element is perpendicular to
the wind direction, and its emissions are assumed
to obey the Gaussian dispersion concept expressed
in equation (2). As previously noted, worst case
conditions are assumed in simulating pollutant
concentrations for the present study due to several
factors conducive to air pollution (see table 8).

NE

PHI’
EL=W|1.1 +257105:| (1) and
C(x)y)z) = L eXp[—l yz ] ><

2mo,o,u 2 207

2 2

exp|_1 +=H +exp|_ L +H (2)
2| o, 2| o,
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FIGURE 6 Element Series Represented by a Series of
Equivalent Finite Line Sources
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TABLE 8 CALINE4 Calibration Data

Parameter Value

Wind speed in meters per second 1
Wind direction Worst case?
Wind standard deviation in degrees 5

Settling velocity of pollutants in meters per second 0

Surface roughness in centimeters 100
Mixing height in meters 20
Ambient concentration in ppm 0

Stability class®

2 This is accounted for by the model itself.

b Atmospheric stability has been split into seven categories,
labeled A through G, A being the most unstable and G being
the most stable.

where C = pollutant concentration in grams/meter?
EL = element length in meters

H = road height above receptor location in meters
h,, = source and receiver average height in meters
NE = element number in meters

PHI = wind-roadway angle in degrees

q = linear source strength in grams/meter?

u = wind speed in meters per second

W = road width in meters

y1, ¥2 = distance from plume centerline to receptor
in meters

z = height of receptor in meters

0y = horizontal dispersion parameter in meters
o, = vertical dispersion parameter in meters.

Mixing Height and Surface
Roughness Justification

The effect of mixing height and surface roughness
on CO was determined. For the present study, the
critical mixing height, above which no change of
pollutant concentration is observed, is 20 meters
(see figure 7). The effect of surface roughness is less

FIGURE 7 Projected CO Concentration
(2010 Baseline) Based on Mixing Height
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FIGURE 8 Projected CO Concentration
(2010 Baseline) Based on Surface Roughness
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apparent (see figure 8), with the average value set
at 100 centimeters, typically recommended as a
default value.
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Air Quality Simulations

During the operation phase, emissions are a func-
tion of the expected traffic conditions, volume and
speed, at a particular location as well as the fleet
characteristics. For this study, simulations were
first conducted using the 1998 traffic conditions
(see table 8). The simulated CO and NO, levels far
exceed background levels where no traffic is pre-
sent, indicating that traffic-induced emissions con-
stitute the major contributor to CO and NO,
levels. Since the simulated concentrations for NO,
are of the same order of magnitude as those mea-
sured in the field (see table 9), this is another indi-
cation that traffic emissions are the major source of
NO,. However, the simulated TSP concentrations
are far lower than field measurements, indicating
that traffic is not the only contributor to particu-
late matter (see table 9).

Note that emissions during the road construc-
tion phase are a function of the excavation scheme
and machinery used onsite. They consist primarily
of particulate dust matter released as a result of
earth removal activities and, to a lesser extent, of
emissions from the onsite use of heavy construc-
tion equipment. While the extent of this impact
cannot be reasonably quantified in a scientific man-
ner due to the random nature of construction activ-
ities, it is typically temporary and confined to the
immediate site vicinity, particularly if proper man-
agement measures are adopted to mitigate it.

Sensitivity Analysis

For the present study, model simulations were con-
ducted to evaluate changes in the geometric
configuration, vehicle mix, and LOS. Geometric
changes consisted of the construction of a grade sep-
aration (overpass/underpass) to accommodate the
heaviest traffic running in the north-south direction
(see figure 2). Vehicle mix was modified, assuming
the implementation of a mass transit system. Finally,
the LOS was modified by adding an extra traffic
lane along both directions of the overpass.

Type of Grade Separation

A grade separation is an effective transportation
strategy aimed at increasing the average cruising
speed and thereby reducing traffic delays at an
intersection. Although its primary function is
traffic management, a grade separation may help
reduce pollutant concentrations. Pollutant emis-
sions factors can be five to ten times higher in situ-
ations involving stop-and-go traffic due to the
acceleration and deceleration processes (Faiz et al.
1996). On the other hand, increased average cruis-
ing speed can reduce emissions factors significant-
ly (see figures 4 and 5). Note, however, that there
is an upper limit of 50 and 90 kilometers per hour
(kph), above which emissions factors start to
increase again for NO, and CO, respectively. In
addition, by virtue of its elevation, an overpass
reduces exposure to air pollutants due to the
increased time before a pollutant reaches a recep-
tor at ground level. Similarly, an underpass
confines air pollutants and, hence, reduces expo-

TABLE 9 Field and Simulated Concentrations of CO, NO,, and TSP at Several Locations?

CO NO, TSP
Intersection Measured Simulated Measured Simulated Measured Simulated
number® (ppm) (ppm) (ppm) (ppm) (ng/m?) (ng/m’)
3 NMe 15.5 0.33 0.88 220 13.6
NM 28.9 0.20 0.51 144 271
19 NM 18.9 0.35 0.46 291 4.0
20 NM 8.5 0.30 0.32 207 7.6
21 NM 15.1 0.18 0.47 139 14.2

2 The simulated values are the contribution of traffic emissions to the concentration of a particular pollutant in the air. They do not

account for background levels or other potential sources in the area.

b See figure 1.
¢ NM = not measured because of equipment malfunction.
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sure at ground level, particularly in the presence of
an effective ventilation system.

In this study, concentrations of CO and NO,
were simulated for the year 2010, given four of the
different scenarios (2-5) previously described.
Results are summarized in figures 9 and 10. The
introduction of a grade separation reduced the
concentration of both CO and NO,. The reduction
in CO concentration reached 56% and 86 % for an
overpass and an underpass, respectively, assuming
a 20 kph increase in speed. The contribution of the
geometry reached 7% and 71% for an overpass
and underpass, respectively, assuming the same
speed. The remaining decrease is attributed to the
change in speed that directly affects emissions fac-
tors. The reduction in NO, concentration was less
significant and reached 27% and 78 % for an over-
pass and underpass, respectively, assuming 20 kph
speed increase. Similarly, the contribution of geom-
etry reached 7% and 70% for an overpass and
underpass, respectively, assuming the same speed,
with the remaining decrease attributed to the
change in speed.

Vehicle Fleet Mix

Vehicle mix can have a significant effect on air
quality. This is especially true when heavy vehicles,
trucks and buses, are present at peak hours. In
urban areas, traffic congestion relief and volume
reduction can be accomplished through the
expanded usage of mass transit systems. Such
usage can change the vehicle mix and, hence, the
extent of pollutant emissions. A traffic demand
analysis indicates that the ridership share of a
recently established public bus transport system in
Beirut has reached 11%. The implementation of
regulations and policies encouraging the use of this
system can easily double this share to 22%.
Assuming no additional demand for trips given the
introduction of the new public transit system, the
overall number of persons multiplied by trips will
remain constant. The change will be in the mode of
travel, with a shift from passenger cars, with aver-
age occupancy of 1.5, to buses, with average occu-
pancy of 10 persons per vehicle trip (see table 1). It
is assumed that trips gained by buses are lost from
passenger cars. Doubling the percentage of buses in
the fleet to account for doubling the demand for

FIGURE 9 Effect of Grade Separation
on CO Concentration

CO (ppm)
30
26.7

24.7

0 B B

11.8
IV N e e 79
3.7

0 H

2 3 4 5

Simulation scenario

FIGURE 10 Effect of Grade Separation
on NO, Concentration

NO, (ppm)
2.0
15 | mmm 138
1.08
1O B
B N e 044
0.5 l 0.32
: B
3 4 N

Simulation scenario

Note difference in vertical scale between figures 9 and 10.

bus ridership results in reducing the traffic volume
by 11.3% and increasing the average cruising
speed by 5 kph. More stringent regulations can
even triple the mass transit ridership share to reach
33%, reducing the traffic volume by 22.7% and
increasing the average cruising speed by 10 kph.
Certainly, the vehicle mix would vary if bus rider-
ship is doubled or tripled (see table 10).
Simulation results for four alternatives, scenar-
ios 6, 7, 8, and 9, are depicted in figures 11 and 12.
The change in vehicle fleet mix has reduced CO
concentrations because of traffic-volume reduction
and increase in speed with a corresponding change
in emissions factors. The interrelationship between
these factors and emissions is illustrated in figure
13. The reduction in CO concentrations at the
predefined receptor locations reached 29% and
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TABLE 10 Vehicle Mix of Various Scenarios

Scenario 1 Scenario 6 Scenario 8
bus ridership bus ridership bus ridership
Vehicle type 11% 22% 33%
Cars 90 86.50 82.00
Medium trucks 6 4.50 7.75
Busses 2 6.75 7.75
Heavy trucks 2 2.25 2.50
Volume reduction 0 11.30 22.70

FIGURE 11 Effect of Fleet Mix
on CO Concentration
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52% for scenarios 7 and 9 with a 5 kph and 10
kph speed increase, respectively. As for NO, emis-
sions, the situation is more complex. The contribu-
tion of fleet reduction, 11.3% and 22.7% for
scenarios 6 and 8, did not reduce NO, concentra-
tions. In fact, a 3% reduction, and an 89% in-
crease in NO, concentrations were estimated for
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the 2 alternatives, scenarios 6 and 8. This can be
attributed to the elevated emissions factors associ-
ated with heavy vehicles, leading to an increase in
NO, concentrations. Moreover, the contribution
of the 5 kph and 10 kph speed increase results in a
net decrease of 12% and 0% in NO, concentra-
tions for scenarios 7 and 9, respectively. This net
reduction is not significant enough to bring the
NO; to levels meeting air quality standards.

Level of Service (LOS)

LOS, which describes the performance of a road-
way, can play a major role in establishing air qual-
ity levels. For the present study, the effect of LOS
was analyzed using a slight modification to the
intersection configuration. An overpass was
assumed to serve the north/south traffic, the heav-
iest traffic flow, in both directions. The design
speed for stopping sight distance (SSD) considera-
tions is assumed to be 100 kph, with an actual
average cruising speed of 60 kph (Papacostas and
Prevedouros 1993). In addition, the maximum ser-
vice flow (MSF) rate along the north/south direc-
tion is around 1,500 vehicle per hour per lane,
which corresponds to LOS D (see table 11).

If the LOS is improved by adding another lane
(both directions) in the overpass, then the facility
would have an MSF of around 1,000 vehicles per
hour per lane, making it eligible for both LOS C
and B, corresponding to travel speeds of 75 kph
and 80 kph, respectively (see table 11). Simulation
results for the LOS scenarios are depicted in figures
14 and 15. Improvements in LOS reduced CO con-
centrations due to the increase in speed that results
in a decrease in emissions factors (speed is less than
90 kph). On the other hand, changes in LOS
increased NO, concentrations due to the increase
in speed, resulting in an increase in emissions fac-
tors (speed is greater than 50 kph). This is true
since for a LOS E and better, the average speed is
greater than 50 kph, which falls in the range where
the emissions factors increase with speed.

Assessment of Potential Air Quality Impacts

Assessment of the impact of emissions is conduct-
ed by comparing the simulated future exposure lev-
els with existing air quality conditions and relevant
local and World Health Organization (WHO)
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FIGURE 13 Interrelationship between the Change in Vehicle Mix and Emissions
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TABLE 11 Level of Service for a 100-kph Basic Freeway Section
Density Speed MSF?
LOS vehicle/mile/lane kph v/t vehicle/hour/lane
A <12 —3 — _
B <20 > 80 0.49 1,000
C <30 275 0.69 1,400
D <42 267 0.84 1,700
E <67 >48 1.00 2,000
F > 67 <48 — —

! Volume to capacity

2 Maximum service flow rate
3 No data available

Source: HCM 1994

standards. During the operational phase, which
can last indefinitely, the impact on air quality will
be of a continual nature. In the present study,
traffic emissions alone do not cause CO concentra-
tions to exceed the WHO standards, but the addi-
tional background concentration does result in
levels exceeding those standards. On the other
hand, NO, levels from traffic emissions alone are
higher than recommended standards, regardless of
background levels.

Mitigation

In Lebanon, as in many developing countries, there
is a lack of institutional capacity and technical
expertise to deal with environmental issues. New
legislation may fail to meet its objective unless a
broad mix of measures is simultaneously imple-
mented. In this context, project-specific measures
and long-term policies are needed to mitigate
potential impact on air quality. While technologies
that ensure the removal of air pollutants are
expected to grow in importance, mitigation mea-
sures must focus on separating pollution sources
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FIGURE 14 Effect of LOS Change
on CO Concentration
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and receptors, reducing pollution activity and its
characteristics, controlling emissions with filtering
devices, and adopting and enforcing proper opera-
tional procedures.

Table 12 presents possible mitigation strategies.
Emissions reduction will have multi-dimensional
benefits since air pollution affects both public
health and the environment. With the improved
status of the health of the population, there will be
less absence from work because of health problems
and lowered costs of health insurance. Note that
mitigation measures in the context of an intersec-
tion study are related mostly to construction activ-
ities if they are to be limited to site-specific
measures. The interrelation between general miti-
gation measures that apply at the vehicle-fleet level
and an intersection study is primarily through the

TABLE 12 Summary of Possible Mitigation
Strategies

Phase Mitigation measure

Construction ™ Site and stockpile enclosure

B Spraying of stockpiles with chemi-
cal bonding agents

B On-site mixing in enclosed or
shielded areas

B Proper unloading operations

B Water damping of stockpiles when
necessary (dry conditions)

B Sealing of completed earthworks
B Re-vegetation as soon as possible

B Medium and heavily used haul
routes permanently surfaced

B Damping unsurfaced haul routes

B Keep hauling routes free of dust
and regularly cleaned

B Minimal traffic speed on-site with
proper enforcement

B Maintenance and repair of con-
struction machinery

B Diverting traffic away from heavily
populated areas

Operation

B Converting high-use vehicles to
cleaner fuels

B Development of a comprehensive
vehicle inspection and maintenance
programs

B Imposing emission-related taxes

B Development of air quality stan-
dards and monitoring plans

B Increasing the share of less pollut-
ing traffic modes

B Using fuel-efficient vehicles
W Installing catalytic control devices

estimation of emission factors. The reduction of
the latter is not necessarily related only to an inter-
section study but rather to the entire vehicle fleet
and should therefore be considered in this context.

SUMMARY

An air quality assessment was conducted for a typ-
ical congested urban intersection in Beirut. Air
quality measurements were first obtained to define
the existing levels of pollution. Mathematical sim-
ulations were then conducted to estimate vehicle
emissions factors and to define concentrations of
selected pollutants 1) with and without the grade
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separation, 2) with changing the fleet vehicle mix,
and 3) with improvement of level of service. The
simulations showed that these three factors can
reduce exposure to CO concentrations in the air at
ground level. Exposure to NO, was also reduced in
most scenarios but not as significantly. Simulated
TSP concentrations were far less than field mea-
surements, indicating that traffic is not the only
contributor to particulate matter. A summary of
simulation results is shown in table 13, depicting
the simulated concentrations and the net change in
the pollutant concentration from baseline condi-
tions. Note that in construction situations, which
can arguably be a critical time for air quality, TSP
concentrations are expected to exceed all stan-
dards. The extent of this impact, however, cannot
be reasonably quantified in a scientific manner due
to the random nature of construction activities.

ACKNOWLEDGMENTS

The authors wish to express their gratitude to
TEAM International for providing the project site
design layout and data on current and future traffic
volumes. Special thanks are extended the United
States Agency for International Development for

its continuous support for the Environmental
Engineering and Science programs at the American
University of Beirut.

REFERENCES

Benson, P.E. 1989. Caline-4: A Dispersion Model for Pre-
dicting Air Pollutant Concentration Near Roadways,
FHWA/CA/TL-84/15. California Department of Trans-
portation. Available at http://dot.ca.gov/hq/env/ext/
soft.htm/CALINEManual.

California Air Resources Board (CARB). 1996. Methodology
for Estimating Emissions from On-Road Motor Vehicles,
Technical Support Division, Mobile Source Emission
Inventory Branch, California EPA. California: California
Air Resources Board. Available at http://www.arb.ca.gov/
msei/mvei/mvdocs.htm.

Dar A.-H. 1995. Maintenance & Rehabilitation of Lebanon
Road Network. Beirut, Lebanon: Council for Develop-
ment and Reconstruction.

De Nevers, N. 1995. Air Pollution Control Engineering. New
York, NY: McGraw-Hill, Inc.

El-Fadel, M. and E. Bou-Zeid. 1999. Greenhouse Gas
Emissions from the Transportation Sector in Developing

Countries: The Case of Lebanon. Transportation
Research, Part D, no. 4:121-34.

TABLE 13 Summary of Simulation Results

Simulated Percent change in
concentrations pollutant concentration?

Scenario  Description CO NO, CO NO,

1 Do nothing (2010) 26.72 1.48 0.0 0.0
2 Effect of type of grade separation 24.74 1.38 7.4 6.7
3 11.76 1.08 56.0 27.0
4 7.88 0.44 70.5 70.3
N 3.72 0.32 86.1 78.4
6 Effect of vehicle mix 22.04 1.44 17.5 2.7
7 18.88 1.30 29.3 12.2
8 21.02 2.78 21.3 -87.8
9 12.76 1.48 522 0.0
10 Effect of level of service 10.14 1.10 62.1 25.7
11 7.08 1.14 73.5 23.0
12 6.42 1.24 76.0 16.2
13 6.16 1.34 76.9 9.5

2 Percent change in pollutant concentration from baseline conditions (Scenario 1)

EL-FADEL, NAJM & SBAYTI

101




Equilibre Multimodal-Multimodal Equilibrium (EMME).
1998. EMME2 User’s Manual Software Release 9.
Montreal, Canada: INRO Co.

Faiz, A., C.S. Weaver, and M.P. Walsh. 1996. Air Pollution
from Motor Vebicles: Standards and Technologies for
Controlling Emissions. Washington, DC: World Bank.

Garza, V.J. and P. Graney. 1996. Transportation Project-Level
Carbon Monoxide Protocol. Davis, CA: Institute of
Transportation Studies, University of California, Davis.

Hallmark, S., R. Guensler, and J. Leonard II. Stopline
Distributions of Speed and Acceleration for Signalized
Intersections. Paper presented at the Air and Waste
Management Association, 91st Annual Meeting and
Exhibition, San Diego, CA, June 1998.

Highway Capacity Manual (HCM). 1994. Washington, DC:
Transportation Research Board, National Research
Council.

Hoglund, P. 1994. Alternative Intersection Design—A
Possible Way of Reducing Air Pollutant Emissions from
Road and Street Traffic? The Science of the Total
Environment 146/147:35-44.

Hoydysh, W. and W. Dabberdt. 1994. A Fluid Modeling

Urban

Intersections. The Science of the Total Environment
146/147:425-32.

Study of Concentration Distributions at

Krupnick, A.J. 1991. Transportation and Air Pollution in
Urban Areas of Developed and Developing Countries.
Discussion Paper QE91-08. Quality of the Environment
Division, Resources for the Future. Washington, DC.

Meng, Y. and D. Niemeier. 1998. Project Level Carbon
Monoxide Hot-Spot Analysis for Level of Service D
Intersections. Transportation Research Record 1641:
73-80.

Ministry of Environment. 1996. Standards and Regulations
for Limiting Air, Water, and Soil Pollution. Proposed Law
Number 1/52. Beirut, Lebanon.

Papacostas, C.S. and P.D. Prevedouros. 1993. Transportation
Engineering and Planning. Englewood Cliffs, NJ: Prentice
Hall.

Pearce, D. and T. Crowards. 1996. Particulate Matter and
Human Health in the United Kingdom. Energy Policy 24,
no. 7:609-19.

Schattanek, G. 1992. Integrating Traffic and Air Quality
Modeling Techniques to Predict Pollutant Concentrations
Near Intersections, in Conference Proceedings, Trans-
portation Planning and Air Quality, Santa Barbara, CA,
28-31 July, 1991. Urban Transport Division of the
American Society of Civil Engineers.

Schewe, G.J. 1992. Modeling Guideline for Air Quality
Analysis of Intersections, in ASCE, Conference Pro-
ceedings, Transportation Planning and Air Quality, Santa
Barbara, CA, 28-31 July, 1991. Urban Transport Division
of the American Society of Civil Engineers.

Staudte, M., M. Rau, and M. El-Fadel. 1997. Urban Air
Quality Monitoring Program for the Greater Beirut Area.
Transtec-Fitchner Consortium. Beirut, Lebanon: Ministry
of Environment.

TEAM International. 1994. Greater Beirut Transportation
Plan, Data Collection. Report no. 4. Beirut, Lebanon:
Council for Development and Reconstruction.

. 1998. Environmental Impact Assessment of the Beirut
Urban Transport Project. Beirut, Lebanon: Council for
Development and Reconstruction.

Vedal, S., M.B. Schenker, A. Munoz, J.M. Samet, S.
Batterman, and EE. Speizer. 1987. Daily Air Pollution
Effects on Children’s Respiratory Symptoms and Peak
Expiratory Flow. American Journal of Public Health
77:694-9

World Health Organization. (WHO). 2000. Guidelines for
Air Quality, Air Management, and Information Systems

(AMIS). Available at http://www.who.int/peh.

Zamurs, J., R. Conway, and S.S. Rosen. 1992. Intersection
Air Quality Analysis, in ASCE, Conference Proceedings,
Transportation Planning and Air Quality, Santa Barbara,
CA, 28-31 July, 1991. Urban Transport Division of the
American Society of Civil Engineers.

102 JOURNAL OF TRANSPORTATION AND STATISTICS SEPTEMBER 2000



