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TRAF-NETSIM and its successor CORSIM are comprehensive micro-
simulation environments that have been widely used to model the urban
traffic environment in the United States and abroad. CORSIM is
employed in this study to simulate and evaluate the effects of pedestrian
flows on right-turn saturation flow rates at signalized intersections. The
saturation flow rates returned by CORSIM were compared with field data
collected throughout the United States and with three existing analytical
models in the United States, Australia, and Canada. These comparisons
indicated that CORSIM models pedestrian interference with the turning
vehicles more severely than the three analytical methods, but with a
smaller effect than the empirical data indicate. Further, the empirical data
exhibit a logarithmic relationship between saturation flow rate and
opposing pedestrian volume, compared with the linear relationship 
used in the simulation and analytical models. Implications for the design
and analysis of signalized intersections are presented.

At a signalized intersection, pedestrians crossing a street parallel to
traffic flow interfere with turning vehicles and thus impede the sat-
uration flow rate for the lane group that services turning traffic.
This study evaluates the ability of Corridor Microscopic Simula-
tion (CORSIM) (1) to simulate the interaction between pedestrians
and right-turning traffic. The CORSIM version used in this analy-
sis is in the beta testing stage, and thus is considered in transition
to a more refined version. The pedestrian interaction module, 
however, has not been updated from the latest TRAF-NETSIM
release 5.0 (2). To evaluate CORSIM’s effectiveness in predicting
effects of pedestrians on saturation flow rate, other analytical meth-
ods were included to provide a basis for comparison. Simulation
results were compared with existing analytical procedures in the
Highway Capacity Manual(HCM) (3); the Australian model,
which is based on the values used in Calibrating SIDRA(4); and
the Canadian Capacity Guide for Signalized Intersections(5).
Field data were collected in conjunction with an FHWA-sponsored
study on capacity analysis for pedestrian and bicycle facilities (6).
The field data contain observations taken at several intersections in
all regions of the United States.

ANALYTICAL METHODS

Current methods for modeling pedestrian impacts on right turns
make use of adjustment factors to the saturation flow for the lane

group servicing turning traffic. The adjustment factors for right-
turn lanes typically consider whether there are exclusive or shared
lanes, the type of signal phasing (protected or permissive turns),
pedestrian volume, proportion of right-turning vehicles, and pro-
portion of vehicles using a protected phase. To accurately compare
the different models, certain assumptions must be made to achieve
a dependable comparison. In this analysis, a strictly permissive
phase is considered, in conjunction with a single exclusive and
shared right-turn lane.

The HCM provides a method for adjusting the saturation flow
rate for lane groups servicing right-turning traffic through the fac-
tor fRT:

where

PRT = proportion of right-turning traffic in lane group,
PEDS= volume [pedestrians per hour (pph)] of pedestrians con-

flicting with right-turning traffic, and
PRTA = proportion of right-turning traffic using protected phase.

The special case considered here assumes strictly permissive phases,
thus PRTA = 0 and Equation 1 simplifies to

The 0.15 factor in Equation 2 is independent of the pedestrian flow,
and is meant to simulate a reduction in saturation flow due to the
lower turning speeds.

The Canadian Capacity Guide (5) evaluates the saturation flow
adjustment factor (Frped) for right turns crossing pedestrian flow in a
three-step process. First, the average pedestrian flow rate during the
walk interval and pedestrian clearance period is calculated from the
two-way pedestrian flow on the crosswalk:

where

q′ped = approximate average pedestrian flow rate during the walk
interval and pedestrian clearance period (pph),

qped = two-way pedestrian flow on the crosswalk (pph),
C = cycle time (sec), and
g = effective green interval (sec).
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Second, if the average pedestrian flow rate on green is less than
or equal to a threshold of 200 pph, then no adjustment is necessary
(Frped= 1.0). Finally, one of three functions is chosen based on spe-
cific local conditions. The Canadian Capacity Guide identifies three
geographic locations. For this study, the Toronto site was chosen for
comparison purposes. In this case,

The Australian model is presented in Calibrating SIDRA(4) and
is implemented in the SIDRA computer package. The adjustment
factor used is identical to the HCM value, although it is imple-
mented in the form of a through-vehicle equivalent as shown below:

where

eLV = through-car equivalent for turning light vehicles, and
P = conflicting pedestrian volume (pph).

CORSIM SIMULATION OF 
PEDESTRIAN IMPEDANCE

CORSIM simulates the effects of conflicting pedestrians by ran-
domly assigning a delay time to each turning vehicle separately. The
first way in which pedestrian interaction can be varied in CORSIM
is in the number of pedestrians on each link of a street system. There
are four levels of pedestrian volume: none, light (100 to 250 pph),
moderate (250 to 500 pph), and heavy (500+ pph). Based on these
volumes, CORSIM generates an additional delay to each vehicle due
to the presence of pedestrian interfering with a right-hand turn.
Pedestrian interference is classified as either weak interaction or
strong interaction. The strong interaction occurs for a user-input
duration beginning at the start of the green phase and represents the
queuing of pedestrians on the crosswalks. Weak interaction prevails
for the balance of the green time. The default values set in CORSIM
for the duration of a strong interaction are 0 sec for light pedestrian
flow, 10 sec for moderate pedestrian flow, and 25 sec for heavy
pedestrian flow. During the time that the strong interaction occurs,
the delay for the next vehicle attempting to turn right is randomly
selected from a decile delay distribution with mean = 3.8 sec and
standard deviation = 4.7 sec. These times are doubled if the pedes-
trian flow level is heavy. During the weak-interaction period, a dif-
ferent distribution is used with delay mean = 0.9 sec and standard
deviation = 1.9 sec. Thus, by effectively holding back the vehicles at
the prescribed delay values, the saturation flow rates are reduced
accordingly.

SIMULATION EXPERIMENTS

Network Set-Up

The first step in the simulation experiments is to set up the road net-
work for both the shared through–right-turn lane and exclusive turn
lane networks. The road networks are generated with the intent to
generate multiple data points per simulation run, under heavy over-
saturation, not to develop simulation case studies of real-world
intersections.
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Exclusive-Lane Network

The exclusive right-turn intersection in this simulation is four-way
and has a through-only lane and a right-turn only lane in all directions,
as shown in Figure 1. Each link length was set to the maximum 
1220 m (4,000 ft) to allow for a continuous right-turn queue in the 15-
min run-time. The volumes for the four entry links are 1,000 vehicles
per hour (vph). This volume creates a saturated condition on each
lane. The queue discharge headway was set at an ideal value of 
1.9 sec, equivalent to a saturation flow rate of 1,900 vehicles per hour
of green (vphg) for each lane. The turning percentage was set at 
50 percent on all links. The four intermediate nodes (1,2,3,4) were
controlled by stop signs on the minor roads and the main intersection
(Node 5) is signalized using a four-phase split-signal plan. Each
approach receives a green through and turn arrow for 25 sec and a yel-
low interval of 5 sec, resulting in a cycle length of 120 sec. No right
turns on red were allowed in any runs.

Shared-Lane Network

The shared right-turn–through lane network is created as a separate
file similar to the exclusive right-turn lane network. This intersection
is a T-intersection, as shown in Figure 2. To begin construction of this
intersection, the entry link (4,1) was set at maximum 1220 m 
(4,000 ft), ensuring that extensive queuing can occur. The two exit
links (1,2; 1,3) were set only at 305 m (1,000 ft) because there is no
need for queueing in this direction. To minimize computing time, the
volumes for the entry links were set at 1,000 vph for link (8004, 4) and
500 vph for the remaining 2 entry links. All links have a single lane
and are not channelized. The turning percentages were varied as
described in the Simulation Runs section. The main intersection
(Node 1) is signalized with two phases, each with 25 sec of green time
and 5 sec of yellow time. The cycle length for this network is 60 sec.

Simulation Runs

Exclusive-Lane Network

A preliminary set of trials was run to determine if the input turn-
ing speeds in CORSIM affect the saturation flow rates for the
exclusive right-turn lane. The values used included the default
14.2 km/hr (13 ft/sec), and two other values, 24.0 km/hr (22 ft/sec)
and 28.3 km/hr (26 ft/sec). At each speed, 20 runs were made with
the same 20 random number seeds. From each of these 20 runs,
four turning-lane and through-lane volumes were collected from
the output file for a total of 80 data points. The output file returns
the number of vehicles discharged by each lane. This is converted
in a spreadsheet to vph green by dividing it by the total effective
green (8 cycles times 30 seconds green and yellow time minus 
2.5 seconds of startup lost time). To determine the effects of
pedestrians, 20 trials at 20 different random number seeds were
run for each of CORSIM’s four different pedestrian levels.

Shared-Lane Network

The next set of trials was run on the shared-lane network. Five 
groups of trials were run at five different right-turn volume percen-
tages: 30 percent right–70 percent through, 40 percent right–60 per-
cent through, 50 percent right–50 percent through, 60 percent 
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FIGURE 1 Exclusive right-turn lane network simulated in CORSIM.

right–40 percent through, and 70 percent right–30 percent through.
For each of these turn volume percentages, 20 trials with 20 different
random number seeds were run for each of the four pedestrian levels.
There are only 20 data points for each pedestrian level on the shared
network, as opposed to 80 on the exclusive, because there is only one
direction in which volumes can be measured in this network.

SIMULATION RESULTS

Turning Speed

CORSIM predicted very little difference in the saturation flow 
rate with respect to turning speeds. The results for each trial are 

summarized in Table 1. As the table shows, virtually no variation
exists in the saturation flow rates for both the turning and through
lanes. These first runs produced volumes for the through lane and
right-turn lane that almost replicated the volumes predicted by the
HCM. The HCM reports 1,900 vph for ideal saturation flow for
through lanes; CORSIM reports through volumes ranging from
1,919 to 1,922. For turning movements with no pedestrian inter-
ference, HCM suggests an ideal saturation volume of 1,615 vph,
whereas CORSIM produced volumes ranging from 1606 to 1610.
The ratio of the two rates for each speed is 0.84. This ratio is con-
sistent with the 0.85 adjustment factor established in the HCM and
Australian manual for the effects of the turning radius and the
decreased speeds it requires around a turn. One possible explana-
tion for the discrepancies in the volumes is that the vehicles are at
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FIGURE 2 Shared right-turn lane network simulated in CORSIM.

saturation and are discharging from a standing queue. The effect
of turning speeds was therefore ignored for the following runs and
the default speed value of 14.2 km/hr was used throughout. The
consistency of the 0.85 turning radius factor in the HCM, Aus-
tralian manual, and CORSIM lends strong support to its validity
for capacity analysis purposes.

Exclusive-Lane Network

The results for the 20 runs of the exclusive-turn lane network at
each pedestrian volume are indicated in Table 2 along with the 
corresponding estimates of the HCM, Australian, and Canadian
models. This data can be used to model pedestrian impact with
good confidence. As shown in Figure 3, linear, exponential, and
polynomial forms of the model were considered, all producing
high R2 values above 0.90. Although the polynomial model has a

slightly higher R2 value, the linear model was used because of its
simplicity and consistency with other analytical models.

CORSIM produced saturation flow rates that were in general
much lower than those predicted by the analytical models with
pedestrians present. As shown in Table 2, the saturation flow rate
with no pedestrians predicted by CORSIM is very similar to the
HCM model. When pedestrians are considered in the network, their

TABLE 1 Right-Turn Saturation Flow Rate Versus Turning Speeds
in CORSIM: Exclusive Right-Turn Lane Network
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TABLE 2 Saturation Flow Rates for Exclusive Right-Turn Lane

impedance was much more significant in CORSIM than in most
other analytical methods.

Shared-Lane Network

The results for the shared-lane model were equally convincing.
CORSIM shows a strong linear relationship between pedestrian
volumes and saturation flow rate. Results for all the shared-lane
network trials for each turning vehicle proportion are graphed in
Figure 4. Table 3 gives the average saturation flow rate for the four
pedestrian volumes and the five turning proportions. The CORSIM
model once again shows a greater impact on saturation flow rate at
higher pedestrian volumes of the four models.

Delay Comparisons

CORSIM models pedestrian interaction by adding a randomly 
generated delay to the vehicle’s discharge headway, as described

earlier. The total headway for a vehicle is inversely proportional to
the saturation flow rate. For example, the average vehicle headway
for a right-turning vehicle with no pedestrian interference is the
inverse of the HCM’s ideal of 1,615 vph or 3,600/1,615 = 2.25 sec.
This headway can be used to determine the delay caused by pedes-
trians by subtracting the average headway of a lane with no pedes-
trians from one with pedestrian interference. Table 4 converts the
saturation flow rate for the HCM and CORSIM at the four average
pedestrian volumes into the average headway. Using the average
headway that is embedded within the defaults for the exclusive net-
work created, CORSIM calculates the corresponding saturation
flow rate, also shown in Table 4. The average headways derived
from the HCM are much smaller than the values derived from the
CORSIM results as well as the headway embedded in the arrays.
These differences explain the recurring differences in the satura-
tion flow rate adjustment factors from CORSIM compared with the
other three models. Thus, to bring CORSIM saturation flow rates
closer to the analytical models, a revision in its embedded decile
delay distribution would be necessary.

FIGURE 3 Results of CORSIM simulation of exclusive right-turn lane with varying pedestrian volumes 
(80 replications for each).



TABLE 3 Saturation Flow Rates for Shared Right-Turn Lane

FIGURE 4 Results of CORSIM simulation of shared right-turn lane with varying pedestrian volumes and turning
percentages (20 replications for each).
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TABLE 4 Relationship Between Saturation Flow Rate, Average Vehicle Headway,
and Average Vehicle Delay Caused by Pedestrian Interference: Exclusive 
Lane Network

COMPARISON WITH FIELD DATA

In conjunction with an ongoing FHWA research project at North
Carolina State University, field data were collected across all regions
of the United States. These data consisted of discharge headways
from vehicle queues (five or more vehicles) that were impeded solely
by pedestrian traffic on the destination crosswalk. Although the
analysis of these data is still in progress, a preliminary model was
developed and evaluated that relates the saturation flow rate adjust-
ment factor for left-turning vehicles to pedestrian flows, and occu-
pancies of the pedestrian-vehicle conflict zone. The model has a
strong explanatory value with R2 = 0.73. The model is shown below:

where f is the left-turn saturation flow rate adjustment factor and
PEDSis pedestrian volume per hour of green.

Figure 5 compares the regression model fitted to the empirical
data with the four models already discussed. The comparison
between the right-turn analytical-simulation models and the left-turn
empirical model is justified because all field data were collected at
sites in which left turns were made from a one-way to a one-way
street, which are operationally similar to right turns for the purposes
of this study. The empirical model exhibits a logarithmic relation-
ship in which pedestrian interference has a stronger impact at lower
pedestrian volumes. This impact levels out as the volume increases.
This pattern is dissimilar from the other models, but is statistically
significant. In fact, the shape of the relationship appears to be rea-
sonable considering the strong impact the first few pedestrians have
on right-turners. As pedestrian volumes increase, they will tend to
platoon more at the beginning of the cycle. The impact additional
pedestrians have on vehicles is lessened because their path is already
interfered with by the other pedestrians in the platoon.

EXPERIENCE WITH CORSIM SOFTWARE

While simulating pedestrian impacts in CORSIM, many difficulties
and inconsistencies were encountered. In an attempt to develop a
more representative model over the entire range of pedestrian flows,
the team attempted to generate pedestrian volumes in between the
four default ranges. This was accomplished by changing the default

f PEDS= − ( ) −[ ]1 00 1 02 19 85 6. . ( )Ln

values for the duration of the strong interaction of pedestrians. The
average pedestrian volumes were related to the duration of strong
interaction in a linear model; each second of strong interaction corres-
ponds to an increase in pedestrian volume of 20 pph, starting with a
pedestrian volume of 175 pph at 0 sec of strong interaction. Unexpec-
tedly, when these defaults were changed, there was no corresponding
change in the saturation flow rate. The result was independent of all
four default settings. Further, CORSIM only simulates the impact of
the near-side pedestrian traffic whose platoon would interfere first. In
reality, there may be strong interaction both at the start and the end of
the green phase if the pedestrian platoons do not overlap.

CONCLUSIONS

A number of existing methods to estimate the impedance effect 
of pedestrians on turning traffic at signalized intersections have
been examined. Three analytical models, a simulation model, and
a model derived from field data were compared, leading to the 
following conclusions:

1. Currently used analytical models assume a linear relationship
between pedestrian volume and saturation flow rate for turning traf-
fic. This was found to be consistent with results from CORSIM
simulations.

2. The effect of turning speed was found to be negligible based on
simulation results. This may be attributable to the fact that in a queue-
discharge mode, right-turning vehicles proceed from a standing
queue that is stopped during the red phase.

3. In absence of pedestrians, the current HCM right-turn adjust-
ment factor of 0.85 is identical to that obtained from CORSIM
simulations.

4. Field data suggest a higher pedestrian impedance than that
predicted by all analytical and simulation models.

5. Field data exhibit a nonlinear relationship between pedestrian
volumes and saturation flow rates, with the largest impact occurring
at the lower pedestrian volumes.

6. The CORSIM pedestrian simulation module does not oper-
ate properly outside the default values. Care should be taken in
interpreting and extrapolating its results under such conditions.

7. There is a need to incorporate pedestrian impacts on left-turn
saturation flow rates in the CORSIM model.
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FIGURE 5 Summary comparison of saturation flow rate adjustment factors for exclusive right-turn lanes.


