Volume Studies
and Characteristics

The most fundamental measure in traffic engineering is
volume: how many vehicles are passing defined locations in
the roadway system over time, particularly during the peak
hour(s) of a typical day. Virtually no decision concerning
facility design or traffic control options can be made without
knowledge of existing and projected traffic volumes for the
location(s) under study. - '

9.1 Critical Parameters |

In Chapter 5, we introduced the concepts of volume and flow
rate. Four variables are related to volume:

* Volume

» Rate of flow

* Demand

* Capacity
Sometimes these are used in conjunction with other measures
or conditions. The four parameters listed are closely related,

and all are expressed in terms of the same or similar units.
They are not, however, the same. '

I. Volume is the number of vehicles (or persons) pass-
ing a point during a specified time period, which is
usually one hour but need not be.

2. Rate of flow is the rate at which vehicles (or per-
sons) pass a point during a specified time period
less than one hour, expressed as an equivalent
hourly rate. -

3. Demand is the number of vehicles (or persons) that
desire to travel past a point during a specified period
(also usually one hour). Demand is frequently .
higher than actual volumes where congestion exists.
Some trips divert to alternative routes, and other
trips are simply not made.

4. Capacity 1s the maximum rate at which vehicles can
traverse a point or short segment during a specified
time period. It is a characteristic of the roadway.
Actual volume can never be observed at levels higher
than the true capacity of the section. However, such
results may appear because capacity is most often
estimated using standard analysis procedures of the
Highway Capacity Manual [1]. These estimates may
indeed be too low for some locations.

Techniques for collection, reduction, and presentation of
volume (and other) traffic data were discussed in Chapter 8.
This chapter presents techniques for statistical analysis of
volume data and the interpretation and presentation of study
results. It also provides an overview of typical volume
characteristics found on most highway systems.
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Assuming that the stated capacities are correct, no vo|
ume in excess of these capacities cair ever be counted. Simy,
put, you can’t carry 6 gallons of water in a 5-gallon bucky-
Therefore, it is informative to consider what would be obsery;

9.2 Volume, Demand, and Capacity

We have noted that volume, demand, and capacity are three dif-
ferent measures, even though all are expressed in the same units

and may relate to the same location. In practical terms, volume is
what is, demand is what motorists would like o be, and capacity
is the physical limit of what is possible. In very simple terms, if
vehicles were counted at any defined k)calion for one hour:

« Volume would be the number of vehicles counled
passing the study location in the hour.

» Demand would be the volume plus the vehicles of
motorists wishing to pass the site during the study
hour who were prevented from doing so by conges-
tion. The latter would include motorists in queue
waiting to reach the study location, motorists using
alternative routes to avoid the congestion around the
study location, and motorists deciding not to travel at
all due-to the existing congestion, or choosing to
travel to an alternative destination.

» Capacity would be the maximum volume that could be
accommodated by the highway at the study location.

Consider the illustration of Figure 9.1. It shows a classic -

bottleneck location on a freeway, in this case consisting of a

_major merge area. For each approaching leg, and for the down-

stream freeway section; the actual volume (v), the demand (d),
and the capacity (c) of the segment are given. Capacity is

the primary constraint on the facility. As shown in Figure 9.1,
the capacity is 2,000 veh/W/In, so that the capacity of the two-

lane approach legs are 4,000 veh/h each, and the capacity-of the
downstream freeway, which has three lanes, is 6,000 veh/h.

for the situation as described. On Approach 1, the true demay;
is 3,800 veh/h and the capacity is 4,000 veh/h. On Approach}
the true demand is 3,600 vel/h and the capacity is also 4,
veh/h. There is no capacity deficiency on either approach
Downstream of the merge, however, the capacity is 6,00
veh/h, but the sum of the approaching demands is 3,800 +
3,600 = 7,400 veh/h. This exceeds the capacity of the segmen
Given this scenario, what can we expect to observe?

* Any volume count downstream of the merge canny
exceed 6,000 veh/h for as long as the illustrated con
ditions exist. A count of 6,000 veh/h is expected.

- * Because of the capacity deficiency downstream of i
merge, a queue of vehicles will begin to form an
propagate upstream on both approaches.

« If a count of entering vehicles on both approachesi
taken upstream of the forming queues, the tne
demand would be counted on each approach, assin-
ing there has been no diversion of vehicles to altem:
tive routes.

« If a count of approaching vehicles is taken within e
forming queues, they would be unstable in both timt
and space, but their total should not exceed 6,000 :
veh/h, the capacity of the downstream freeway sectior

A final question is also interesting: Given that queu
are observed on both approaches, is it reasonable to assum

¢ = capacity
d = demand

~ v=volume

VWA = queueing area

¢ = 4,000 vph
d = 3,600 vph
v = 3,600 vph

Figure 9.1: Volume, Demand, and Capacity at a Bottleneck Location
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(hat the downstream count of 6,000 veh/h is a direct measure-
ment of the capacity of the section? This issue involves a
aumber of subtleties.

The existence of queues on both approaches certainly
suggests that the downstream section has experienced capac-
ity flow. Capacity, however, is defined as the maximum flow
ate that can be achieved under stable operating conditions
(i.c., without breakdown). Thus capacity would most pre-
cisely be the flow rate for the period immediately preceding
the formation of queues. After the queues have formed, flow
is in the “queue discharge™ mode, and the flow rates and vol-
umes measured may be equal to, less than, or even more than

i capacity. In practical terms, however, the queue discharge
- capacity may be more important than the stable-flow value,

which is, in many cases, a transient that cannot be maintained

* for long periods of time.

As you can see from this illustration, volume (or rate of
flow) can be counted anywhere and a result achieved. In a
situation where queuing exists, it is reasonable to assume that
downstream flows represent either capacity or queue discharge
conditions. Demand, however, is much more difficult to
address. Although queued vehicles can be added to counts, this
is not necessarily a measure of true demand. True demand
contains elements that go well beyond queued vehicles at an
isolated location. Determining true demand requires an esti-
mation of how many motorists changed their routes to avoid
the subject location. It also requires knowledge of motorists
who either traveled to alternative destinations or who simply
decided to stay home (and not travel) as a result of congestion.

Figure 9.2 illustrates the impact of a capacity constraint
on traffic counts. Part (a) shows a plot of demand and capac-
ity. The demand shown would be observable if it were not
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clear that a capacity constraint is present. Part (b) shows what
will actually occur. Volume can never rise to a level higher
than capacity. Thus actual counts peak at capacity. Because
not all vehicles arriving can be accommodated, the peak
period of flow is essentially lengthened until all vehicles can
be served. The result is that observed counts will indicate that
the peak flow rate is approximately the same as capacity and
that it occurs over an extended period of time. The volume
distribution looks as if someone took the demand distribution
and flattened it out with their hand.

The difference between observed volume counts and
true demand can have some interesting consequences when
the difference is not recognized and included in planning and
design. Figure 9.3 illustrates an interesting case of a freeway
section consisting of four ramps.

From Figure 9.3, the amving demand volume on
Segment 3 of 3,700 veh/h exceeds its capacity of 3,400 veh/h.
From the point of view of counts taken within each segment,
3,400 veh/h will be observed in Segment 3. Because only
3,400 veh/h are output from Segment 3, the downstream counts

- in Segments 4 and 5 will be lower than their true demand. In
this case, the counts shown reflect a proportional distribution of
volume to the various ramps, using the same distribution as
reflected in the demand values. The capacities of Segments
4 and 5 are not exceeded by these counts. Upstream counts in
Segments 1 and 2 will be unstable and will reflect the transient
state of the queue during the count period.

® o @f'@@
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(a) True Demand
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(b) Segment Capacities
? 9 3400vph 2941 vph 2573 vph
S A N\
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(c) Observed Volumes

Figure 9.3: Effect of a Bottleneck on Observed Volumes

Assume that as a result of this study, a decision is mag,
to add a lane to Segment 3, essentially-increasing its capacit
to a value larger than the demand of 3,700 veh/h. Once thisj,
done, the volume now discharged into Segment 4 is 3,2
veh/h, more than the capacity of 3,000 veh/h. This secondan
bottleneck, often referred to as a “hidden bottleneck,” wy
not apparent in the volume data originally obtained. It w
not obvious because the existing demand was constraine
from reaching the segment due to an upstream bottleneck
Such a constraint is often referred to as “demand starvation”

In designing corrective highway improvements, itis

+ critical that all downstream points be evaluated properly (o

identify such hidden bottlenecks. In the case illustrated, the
improvement project would have to address both the existing
and hidden bottlenecks to achieve a successful result.

The case of a freeway bottleneck is relatively simple to
analyze because the number of entry and exit points are
limited and the number of available alternative routes is gener
ally small. On arterials, however, the situation is far more com-
plex because every intersection represents a diversion opporty |

large. Thus the demand response to an arterial bottleneck i
much harder to discern. An arterial may also have a number !
overlapping. bottlenecks, further complicating the analysis. Il
several consecutive signalized intersections, for example, ar

failing, it is difficult to trace the impacts. Is an upstream signd

apparently failing because it is inadequate, or because a quett

from the downstream signal has blocked the intersection?

On arterial systems, it is often impossible to measurt
existing demand, except in cases where there are no capacilf
constraints. Later in this chapter, a method for discernin’
intersection approach demand from observed volumes ina
capacity-constrained case is discussed. It applies, howeve.
only to an isolated breakdown and does not account for
the effects of diversion. Congestion in a surface stred
network severely distorts demand patterns, and observel
volumes are more a reflection of capacity constraints that
true demand. )

You should be aware that the terms volume and deman!
are often used imprecisely, even in the technical literature. |
is often necessary to discern the true meaning of these term
from the context in which they are used.

In the final analysis, volume counts always result inal
observation of “volume.” Depending on the circumstance®
observed volumes may be equivalent to demand, to capacity, ¥
to neither. The traffic engineer must, however, gain sufficie
insight through counting studies and programs to recogni?
which situation exists and to incorporate this properly into ¥
interpretation of the study data and the development ¢
improvement plans.

—
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9.3 Volume Characteristics

If traffic distributed itself uniformly among the 365 X 24 =
8.760 hours of the year, there is not a location in the nation that
“:ould experience congestion or significant delay. The problem
jor traffic engineers, of course, is that there are strong peaks
Juring a typical day, caused primarily by commuters going to
und from work. Depending on the specific region and location,
the peak hour of the day typically contains from 9% to 15% of
the 24-hour volume. In remote or rural areas, the percentage
can go much higher, but the volumes are much lower in these
surroundings.

The traffic engineer, therefore, must deal with the travel
preferences of our society in planning, designing, and operat-
ing highway systems. In some dense urban areas, policies to
induce spreading of the peak have been attempted, including
the institution of flex-hours or days and/or variable pricing
policies for toll and parking facilities. Nevertheless, the traffic
engineer must still face the fundamental problem: Traffic
Jemand varies in time in ways that are quite inefficient.
Demand varies by time of day, by day of the week, by month
or season of the year, and in response to singular events (both

planned and unplanned) such as construction detours, acci- -
dents or other incidents, and even severe weather. Modern -
intelligent transportation system (ITS) technologies increas--

ingly try to manage demand on a real-time basis by providing
information on routes, current travel times, and related condi-

tions directly to drivers. This is a rapidly growing technology

sector, but its'impac{s_. have not yet been well documented.
One of the many reasons for doing volume studies is to
document these complex variation patterns and to evaluate the

impact of ITS technologies and other measures on traffic

demand.

9.3.1 Hourly Traffic Variation Patterns:
- The Phenomenon of the Peak Hour

When hourly traffic pattems are contemplated, we have been
conditioned to think in terms of two “peak hours” of the day:
moming and evening. Dominated by commuters going to work
n the moming (usually between 7 AM and 10 AM) and returning
in the evening (usually between 4 pM and 7 PM), these patterns
end to be repetitive and more predictable than other facets of
traffic demand. This so-called typical pattern holds only for
weekday travel, and modern evidence may suggest that this
Patiern is not as typical as we have been inclined to accept.
Figure 9.4 shows a number of hourly variation patterns
documented in the Highway Capacity Manual [1), compiled

’

from References 2 and 3. In part (a) of Figure 9.4, hourly
distributions for rural highways are depicted. Only the weekday
pattern on a local rural route displays the expected aM and PM
peak pattems. Intercity, recreational, and local weekend traffic
distributions have only a single, more dispersed peak occurring
across the mid- to late afternoon. In part (b), weekday data from
four urban sites are shown in a single direction. Sites 1 and 3 are
in the opposite direction from Sites 2 and 4, which are only two
blocks apart on the same facility. Whereas Sites 2 and 4 show
clear am peaks, traffic after the peak stays relatively high and
surprisingly —uniform for most of the day. Sites 1 and 3, in the
opposite direction, show evening peaks, with Site 3 also
displaying considerable off-peak hour traffic volume. Only
Site 1 shows a strong PM peak with significantly less traffic
during other portions of the day.

The absence of clear AM and pM peaks in many major
urban areas is a spreading phenomenon. On one major facility,
the Long Island Expressway (I-495) in New York, a recent
study showed that on a typical weekday, only one peak was dis-
cemible in traffic volume data—and it lasted for 10 to 12 hours
per day. This charactenstic is a direct result of system capacity
constraints. Everyone who would like to drive during the

- normal peak hours cannot be accommodated. Because of this,

individuals begin to make travel choices that allow them to
increasingly travel during the “off-peak” hours. This process
continues until off-peak periods are virtually impossible to
separate from peak periods. '

Figure 9.4 (b) displays another interesting characteristic
of note. The outer lines of each plot show the 95% confidence

intervals for hourly volumes over the course of one year. Traffic
.engineers depend on the basic repeatability of peak-hour traffic

demands. The variation in these volumes in Figure 9.4 (b),
however, 1s not insignificant. During the course of any given

~+... year, there are 365 peak hours at any location, one for each day

of the year. This is question for the traffic engineer: Which one
should be used for planning, design, and operations?

Frgure 9.5 shows plots of peak-hour volumes (as a per-
centage of annual average daily travel [ADT]) in decreasing
order for a variety of facilities in Minnesota. In all cases, there
is clearly a “highest” peak hour of the year. The difference
between this highest peak and the bulk of the year’s peak hours,
however, depends on the type of facility. The recreational route
has the greatest disparity.

This is not unexpected because traffic on such a route
will tend to have enormous peaks during the appropriate
season on weekends, with far less traffic on a “normal” day.
The main rural route has less of a disparity, as at least some
component of traffic consists of regular commuters. Urban
roadways show far less of a gap between the highest hour and
the bulk of peak hours.
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Figure 9.4: Examples of Hourly Volume Vaniation Patterns

(Source: Used with permission of Transportation Research Board, Highway Capacity Manual, 4th Edition, Washington DC, 2000,
Exhibits 8-6 and 8-7, pp. 8-6 and 8-7, repeated from References 2 and 3.)




9.3 VOLUME CHARACTERISTICS

171

Hour Volume as Percent of AADT

— — — Recreation Access Route MN 169
= Main Rural Route I-35

-+ Urban Circumferential Freeway 1-494
----Urban Radial Freeway [-35E

| | |
100 200 300

Figure 9.5: Peak Hours as a Percentage of AADT

Exhibit 8-8, p. 8-8.)

(Source: Used with bemission of Transportation Research Board, Highway Capacity Manual, 4th Edition, Washing!bn DC, 2000,

It is interesting to examine the various peak hours for the
types of facilities illustrated in Figure 9.5, which represents
data from various facilities in Minnesota. Table 9.1 tabulates
the percentage:of AADT occurring within designated peak
hours for the facility types represented. '

The choice of which peak hour to use as a basis for
planning, design, and operations is most critical for the recre-
ational access route. In this case, the highest hour of the year
carries twice as much traffic as the 200th peak hour of the
vear and 1.36 times that of the 30th hour of the year. In

_the two urban cases, the highest hour of the year is only 1.2
times the 200th highest hour. .

Historically, the 30th highest hour has been used in

wral planning, design, and operations. There are two primary

Table 9.1: Key Values from Figure 9.5

arguments for such a policy: (1) the target demand would be
exceeded only 29 times per year, and (2) the 30th peak hour
generally marks a point where subsequent peak hours have

~ similar volumes. The latter defines a point on many relation-

ships where the curve begins to “flatten out.” a range of

" demands where it is deemed economic to invest in additional

roadway capacity. -

In urban settings, the choice of a design hour is far less-
clear and has far less impact. Typical design hours selected
range from the 30th highest hour to the 100th highest hour.
For the facilities of Figure 9.5. this choice represents a range
from 10.5% to 10.0% of AADT. With'an AADT of 80,000

veh/day, for example, this range is a difference of only 400
veh/h in demand. '

Percent of AADT Occurring in the ___ Peak Hour

Type of Facility Ist 30th 100th 200th
Recreational Access 30.0% 22.0% 18.0% 15.0%
Main Rural _ 15.0% 13.0% 10.0% 9.0%
Urban Circumferential Freeway 11.5% 10.5% 10.0% 9.5%
Urban Radial Freeway 11.5% 10.5% 10.0% 9.5%
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9.3.2 Subhourly Variation Patterns:
Flow Rates Versus Volumes

In Chapter 5, we noted that peaking of traffic flows within the
peak hour often needed to be considered in design and opera-
tions. The peak hour factor (PHF) was defined as a means of
quantifying the difference between a maximum flow rate and
the hourly volume within the peak hour. Figure 9.6 shows the
difference among 5-minute, 15-minute, and peak hourly flow
rates from a freeway location in Minnesota.
Flow rates can be measured for almost any period of time.
For research purposes, periods from one to five minutes have
frequently been used. Very small increments of time, however,
become impractical at some point. In a two-second interval, the
range of volumes in a given lane would be limited to “0” or “1,”
and flow rates would be statistically meaningless.
- For most traffic engineering applications, 15 minutes is
the standard time period used, primarily based on the belief that
this is the shortest period of time over which flow rates are

. “statistically stable.” Statistically stable implies that reasonable

relationships can be calibrated among flow parameters, such as
flow rate, speed, and density. In recent years, there is some
thought that five-minute flow rates might qualify as statistically
stable, particularly on freeway facilities. Practice, however,
continues touse 15 nunutcsashcstandardpcnod for flow rates.

The choice, however, has- major implications. In
Figure 9.6, the highest 5-minute rate of flow is 2,200 veh/h/In;
-the highest 15-minute rate of flow is 2,050 veh/h/ln; the peak
hour volume is 1,630 veh/h/In. Selecting a 15-minute base
period for design and analysis means that, in this case, the

* demand flow rate (assuming no capacity constraints) would

be 2,050 veh//In. This value is 7% lower than the peak five-
minute flow rate and 20% higher than the peak-hour volume.
In real design terms, these differences could translate into a
design with one more or fewer lanes or differences in other
geometric and control features. The use of 15-minute flow
periods also implies that breakdowns of a shorter duration do
not cause the kinds of instabilities that accompany break-
downs extending for 15 minutes or more.

9.3.3 Daily Variation Patterns

Traffic volumes also conform to daily variation patterns that -

are caused by the type of land uses and trip purposes served by
the facility. Figure 9.7 illustrates some typical relationships.

The recreational access route displays strong peaks on
Fridays and Sundays. This is a typical pattern for such routes
because motorists leave the city for recreational areas on
Fridays, returning on Sundays. Mondays through Thulsdays

have far less traffic demand, although Monday is somewhy:

higher than other weekdays due to séifie vacationers returmng

after the weekend rather than on Sunday.

The suburban freeway obviously caters to commutcu_f
Commuter trips are virtually a mirror image of recreation

trips, with peaks occurring on weekdays and lower demay
on weekends. The main rural route in this exhibit has a patten
similar to the recreational route but with less variatiy
between the weekdays and weekends. The route serves by

recreational and commuter trips, and the mix tends to dampe

the amount of variation observed.

9.3.4 Monthly or Seasonal Variation

Patterns

Figure 9.8 illustrates typical monthly volume variation pattems
Recreational routes will have strong peaks occurring during e
appropriate seasons (i.e., summer for beaches, winter fu:

skiing). Commuter routes often show similar patterns with s

variability. In Figure 8.8, recreational routes display monthl
ADTs that range from 77% to 158% of the AADT. Commutz
routes, although showing similar peaking periods, han
monthly ADTs ranging from 82% to 119% of AADT. '

It might be expected that commuter routes would show:
trend opposite to recreational routes (i.e., if recreational routes
are peaking in the summer, then commuter routes should has
less traffic during those penods) The problem is that few faci
ities are purely recreational or commuter; there is ‘always sont
mix present. Further, much recreational travel is done by inhab-
itants of the region in question; the same motorists may be p!
of both the recreational and commuter demand during the sam_
months: There are, however, some areas in which commut:
traffic does clearly decline during summer recreational months
The distributions shown here are illustrative; different distribe
tions are possible, and they do occur in other regions.

.9.3.5 Some Final Thoughts on Volume

Variation Patterns

One of the most difficult problems in traffic engineering
that we are continually planning and designing for a dema
that represents a peak flow rate within a peak hour on a ped
day during a peak season. When we are successful, the resul
ing facilities are underused most of the time.

Itis only through the careful documentation of these v
ation patterns, however, that the traffic engineer can know ¥
impact of this underutilization. Knowing the volume variati”’
patterns governing a particular area or location is critical

CHAPTER9 VOLUME STUDIES AND CHARACTERISHCS, 9.
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Fig 8-10, p. 8-10.)
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Figure 9.6: Variations of Flow Within the Peak Hour
(Source: Used with permission of Transportation Research Board, Highway Capacity Man

" Time Period

ual, 4th Edition, Washing!pn DC, 2000,

finding appropriate design and control measures to optimize
Operations. It is also important to document these patterns so
that estimates of an AADT can be discerned from data taken for
- Much shorter time periods. It is simply impractical to count
_ every location for a full year to determine AADT and related

.

o

demand factors. Counts taken over a shorter period of time can,
however, be adjusted to reflect a yearly average or a peak
occurring during another part of the year, if the variation
patterns are known and well documented. These concepts are
illustrated and applied in the sections that follow.
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2 2

Daily Traffic (as Percent of Total Weekly Traffic)

8 1 | | [ | 8
o Mon Tues Wed Thur Fri Sat  Sun

~ - Day of Week

semseemmeesss Main rural route I-35, Southern Minnesota, AADT 10,823, 4 lanes, 1980

----- Recreational access route MN 169, North-Central Lake Region, AADT 3,863, 2 lanes, 1981
Suburban freeway, four Ireeways in Minneapolis-St. Paul, AADTS: 75,000-130,000, 6-8 lanes, 1982
| -=——e=Average day

. Figure9. 7 Typlcal Daily Volume Variation Patlems

(Source: Used with permlssmn of Transportation Research Board H:ghway Capacity Manual, 4th Edition, Washington DC, 2000,
Exhlbit 8-4,p.8-5) -

‘one crew chief to time count periods and breaks.

No single location is more complex in a traffic system than an

at-grade intersection. At a typical four-leg intersection, there P, | )
are 12 separate movements—let, through, and right from each 9.4.1 Arrival Versus Departure Volumes:

leg. If a count of intersection volumes is desired, with : A Key Issue for Intersection Studies
each movement classified by cars, taxis, trucks, and buses,
each count period requires the observation of 12 X 4 = 48 sep- At most intersections, volumes are counted as they depart ¢

arate pieces of data. intersection. This is done both for convenience and becaus
When intersections are counted manually (and they often turning movements cannot be fully resolved until vehick®
are), observers must be positioned properly to see the move- exit the intersection. Although this approach is fine wher

ments they are counting. It is doubtful that an inexperienced there is no capacity constraint (i.e., an unstable buildup ¢
counter could observe and classify more than one major or two queues on the approach), it is not acceptable where deman
minor movements simultaneously. For heavily used multilane exceeds the capacity of the approach. In such cases, it is D¢
approaches, it may be necessary to use separate observers for essary o observe arrival volumes because these are a Mot
different lanes. In manual intersection studies, short-break and accurate reflection of demand.

alternating-period approaches are almost always combined to At signalized intersections, “unstable queue buildup” *
reduce the number of observers needed. Rarely, however, can detected when vehicles quened during a red interval are not full

| 9.4 Intersection Volume Studies ‘an intersection be counted with fewer than four observers, it
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Routes with Significant Recreational Traffic
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(Source: Used with permission of Transportation Research Board, Highway Capacity Manual, 4th Edition, Washington DC, 2000,
| Exhibit8-2,p.83.) . - !

cleared during the next green interval.At unsignalized intersec-
tions, “unstable queue buildup” can be identified by queues that
hecome larger during each successive counting period.

where: V,; = arrival volume during period i, vehs
V4 = departure volume during period i, vehs

Direct observation of arrival volumes at an intersection - N = r.mrnbcr of queued vehicles at the end of period
| isdifficult because the queue is dynamic. As the queue grows i, vehs ‘
and declines, the point of “arrival” changes. Therefore, the Ny(i1) = number of queued vehicles at the end of period
technique used to count arrival volumes is to count departure i-1, vehs

volumes and the number of queued vehicles at periodic inter-
vals. For signalized approaches, the size of the queue would
be recorded at the beginning of each red phase. This identifies

Estimates of arrival volume using this procedure iden-
tify only the localized arrival volume. This procedure does not

(r; the “residual queue” of vehicles that arrived during the previ- ideglifjr diverted vehicles or fhe number of trips that were not
Jf ©us signal cycle but were not serviced. For unsignalized made due to general congestion levels. Thus although arrival
n

volumes do represent localized demand, they do not measure
diverted or repressed demand. Table 9.2 shows sample study
data using this procedure to estimate arrival volumes.

Note that the study is set up so the first and last count
periods do not have residual queues. Also, the total depar-
ture and arrival counts are the same, but the conversion from

\ ‘

ipproaches, the queue is counted at the end of each count
meriod. When such an approach is followed, the arrival vol-
ume is estimated as follows:

V= Vg + Nq‘. - Nqu-n (9-1)
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Table 9.2: Estimating Arrival Volumes from Departure Counts: An Example

Time Period Departure Count Queue Length Arrival Volume
(Pm) (vehs) (vehs) (vehs)
4:00-4:15 50 0 50
4:15-4:30 55 0 55
4:30-4:45 62 5 62+5=67
4:45-5:00 65 10 65+10—-5=70
5:00-5:15 60 12 60+12—10=62
5:15-5:30 ) 60 5 60+5-12=53
5:30-5:45 62 0 62—-5=57
5:45-6:00 55 0 55
Total 469 469

departures to arrivals causes a shift in the distribution of
volumes by time period. Based on departure counts, the
maximum |5-minute volume is 65 vehicles, or a flow rate of
65/0.25 = 260 veh/h. Using arrival counts, the maximum
15-minute voluie is 70, or a flow rate of 70/0.25 = 280

" *velvh. The difference is important because the higher arrival

flow rate (assuming that the study encompasses the peak

period) represents a value that would be valid for use in .

planning, design, or operations.

9.4.2 Special Considerations for
Signalized Intersections

At signalized intersections, count procedures are both simpli-
fied and more complicated at the same time. For manual
observers, the signalized intersection simplifies counting
because not all movements are flowing at the same time. An
observer who can normally count only one through movement
at a time could actually count two such movements in the
same count period by selecting, for example, the eastbound
and northbound through movements. These two operate

" during different phases of the signal.

Count periods at signalized intersections, however, must
be equal multiples of the cycle length. Further, actual counting
times (exclusive of breaks) must also be equal multiples of the
cycle length. This is to guarantee that all movements get the
same number of green phases within a count period. Thus, for a
60-second signal cycle, a4 of S-minute counting procedure may
be employed. For a %0-second cycle, however, neither 4 nor 5
minutes are equal multiples of 90 seconds (1.5 minutes). For a
90-second cycle, a counting process of 12 of 15 minutes would
be appropriate, as would 4.5 of 6 minutes.

Actuated signals present special problems because boi
cycle lengths and green splits vary from cycle to cycle, Cou
periods are generally set to encompass a minimum of fi:
signal cycles, using the maximum cycle length as a guide. 'I‘I:lj

- actual counting sequence is arbitrarily chosen to reflect thi

principle, but it is not possible to assure equal numbers
phases for each movement in each count period. This is n'
viewed as a major difficulty because the premise of actuate
signalization is that green times should be allocated propor
tionally to vehicle demands present during each cycle.

9.4.3 Présentation of lnterséction :
Volume Data i

Intersection volume data may be summarized and presentel
in a variety of-ways. Simple tabular arrays can summarix
counts for each count period by movement. Breakdowns b
vehicle type are also most easily depicted in tables. Mot
elaborate graphic presentations are most often prepared I
depict peak-hour and/or full-day volumes. Figures 9.9 ax
9.10 illustrate common forms for display of peak-hour0
daily data. The first is a graphic intersection summan
diagram that allows simple entry of data on a predesigne
graphic form. The second is an intersection flow diagram ¥
which the thickness of flow lines is based on relative volumes

9.5 Limited Network Volume
Studies |

Consider the following proposition: A volume study is to ¥
made covering the period from 6 AM to 12 midnight on ¥
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Observer: R. Roess
City: Metrotech City

GRAPHIC SUMMARY OF VEHICLE MOVEMENTS

Intersection: McShane Blvd and Prassas Ave
Date: 20 May 97 Time/Day: Monday, 4-5 PM
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Figure 9.9: Graphic Intersection Summary Diagram

set network comprising midtown Manhattan (i.e., from
h Street to 59th Street, st Avenue to 12th Avenue).
hough this is a very big network, including over 500 street
ts and 500 intersections, it is not the entire city of
w York, nor is it a statewide network.

Nevertheless, the size of the network is daunting for a
iple reason: 1t is virtually impossible to acquire and train
ficient personnel to count all of these locations at the
1e time. Further, it would be impractically expensive to
and acquire sufficient portable counting equipment to do
To conduct this study, it will be necessary to employ
ipling techniques (i.e., not all locations within the study

area will be counted at the same time or even on the same
day). Statistical manipulation based on these samples will be
required to produce an hourly volume map of the network
for each hour of the intended survey period, or for an aver-
age peak period.

Such “limited” networks exist in both small towns and
large cities and around other major trip generators, such as
airports, sports facilities, shopping malls, and other activity
centers. Volume studies on such networks involve individual
planning and some knowledge of basic characteristics, such
as location of major generators and the nature of traffic on
various facilities (local versus through users, for example).
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Figure 9.10: An 1mcrsecuon Flow Diagram ;
(Source: Used with permission of Institute for Transponatlon Engineers, Tmﬁspana:mn and Tm_ﬁic Engineering Handbook, 1st Ed:non‘ _
Washington DC, 1976, p. 410.) ;

‘The establishment of a reasonable sanip]ing methodology will portion of the study period, in accordance with
require judgment based on such local familiarity. ' preestablished sampling plan.

Sampling procedures rely on the assumption that entire 1 _ e :
networks, or identifiable subportions of networks, have similar. - - are di t{mﬂsi :?; tfh;’;r use in volume analys
demand patterns in time. If these patterns can be measured at a f ofiow.
few locations, the pattern can be superimposed on sample
measurements from other locations in the network. To imple-
ment such a procedure, two types of counts are conducted: 3.5.1 Control Counts

* Control counts. Control counts are taken at selected Because control counts will be used to expand and adjust ¥
representative locations to measure and quantify results of coverage counts throughout the network und?
demand variation patterns in time. In general, control study, it is critical that representative control-count locatio®
counts must be maintained continuously throughout be properly selected. The hourly and daily variation patter®
the study period. observed at a control count must be representative of a Jag?

* Coverage counts. Coverage counts are taken at all portion of the network if the sampling procedure is 10 ¥
locations for which data is needed. They are conducted accurate and meaningful. Remember that volume variati®
as samples, with each location being counted for only a patterns are generated by land-use characteristics and by ¥
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« of traffic, particularly the percentages of through versus
ally generaled traffic in the traffic stream. With these
nciples in mind, some general guidelines can be used in the
ection of appropriate control-count locations:

1. There should be one control-count location for every
10 to 20 coverage-count locations to be sampled.

2. Different control-count locations should be estab-
lished for each class of facility in the network—
local streets, collectors, arterials, and so on, because
different classes of facilities serve different mixes of
through and local traffic.

3. Different control-count locations should be estab-
lished for portions of the network with markedly
different land-use characteristics.

These are only general guidelines. The engineer must
srcise judgment and use his or her knowledge of the area
der study to identify appropriate control-count locations.

52 Coverage Counts

| locations at which sample counts will be taken are called
verage counts. All coverage counts (and control counts as
A1) in a network study are taken at midblock locations to
oid the difficulty of separately recording turning move-
:nts. Each link of the network is counted at least once dur-
1 the study period. Intersection turning movements may be
proximately inferred from successive _link volumes, and,

when necessary, supplementary intersection counts can be
taken. Counts at midblock locations allow for the use of
portable automated counters, although the duration of some
coverage counts may be too short to justify their use.

9.5.3 An lllustrative Study

The types of computations involved in expanding and adjust-
ing sample network counts is best described by a simple
example. Figure 9.11 shows one segment of a larger network
that has been identified as having reasonably uniform traffic
patterns in time. The network segment has seven links, one of
which has been established as a control-count location. Each
of the other six links are coverage-count locations at which
sample counts will be conducted. The various proposed study
procedures all assume there are only two field crews or auto-
mated counters that can be employed simultaneously in this
segment of the network. A study procedure is needed to find
the volume on each link of the network between 12 noon and

.8:00 pM on a typical weekday. Three different approaches are

discussed. They are typical and not the only approaches that
could be used. However, they illustrate all of the expansion

-and adjustment computations involved in such studies.

A One-Day Stugy Plan

It is possible to complete the study in a single day. One of the
two available crews or setups would be used to count Control
Location A for the entire eight-hour period of the study.

L @-

@6

1@

@.ﬁ.

Figure 9.11: A Sample Network Volume Study
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The second crew or set-up would be used to count each of
Coverage Locations | to 6 for one hour. Table 9.3 shows the
sample data and analysis resulting from this approach.

Note that full-hour data is shown. This data reflects
expansion of actual counts for break periods. If machine

counts were conducted, they would also reflect the conversig,
of axle counts to vehicle counts.

In Table 9.3 (b), the control-count data are used
quantify the hourly variation pattern observed. It is noy
assumed that this pattern applies to all of coverage location

Table 9.3: Data and Computations for a One-Day Network Volume Study

Control-Count Data Location A Coverage-Count Data
Time (pm) Count (vehs) Location Time (pMm) Count (vehs)
12-1 825 | 12-1 840
1-2 811 2 1-2 625
2-3 912 3 2-3 600
34 : 975 4 4-5 390
4-5 1,056 5 5-6 1,215
5-6 1,153 " 6 6-7 1,440
6-17 o 938 :
7-8 397 :
(a) 'I')'éta from a One-Day Study
Time (M) Count (vehs) Proportion of 8-Hour Total
1241 -85 825/7,067=0.117
1-2 - 811 811/7,067=0.115
-2-3 912 912/7,067 =0.129 ;
34 975 975/7,067 =0.138 ‘
45 1,056 1,056/7,067 =0.149
5-6 1,153 1,153/7,067 =0.163 |
6-7 938 938/7,067 =0.133
7-8 397 39717,067 =0.056
Total 7,067 1.000
(b) Computation of Hourly Volume Proportions From Conlrol-(fwnt Data
: Count Estimated 8-Hr Estimated Peak
Location Time (pM) (vehs) Volume (vehs) Hour Volume (vehs)
| 12-1 840 840/0.117=17,179 X 0.163=1,170
2 1-2 625 625/0.115=5,435 X 0.163 =886
3 2-3 600 600/0.129 =4,651 x0.163=758
4 4-5 390 390/0.149=2,617 . X 0.163=427
5 56 1,215 1,215/0.163 =7,454 x0.163=1,215
6 6-7 1,440 1,440/0.133 = 10,827 X 0.163=1,765

(c) Expansion of Hourly Counts
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«ithin the network. Thus a count of 840 vehicles at location
| would represent 0.117 (or 11.7%) of the eight-hour total at
(his location. The eight-hour total can then be estimated as
g40/0.117 = 7,179 vehicles. Moreover, the peak-hour
volume can be estimated as 0.163 X 7,179 = 1,170 vehicles
because the hourly distribution shows that the highest
colume hour contains 0.163 (or 16.3%) of the eight-hour
colume. Note that this expansion of data results in estimates
Jf eight-hour and peak-hour volumes at each of the seven
-ount locations that represent the day on which the counts
ere taken. Daily and seasonal variations have not
sen eliminated by this study technique. Volumes for the
ntire network, however, have been estimated for common
me peﬁOdS.

A Multiday Study

a the one-day study approach, each coverage location was
ounted for one hour. Based on hourly variation patterns
locumented at the control location, these counts were
xpanded into eight-hour volume estimates. Hourly variation
atterns, however, are not as stable as variations over larger
eriods of time. For this reason, it could be argued that a
etter approach would be to count each coverage location for
full eight hours.

Given the limitation to two simultaneous counts due to
ersonnel and/or equipment, such a study would take place
ver six days. One crew would monitor the control location
yr the entire period of the study, and the second would count

“one coverage location for eight hours on each of six days. . -

The data and computations associated with a 6-day
udy are ‘illustrated in Table 9.4. In this case, hourly
wterns do not have to be modeled because each coverage
cation is counted for every hour of the study period.
nfortunately, the counts are spread over six days, over
hich volume may vary considerably at any given location.
this case, the control data are used to quantify the under-
ing daily vaniation pattern. These data are used to adjust
e coverage data.

Daily volume variations are quantified in terms of
lustment factors defined as follows: the volume for a given
y multiplied by the factor yields a volume for the average
y of the study period. Stated mathematically:

Va = V'F Vi (9—2)

iere V, = for the average day of the study period, vehs
V; = for day i
F,; = factor for day i

©

Using data from the control location, at which the aver-
age volume will be known, adjustment factors for each day of
the study may be computed as: =

Fi= Vv, 9-3)

where all terms are as previously defined. Factors for the
sample study are calibrated in Table 9.4 (b). Coverage counts
are adjusted using Equation 9-2 in Table 9.4 (c).

The results represent the average eight-hour volumes
for all locations for the six-day period of the study. Seasonal
variations are not accounted for, nor are weekend days, which
were excluded from the study.

A Mixed Approach: A Three-Day Study

The first two approaches can be combined. If a one-day study
is not deemed appropriate due to the estimation of eight-hour
volumes based on one-hour observations, and the six-day
study is too expensive, a three-day study program can be
devised in which each coverage location is counted for four
hours. on one of three days. The control location would have
to be counted for the entire three-day study period; results
would be used to calibrate the distribution of volume by four-
hour period and by day. '

. In this approach, four-hour coverage counts must be
(1) expanded to reflect the full eight-hour study period, and
(2) adjusted to reflect the average day of the three-day study
period. Table 9.5 illustrates the data and computations for the
three-day study approach.

 Note that in expanding the four-hour coverage counts to

. eight hours, the proportional split of volume varied from day

to day. The expansions used the proportion appropriate to the
day of the count. Because the variation was not great, how-
ever, it would have been equally justifiable to use the average
hourly split for all three days.

Again, the results obtained represent the particular

three-day period over which the counts were conducted.

Volume variations involving other days of the week or sea-
sonal factors are not considered. )

The three approaches detailed in this section are illus-
trative. Expansion and adjustment of coverage counts based
on control observations can be organized in many different
ways, covering any network size and study period. The
selection of control locations involves much judgment, and
the success of any particular study depends on the quality
of the judgment exercised in designing the study. The traffic
engineer must design each study to achieve the particular
information goals at hand.
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Table 9.4: Data and Computations for a Six-Day Study Option

i

Control-Count Data Location A Coverage-Count Data
8-Hour Count 8-Hour Count
Day (vehs) Coverage Location Day (vehs)
Monday 1 7,000 1 Monday | 6,500
Tuesday 1,700 2 Tuesday 6,200
Wednesday 7,700 3 Wednesday 6,000
Thursday 8,400 4 Thursday 7,100
Friday 7,000 5 Friday 7,800
Monday 2 6,300 6 Monday 2 5,400
(a) Data for a Six-Day Study
Day 8-Hour Count (vehs) Adjustment Factor
Monday 1 7,000 | 7,350/7,000 = 1.05
Tuesday 7,700 7,350/7,700=0.95"
Wednesday 1,700 1,350/7,700 =0.95
“Thursday 8,400 - 7,350/8,400 = 0.88
Friday 7,000 7,350/7,000 = 1.05
‘Monday 2 6,300 7,350/6,300 = 1.17
Total 44,100
Average 44,100/6=7350 -
(b) C{‘)Illpll_l-f‘lﬁ(]_l_l of Daily Adjustment Factors
'_ Station Day" 8-Hour Count (\"ehs) Adjusted 8-Hour Count (vehs)
1 Mpﬁday_ | 6,500 X 1.05=6,825
2 Tuesday 16,200 X0.95 = 5,890
3 Wednesday 6,000 x0.95=5,700
4 Thursday 7,100 X 0.88 = 6,248
5 ' Friday 7,800 X 1.05=8,190
6 Monday 2 5_,400 X1.17=6,318

Estimating Vehicle Miles Traveled on a Network

One output of most limited-network volume studies is an esti-
mate of the total vehicle-miles traveled (VMT) on the network
during the period of interest. The estimate is done roughly by
assuming that a vehicle counted on a link travels the entire
length of the link. This is a reasonable assumption because
some vehicles traveling only a portion of a link will be counted

(c) Adjustment of Coverage Counts

while others will not, depending on whether they cross

count location. Using the sample network of the previous ¥
tion, the eight-hour volume results of Table 9.5, and assum
all links are 0.25 miles long, Table 9.6 illustrates the estimat*
of VMT. In this case, the estimate is the average eight-1?”
VMT for the three days of the study. It cannot be expanded i*
an estimate of annual VMT without knowing more about di
and seasonal variation pattemns throughout the year.
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Table 9.5: Data and Computations for a Three-Day Study Option

Monday Tuesday Wednesday = Avg %
Time Count % of Count % of Count % of of 8
(PM) (vehs) 8 Hours (vehs) 8 Hours (vehs) 8 Hours Hours
124 3,000 42.9% 3,200 42.7% 2,800 43.8% 43.1%
4-8 4,000 57.1% 4,300 57.3% 3,600 56.2% 56.9%
© Total 7,000 100.0% 7,500 100.0% 6,400 100.0% 100.0%
= (a) Control Data and Calibration of Hourly Variation Pattern
|
8-Hour Control-
| Count Location A - Adjustment
' _ Day (vehs) Factor
Monday 7,000 6,967/7,000=1.00
el Tuesday 7,500 6,967/1,500 = 0.93
- Wednesday 6,400 6,967/6,400=1.09
Total 20,900
Average 20,900/3 = 6,967
(b) Calibration of Daily Variation Factors
8-Hour 8-Hour
- - Time Count Expanded Count Adjusted Counts
Station Day (pM) (vehs) (vehs) (vehs)
o Monday 12-4 2213 221300429=5,159 X 1.00=5,159
2 Monday 48 . 3,000 - 3,000/0.571=5,254 - X 1.00=35,254
3 Tuesday 124 2,672 .2-’672?0'427:- 6,258 % 0.93 =5,820
| 4 Tuesday 4-8 2500 | 2500/0.573=4363 % 0.93 =4,058
| 5 Wednesday 124 3,500 - 3,500/0.438=7991 X 1.09=8,710
6 Wednesday 48 | 3750 3,750/0.562 = 6,673 X1.09=7274

- (c) Expansion and Adjustment df Coierage Counts

Table 9.6: Estimation of Vehicle-Miles Traveled on a Limited Network: An Example

8-Hour Count Link Length Link VMT
Station (vehs) (mi) (veh-miles)
A 6,967 0.25 1,741.75
1 5,159 0.25 1,289.75
2 5,254 0.25 1,313.50
3 5,820 0.25 1,455.00
4 4,058 0.25 1,014.50
5 8,710 0.25 2,177.50
6 1,274 0.25 1,818.50
Network Total 10,810.50
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- Display of Network Volume Results

- As was the case with intersection volume studies, most
“detailed results of a limited network study are presented in

tabular form, some of which have been illustrated here. For
peak hours or for daily total volumes, it is often convenient to

‘provide a network flow map. This is similar to an intersection -

flow diagram in that the thickness of flow lines is propor-
tional to the volume. An example-of such a map is shown in
Figure 9.12. ' o

9.6 Statewide Counting Programs

States generally have a special interest in observing trends in
AADT, shifts within the ADT pattern, and vehicle-miles trav-
eled. These trends are used in statewide planning and for the pro-
gramming of specific highway improvement projects. In recent
years, there has been growing interest in person-miles traveled
(PMT) and in statistics for other modes of transportation. Similar
programs at the local and/or regional level are desirable for non-
state highway systems, although the cost is often prohibitive.
Following some general guidelines, as in Reference 4
for example, the state road system is divided into functional
classifications. Within each classification, a pattern of control
count locations and coverage count locations is established so
that trends can be observed. Statewide programs are similar to
limited network studies, except that the network involved is

the entire state highway system and the time frame of i
study is continuous (i.e., 365 days a year, every year).
These are some general principles for statewide programs

1. The objective of most statewide programs is to con
“duct a coverage count every year on every 2-mil
segment of -the state highway system;, with
exception of low-volume roadways (AADT < {0
veh/day) Low-volume roadways usually compris
~ about 50% of state system mileage and are classifie

~ as tertiary local roads.

2. The objective of coverage counts is to produce #
annual estimate of AADT for each coverage location

3. One control-count location is generally establish
for every 20 to 50 coverage-count locations, depend
ing on the characteristics of the region served
Criteria for establishing control locations are similé
to those used for limited networks.

4. Control-count locations can be either permant
counts or major or minor control counts, which i
representative samples. In both cases, control-couf
locations must monitor and calibrate daily variati0
patterns and monthly or seasonal variation patie
for the full 365-day year.

5. All coverage counts are for a minimum period of’
to 48 hours, eliminating the need to calibrate houl
variation patterns.
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Table 9.7: Calibration of Daily Variation Factors

Daily Adjustment

Factor (DF)

1430/1820=0.79
1430/1588 =0.90
1430/1406 = 1.02
1430/1300=1.10
1430/1289 = 1.11
1430/1275=1.12
1430/1332=1.07

Yearly Average Volume
Day for Day (vehs/day)
Monday 1820
Tuesday 1588
Wednesday 1406
Thursday 1300
Friday 1289
Saturday 1275
Sunday 1332
Total ) 10,010
Estimated AADT 1,430

At permanent count locations, fixed detection equip-
ant with data communications technology is used to provide
~ontinuous flow of volume information. Major and minor
ntrol counts are generally made using portable counters and
ad tubes. Major control counts are generally made for one
»ek during each month of the year. Minor control counts are
nerally made for one five-day (weekdays only) period in
ch season. ' :

6.1 Calibrating Daily Variation Factors

¢ illustrative data in Table 9.7 are obtained from a perma-
nt count location, At a permanent count location, data exist
rall 52 weeks of the year (i.e., for 52 Sundays, 52 Mondays,
Tuesdays, etc.). (Nole 1hal in a 365-day year, one day will
cur 53 times).

Daily variation faclors are calibrated based on the average

lumes observed during each day of the week. The base value
-factor calibration is the average of the seven daily averages,
tichis a rough estimate of the AADT (but not exact, due to the
rd piece of data for one day of the week). The factors can be
tted, as illustrated in Figure 9.13, and display a clear vaniation
(tern that can be applied to coverage count results.

Note that the sum of the seven daily adjustment factors

es not add up to 7.00 (the actual total is 7.11). This is because

the way in which the factors are defined and computed. The
ily averages are in the denominator of the calibration factors.
effect, the average factor is inverse to the average daily
lume, so that the totals would not be expected to add to 7.00.

Daily adjustment factors can also be computed from the
ults of major and/or minor control counts. In a major con-
I count, there would be 12 weeks of data, one week from

each month of the year. The daily averages, rather than
representing 52 weeks of data, reflect 12 representative weeks
of data. The calibration computations, however, are exactly
the same. -

9.6.2 Calibrating Monthly Variation
Factors -

~ Table 9.8 illustrates the calibration of monthly variation (MF)

factors from permanent count data. The monthly factors are
based on monthly ADTs that have been observed at the
permanent count location. Note that the sum of the 12 monthly
variation patterns is-not 12.00 (the actual sum is 12.29)
because the monthly ADTs are in the denominator of the
calibration.

Table 9.8 is based on permanent count data, such that
the monthly ADTs are directly measured. One seven-day
count in each month of the year would prr;duce similar values,
except that the ADT for each month would be estimated based
on a single week of data, not the entire month. This type of
procedure can yield a bias when the week in which the data
were collected varies from month to month. In effect, an ADT
for a given month is most likely to be observed in the middle
of the month (i.e., the 14th to the 16th of any month). This
statement is based on the assumption that the volume trend
within each month is unidirectional (i.e., volume grows
throughout the month or declines throughout the month).
Where a peak or low point exists within the month, this state-
ment is not true.

Figure 9.14 illustrates a plot of 12 calibrated monthly
variation factors, but one week of data is taken from each
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 Figure 9.13: Plot of Daily Variation Factors

Monday Tuesday Wednesday Thursday ~Friday Saturday Sunday

Day of Week

month. The daily variation factors are plotted against the
midpoint of the week in which the data for the month were
taken. . '
This graph may now be entered at the middle of each
month (the 15th), and adjusted faglors read from the vertical

axis. For example, in May the computed factor was (.93, and
the plot indicates that a factor computed for the middle of tha
month would have resulted in a factor of 0.96. Adjusting the
factors in this manner results in a more representative compt
tation based on monthly midpoints.

‘Table 9:8: Calibration of Monthly Variation Factors

- Total Traffic ADT for Month Monthly Factor
Month ~ (vehs) - (veh/day) _ (AADT/ADT)
January 19,840 /31 =640 7971640 = 1.25
February 16,660 128 =595 797/595 = 1.34
March 21,235 131 =685 - 797/685 = 1.16
April 24,300 130=1810 797/810 = 0.98
May 25,885 131=835 797/835 =095
June 26,280 130 =876 797/876 = 0.91
July ' 27,652 131 =892 797/892 = 0.89
August 30,008 /31 =968 7971968 = 0.82
September 28,620 130 =954 797/954 = 0.84
October 26,350 /31 =850 1971850 =0.94
November 22,290 130=1763 797163 = 1.07
December 21,731 131=101 7977701 = 1.14
Total . 290,851 AADT 290,851365 797 veh/day R
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).6.3 Grouping Data from Control
Count Locations

)n state highway networks and systems, particularly in rural
reas, it is possible for a broad region to have similar, if not
ye same, daily and/or monthly adjustment factors. In such
agions, spatially contiguous control stations on the same
lassification of highway may be combined to form a single
ontrol group. The average factors for the group may then be
pplied over a wide area with similar variation patterns. In
eneral, a statistical standard is applied to such groupings:
‘ontiguous control counts on similar highway types may be
rouped if the factors at the individual locations do not differ
y more than + 0.10 from the average for the group.

Consider the example shown in Table 9.9. The daily .
ariation factors for four consecutive control counts on a state

ighway have been calibrated as shown. It has been hypothe-
zed that the four represent regions with similar daily varia-
on patterns. Average factors have, therefore, been computed
r the four grouped stations.

The boldfaced factors indicate cases that violate the
atistical rule for grouping (i.e., differences between these
ctors and the average for the group are more than + 0.10).
his suggests that the proposed grouping is not appropriate.
ne might be tempted to remove Stations 1 and 4 from the
‘oup and combine only Stations 2 and 3. The proper tech-
que, however, is to remove one station from the group at a
ne because the resulting average factors will change. In this
¢, a cursory observation indicates that Station 4 does not
ally display a daily variation pattern similar to the others.
s station has its peak traffic (DF < 1.00) occurring during

the week, whereas the other stations have their peak traffic on
weekends. Thus Station 4 is deleted from the proposed
grouping and new averages are computed, as illustrated in

"~ Table 9.10.

Now, all factors at individual stations are within + 0.10
of the average for the group. This would be an appropriate
grouping of control stations.

9.6.4 Using the Results

Note that groups fOr daily factors:and groups for monthly fac-
tors do not have to be the same. It is convenient if they are,

* however, and it is not at all unlikely that a set of stations

grouped for one typc of factor would also be appropriate for
the other. -

Table 9.9: A Trial Grouping of Four Contiguous
Control Stations with Daily Variation Factors

DF for Station Number: Average

Day 1| 2| 3| 4 o
Monday 105 | 1.00 | 1.06 | 092 | 1.0
Tuesday 110 | 1.02 | 1.06 | 0.89 1.02
Wednesday | 1.10 | 1.05 | 1.11 | 0.97 1.06
Thursday 106 | 1.06 | 1.03 | 1.00 1.04
Friday 101 | 1.03 | 1.00 | 091 | 098
Saturday 085 | 094 | 0.90 | 1.21 0.98
Sunday 083 | 090 [ 084 | 1.10 | 092

Note: DF = daily factor.
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Table 9.10: A Second Trial Grouping of Control |
Stations with Daily Variation Factors

DF for Station Average

Day 1 2 3 (DF)
Monday 1.05 1.00 1.06 1.04
Tuesday 1.10 1.02 1.06 1.06
Wednesday 1.10 1.05 1.11 1.09
Thursday 1.06 1.06 1.03 1.05
Friday 1.01 1.03 1.00 1.01
Saturday 0.85 0.94 0.90 0.90
Sunday 0.83 0.90 0.84 0.86
Note: DF = daily factor.

The state highway agency will use its counting program

to generate basic trend data throughout the state. It will also
generate, for contiguous portions of each state highway clas-
sification, a set of daily and monthly variation factors that can
be apphod to any coverage count within the influence area of
the subject control grouping. An example of the type of data
that would be made available is shown in Table 9.11.

~ Using these tables, any coverage count for a period of
24 hours or more can be converted to an estimate of the
AADT using the following relationship:

AADT = V24,'j* DF, * MFJ (9-4)
where AADT = average annual daily traffic, vehs/day
Va4 = 24-hour volume for day i in month j, vehs
DF; = daily adjustment factor for day i
MF; = monthly adjustment factor for month j
Consider a coverage count taken at a location within the

area represented by the factors of Table 9.11. A count of 1,000
vehicles was observed on a Tuesday in July. From Table 9.11,

the daily factor (DF) for Tuesdays is 1.121, and the month
factor (MF) for July is 0.913. Then:”

AADT = 1,000 * 1.121 * 0.913 = 1,023 vehs/day

Estimating Annual Vehicle-Miles Traveled

Given estimates of AADT for every two-mile segment of eac)
category of roadway in the state system (excluding low.|
volu;nc roads), estimates of annual vehicle-miles traveled ca:
be assembled. For each segment, the annual vehicle-mile-
traveled is estimated as:

VM T365 = AADT * L * 365 (9—5]

where VMTm = annual vehicle-miles traveled over the
segment,

AADT = AADT for the sx:gmenl vehs/day, and
. L = length of the segment, mi

For any given roadway classification or system, the seg
ment VMTs can be summed to give a regional or statewid
total. The question of the precision or accuracy of such est:
mates is interesting, given that none of the low-volume roak
are included and that a real statewide total would need o
include inputs for all non-state systems in the state. Regulx
counting programs at the local level are, in general, far les
rigorous than state programs.

There are two other ways commonly used to est
mate VMT: .

+ . Use the number of registered vehicles with reporte
annual mileages, adjusting for out-of-state travel.

» Use fuel tax receipts by category of fuel (which
relates to categories of vehicles), and: estimate VM
‘using average fuel consumption ratings for differes
types of vehicles.

Table 9.11: Typical Daily and Monthly Variation Factors for a Contiguous Area on a State Highway System

Daily Factors (DF) | Monthly Factors (MF)

Day Factor Month Factor Month Factor
Monday 1.072 January 1215 July 0.913
Tuesday 1.121 February 1.191 August 0.882
Wednesday 1.108 March 1.100 September 0.884
Thursday 1.098 April 0.992 October 0.931
Friday 1.015 May 0.949 November 1.026
Saturday 0.899 June 0918 - December 1.114
Sunday 0.789
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There is interest in improving statewide VMT estimat-
ng procedures, and a number of significant research efforts
',:vc peen sponsored on this IOpic: in recent years. 'I'hcre. 15
lso growing interest in lnalionmde PMT estimates, with
ppropriate modal categories.

3.7 Specialized Counting Studies

2 2 number of instances, simple counting of vehicles at a
ﬁint, or at a series of points, is not sufficient to provide the
aformation needed. Three principal examples of specialized
:omfting techniques are (1) origin and destination counts,
7) cordon counts, and (3) screen-line counts.

37.1 Origin and Destination Counts

o many instances, normal point counts of vehicles must be
upplemented with knowledge of the origins and destinations
f the vehicles counted. In major regional planning applica-
ions, origin and destination studies irivolve massive home-
nterview efforts to establish regional travel patterns. In traffic
|pplicalions,_ihe scope of origin and destination counts are
yften more limited. Common applications include:

« Weaving-arca studies
+ Freeway studies
« Major activity center studies

Proper analysis of weaving-area operations requires that
plume be broken down into two weaving and two nonweaving
lows that are present. A total count is insufficient to evaluate
rerformance. In freeway corridors, it is often important to know
vhere vehicles enter and exit the freeway. Alternative routes,
urexample, cannot be accurately assessed without knowing
he underlying pattern of origins and destinations. At major
wlivity centers (sports facilities, airports, regional shopping
‘enters, etc.), traffic planning of access and egress also requires
:nowledge of where vehicles are coming from when entering
he development or going to when leaving the development.

Many ITS technologies hold great promise for provid-
ng detailed information on origins and destinations.
\utomated toll-collection systems can provide data on where
ehicles enter and leave toll facilities. Automated license-
late reading technology is used in traffic enforcement and
ould be used to track vehicle paths through a traffic system.
\ithough these technologies continue to advance rapidly,
fieir use in traditional traffic data collection has been much
lower due to the privacy issues that such use raises.

Historically, one of the first origin-destination count
tchniques was called a lights-on study. This method was

often applied in weaving areas where vehicles arriving on one
leg could be asked to turn on their lights. With the advent of
daytime running lights, this methodology 4s-no longer viable.

Conventional traffic origin and destination counts rely
primarily on one of three approaches:

* License-plate studies
* Postcard studies
* Interview studies

In a license-plate study, observers (or automated equip-
ment) record the license-plate numbers as they pass designated
locations. This is acommon method used to track freeway entries
and exits at ramps. Postcard studies involve handing out color- or
otherwise coded cards as vehicles enter the system under study
and collecting them as vehicles leave. In both license-plate and
postcard studies, the objective is to match up vehicles at their
origin and at their destination. Interview studies involve stopping
vehicles (with the approval and assistance of police) and asking a
short series of questions concerning their trip, where it began,
where it is going, and what route will be followed.

Major activity centers are more easily approached
because one end of the trip is known (everyone is at the activity
center). Here, interviews are easier to conduct, and license-plate
numbers of parked vehicles can be matched to home locations
using data from the state Department of Motor Vehicles.

When attempting to match license-plate observations or
postcards, sampling becomes a significant issue. If a sample
of drivers is recorded at each.entry and exit location, then the
probability of finding matches is diminishéd considerably.
If 50% of the entering vehicles at Exit 2 are observed, and
40% of the exiting vehicles at Exit 5 are observed, then the
statistically expected number of matches of vehicles traveling
from Exit 2 to Exit 5 would be 0.50*0.40 = 0.20 or 20%.
When such sampling techniques are used, separate counts of
vehicles at all entry and exit points must be maintained to
provide a means of expanding the sample data.

Consider the situation illustrated in Figure 9.15. It shows
a small local downtown street network with four entry road-
ways and four exit roadways. Thus there are 4*4 = 16 possible
origin-destination pairs for vehicles accessing or traveling
through the area. The data shown reflect both the observed
origins and destinations (using license-plate samples) and the
full-volume counts observed on each entry and exit leg.

If the columns and rows are totaled, the sums should be
equal to-the observed total volumes, assuming that a 100%
sample of license plates was obtained at each location.
This is obviously not the case. Thus the origin-destination vol-
umes must be expanded to reflect the total number of vehicles
counted. This can be done in two ways: (1) origin-destination
cells can be expanded so that the row totals are correct
(i.e., match the measured volume). or (2) oriein-destination
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Pttt Origin Station

’@ L Sm“:;:):non 1 3 3 4 Row Sum T; Vol V;
rs 1 50 8 20 17 95 250
! \Q 2 10 65 21 10 - 106 310
@' ! 3 15 12 38 15 80 200
\ / 4 13 14 18 42 87 - 375

Col Sum T; 88 99 97 84
® Volume V; | 210 200 325 | 400 1,135

Figure 9.15: Data from an Origin-Destination Count Using License-Plate Matching

cells can be expanded so that the column totals are correct.
Unfortunately, these two approaches will lead to two different
sets of origin-destination volumes.

In practice, the average of the two approaches is adopted.

This creates an iterative process because the initial adjustment

will still result in column and row totals that are not the same as
the measured volumes. Iteration is continued until all row and
column totals are within *+ 10% of the measured volumes.
The cell volumes, representing matched trips from
Station i to Station j, are ad;usted usmg factors based on
column closure and row closure:

R\ . 0
Tiv = Tiv- 1)( > ) (9-6)

where: _
- F; = adjustment factor for origin i = V;/T;
b= adjustment factor for destination j = Vi/T;

Ty = number of trips from station i to station j afier

the Nth iteration of the data (trips)

T{N-1)= numher of trips from Station i to Station j ) after
the (N — 1)th iteration of the data (trips)

T; = sum of matched trips from Station i (trips)

T; = sum of matched trips to Station j (trips)

V; = observed total volume at Station i (vehs)
= observed total volume at Station j (vehs)

~ The actual data of Figure 9.15 serves as the Oth iteration
Egch adjustment cycle results in new values of T; i T T f;
and F; The observed total volumes, of course, remain constant
Table 9.12 shows the results of several iterations, wilh
the final O-D counts accepied when all adjustment factors ar
greater than or equal to 0.90 or less than or equal to .10
In this case, the initial expansion of O-D counts was iterated
twice to obtain the desired accuracy.

Table 9.12: Sampie Expansmn of Origin and Destination Data

Origin Station

Dnstmahﬂn :
1 50 8 20 17 95 250 2.63
2 10 65 21 10 106 310 292
3 15 12 38 15 80 200 12,50
4 13 14 18 42 87 375 4.3]
T; 88 9 97 84 368
V; 210 200 325 400 ! 1135
F; 2.39 202 3.35 4.76

(a) Field Data and Factors for Iteration 0



Table 9.12: Sample Expansion of Origin and Destination Data

Origin Station
Destination -
Station 1 2 3 4 Tj \/ F;
1 125 19 60 63 267 250 0.94
2 27 161 66 38 292 310 1.06
3 37 27 11 54 229 200 0.87
4 44 4 69 191 347 375 1.08
Ty 232 | 251 306 346 1135
v 210 200 325 400 1135
F; 0.90 0.80 1.06 1.16
(b) Initial Expansion of O-D Matrix (Iteration 0)
Origin Station
Destination .
Station 1 2 3 4 T; Vj F;
1 116 16 60 66 257 250 0.97
2 26 150 70 . 43 288 310 1.08
3 33 23 108 55 218 200 0.92
4 43 42 74 213 n 375 1.01
T 217 230 311 376 1135
\/ 200 | 200 325 400 - 1135 -
F, 097 | 087 1.04 1.06
(c) First Iteration of O-D Matrix
:  Origin Station
Destination :
Station 1 2 3 4 T; Vj Fy
1 112 15 60 67 254 250 0.98
2 27 145 74 46 292 2310 1.06
3 31 20 105 . 55 211 200 0.95
4 43 39 76 221 378 375 0.99
T, 212 20 316 388 1135
' 210 200 325 400 1135
F; 0.99 091 1.03 1.03

(d) Second Iteration of O-D Matrix
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9.7.2 Cordon Counts

A cordon is an imaginary boundary around a study area of interest.
It is generally established to define a CBD or other major activity
center where the accumulation of vehicles within the area is of
great importance. Cordon volume studies require counting volume
at all street and highways that cross the cordon, classifying the
counts by direction and by 15- to 60-minute times intervals.
In establishing the cordon, several principles should be followed:

+ The cordoned area must be large enough to define
the full area of interest yet small enough so that
accumulation estimates will be useful for parking
and other traffic planning purposes.

* The cordon is established to cross all streets and high-
ways at midblock locations, to avoid the complexity
of establishing whether turning vehicles are entering
or leaving the cordoned area.

* The cordon should be established to minimize the
number of crossing points wherever possible. Natural

or manufactured barriers (e.g., rivers, railroads, limited-
access highways, and similar features) can be used as

part of the cordon.

Cordoned areas should have relatively uniform land
use. Accumulation estimates are used to estimate

-

street capacity and parking needs, Large cordons _

encompassing different land-use activities will not bé
focused enough for these purposes.

The accumulation of vehicles within a cordoned are;
is found by summarizing the total of all counts entering and
leaving the area by time period. The cordon counts should
begin at a time when the streets are virtually empty. Because
this condition is difficult to achieve, the study should stan
with an estimate of vehicles already within the cordon. Thj
can be done by circulating through the area and countine
parked and circulating vehicles encountered. Off-streer
parking facilities can be surveyed to estimate their overnigh
population.

Note that an estimate of parking and standing vehicles
may not reflect true parking demand if supply is inadequate
and many circulating vehicles are merely looking for a place
to park. Also, demand discouraged from entering the cor-
doned area due to congestion is not evaluated by this study
technique.

When all entry and exit counts are summed, the accu-
mulation of vehicles within the cordoned area during any
given period may be estimated as:

A=A+ Vg —Vy %)

where: A; = accumulation for time period i, vehs
Aj; = accumulation for time periodi— 1, vehs
Vi = total volume entering the cordoned area during
time period i, vehs
Vi = total volume leaving the cordoned area during
-time period i, vehs

Table 9.13: Accumulation Computations for an Ilustrative Cordon Study

Vehicles Vehicles Accumulation
Time - Entering (vehs) Leaving (vehs) (vehs)
4:00-5:00 AM .- — o s
5:00-6:00 AM 100 20 250 + 100 —20 = 330
6:00-7:00 AM : 150 40 330 + 150 - 40 = 440
7:00-8:00 AM 200 40 440 + 200 - 40 = 600
8:00-9:00 aM 290 80 600 + 290 - 80 = 810
9:00-10:00 AM 350 120 810 + 350 - 120 = 1,040
10:00-11:00 am 340 200 1,040 + 340-200 = 1,180
11:00-noon 350 350 1,180 + 350 — 350 = 1,180
12:00-1:00 AM 260 300 1,180 + 260 - 300 = 1,140
1:00-2:00 pm 200 380 - 1,140 + 200 — 380 = 960
2:00-3:00 pMm 180 420 960 + 180 —420 = 720
3:00-4:00 pm 100 350 720 + 100 - 350 = 470
4:00-5:00 pm 120 320 470 + 120 - 320 = 270

*Estimated beginning accumulation.
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Figure 9.16: Typical Presentation of Accumulation Data
(Source: Used with permission of San Diego Area Transportation Study, San Diego CA, 1958.)
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Figure 9.17: Typical Presentation of Daily Cordon Crossings -
(Source: Used with permission of San Diego Transportation Study, San Diego CA, 1958.)

An example of a2 cordon volume study and the 9.7.3 Screen-Line Counts
Stimation of accumulation within the cordoned area

i shown in Table 9.13. Figure 9.16 illustrates a typical _

resentation of accumulation data, and Figure 9.17 illus- Screen-line counts and volume studies are generally conducted as
ales an interesting presentation of cordon crossing part of a larger regional origin-destination study involving home
iformation. _ interviews as the principal methodology. In such regional
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SCREEN LINES AND RIVER CROSSING STATIONS
ALY XXX, DUCK UKL,
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fterna) and External Sarvey Data
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Figure 9.18: Illustration of a Screen-Line Study

(Source: Used with permission of Institute of Transportation Engineers, Box, P.C. and Oppenlander, J.C., Manual of Traffic Engineering
Studies, Washington D.C., 1975, Figure 3-35, pg. 43.)
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;ning studies, home interview responses constitute a small but
ailed sample that is used to estimate the number of trips per
y (or some other specified time interval) between defined trans-
ctation zones that have been established within the study region.

Because home interview samples are small and addi-
;nal data are used to estimate trip patterns for those passing
-ough the study area or having only a single trip-end within
» study area, it is necessary to use some form of field obser-
tions to check on the accuracy of predicted movements.

Screen lines are convenient barriers cutting through the
idy area with only a limited number of crossing points.
vers, railroads, limited-access highways, and other features
ike good screen lines. The zone-to-zone trip estimates of a
sional study can be summed in a way that yields the predicted
mber of trips across the screen line in a defined time period.
screen-line count can then be made to observe the actual
mber of crossings. The comparison of predicted versus
served crossings provides a means by which predicted zone-
zone trips can be adjusted.

Figure 9.18 illustrates a study area for which two screen
es have been established. Predicted versus observed cross-
ss are presented in graphic form. The ratio of observed to
sdicted crossings provides an adjustment factor that can be
plied to all zonal trip combinations.

8 Closing Comments

e concept is simple: counting vehicles. As reviewed in this

ipter, the process is not always simple; nor is the proper use of

id results to obtain the desired statistics always straightforward.
¢ field work of volume studies is relatively pedestrian but cru-
lly important. Volume data is one of the primary bases for all
ffic engineering analysis, planning, design; and operation.

Volume data must be accurately collected. It must be
luced to understandable forms and properly analyzed to
ain the prescribed objective of the study. It must then be
sented clearly and unambiguously-for use by traffic engi-
s and others involved in the planning and engineering
rcess. No geometric or traffic control design can be effec-
:if it is based on incorrect data related to traffic volumes
I true demand. The importance, therefore, of performing
ume studies properly cannot be understated.
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Problems

9-1. A limited network counting study was conducted for
the network shown here. Bécause only two sets of road
tubes were available, the study was conducted over a
period of several days, using Station A as a control
location. The network is shown here.

Figure 9.19: Network for Problem 9-1

Using the data from the study, shown in the
tables, estimate the 12-hour volume (8 AM to § pM) at
each station for the average day of the study.

Table 9.14: Axle Counts_for Control Station A
(Problem 9-1)

Time Period
Day 8:00-11:45 | 12:00-3:45 | 4:00-7:45
Monday 3,000 2.800 4,100
Tuesday 3,300 3,000 4,400
Wednesday 4,000 3,600 5,000
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Table 9.15: Axle-Counts for Coverage Stations Table 9.18: 24-Hour Daily Volumes
(Problem 9-1) First
: Day of
Station Day Time Axle Count Week in y of Week 1
Month of:| M Tue | Wed | T i
| | Monday | 8:00-11:45 | 1,900 s ) e et Th | P | St | G
2 Monday 12:00-3:45 2,600 January 2,000 2,200 (2,250 | 2,000 | 1,800 | 1,500 | 95(°
3 Monday 4:00-7-45 1,500 April 1,900]2,080 12,110 | 1,890 | 1,750 | 1,400| 8%
4 Tuesday 8:00-11:45 3,000 July 1,700 { 1,850 | 1,900 | 1,710 | 1,580 | 1,150 800
5 Tuesday 12:00-3:45 3,600 October | 2,1002,270 | 2,300 | 2,050 { 1,800 | 1,550 I,(]I{)i'
6 Tuesday 4:00-7:45 4,800 : |
7 Wednesday | 8:00-11:45 3,500 !
8 Wednesday | 12:00-3:45 3.200 Table 9.19: Standard Monthly Volumes
9 Wednesday | 4:00-7:45 4,400 Third Week Average 24-Hour
: in Month of: Count (vehs)
Table 9.16: Sample Vehicle Classification January 2,250
Count (Problem 9-1) _ | February 2,200
Vehicle Class Vehicle Count Mach 2,000
; - © Aprl -
2-axle 1,100 : pri 2,100
: ' May 1,950
3-axle 130 5
5l . : June 1,850
. 4-axle kB 40
s ide | - 6 July 1,800
: e : August 5 1,700
. / September 2,000
9-2. T!‘w following ¢0nuol ct_luntﬁ-Were made at‘slalc-m:{in- October - 2.100
ta‘lned pel?nanf_:nt coun‘t station. Fromf tl_le information Meovendies 2150 |
given, calibrate the daily volume variation factors for : : |
this station: ' December 2,300

Table 9.17: Data for Problem 9-2 ' e !
-9-5. The four control stations shown nearby have beei
regrouped for the purposes of calibrating daily vari

Day of Week | Average Annual Volume for Day

Sunday 3,500 : tion factors. Is the grouping appropriate? If not, wh
Monday - 4,400 ' ' would an appropriate grouping be? What are the com
Tuesday 4,200 ST . bined daily variation factors for the appropriat
Wedncsday 4300 group(s)? The stations are located sequentially alﬂ}ilf
a state route.

Thursday - 3,900

Frday - 4,900

Saturday 3,100 _ Table 9.20: Daily Varation Factors for Individual

Stations

9-3. What count period would you select for a volume study - Station | Mon | Tue | Wed | Thu | Fri | Sat | Sun -
at an intersection with a signal cycle length of (a) 60 104 1100109 | 1.08 11171090 | 080
seconds, (b) 90 seconds, and (c) 120 seconds? 112 | 107 ] 097 | 1.06 | 102 | 087 | 082

94. The f()“OWing control counts were made at an urban 097 1099089 | 1.01 | 0861 1.01 1.06

count station to develop daily and monthly variation E
factors. Calibrate these factors given the data shown here. 101 11.00] 1.01 1 1.09 | 1.10 | 0.85 | 0.

B N =
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9-6. Estimate the annual VMT for a section of the state
highway system represented by the variation factors of
Table 9.11. The coverage counts shown in Table 9.21
are available for the locations within the section.

Table 9.21: Coverage Count Data

Station

cnm-hmm-\

Segment Coverage 24-Hour
Length (Mi) Count Date | Count (vehs)

3.0 Wed in March 9,120
2.7 Tue in September 10,255
2.5 Fri in August 16,060
4.6 Sun in May 21,858
1.8 Thu in December | 9,508
1.6 Fri in January 11,344

g-7. The following origin and destination results were
obtained from sample license plate observations at five

locations. Expand and adjust the initial trip-table
results to reflect the full population of vehicles during
the study period.

B

Table 9.22: Initial Origin and Destination Matches from
Sample License-Plate Observations

Destination Crigin Stative Des':‘i(:::ion
Station 1 2 3 4 5 |Count (vehs)
1 50 120 125( 210 75| 1,200
2 105 80| 143| 305| 100| 2,040
3 125| 100 128| 328 98| 1,500
4 82| 70| 100| 125| 101l 985
5 201 215] 180| 208| 210|{ 2,690
Total Origin
Count (vehs) |1,820(1,225/1,750{2,510{1,110{ 8,415




