Lecture Two

Traffic Engineering Studies

Traffic Studies

Traffic studies may be grouped into three main categories:
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Inventories

Provide a list or graphic display of existing information, such as street widths, parking spaces,
transit routes, traffic regulations, and so forth. Some inventories—for example, available parking
spaces and traffic regulations—change frequently and therefore require periodic updating; others,
such as street widths, do not.
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Administrative Studies

Use existing engineering records, available in government agencies and departments. This
information is used to prepare an inventory of the relevant data. Inventories may be recorded in
files but are usually recorded in automated data processing (ADP) systems. Administrative studies
include the results of surveys, which may involve field measurements and/or aerial photography.

Ciliggll 5 Y1y el 8 58 siall Al ULl g A€l el )
Rl 5f cidlanns b bl (55 1 ALl 3 ) 3 yad 438505 Cua e sSall
Al dadaiad ARl e gusal) il 4l il Al Gt ADP AY! dadledll

Apsn sea sl Ailae Gluld il ¢l gu

Dynamic Traffic Studies
Involve the collection of data under operational conditions and include:

1. Studies of traffic volume.

2. Studies of traffic speed.
3. Studies of travel time and delay.
4. Studies of parking, and crashes.

Since dynamic studies are carried out by the traffic enginee
to evaluate current conditions and develop solutions.
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Traffic Volume Studies

Traffic volume studies are conducted to collect data on the number of vehicles and/or pedestrians
that pass a point on a highway facility during a specified time period. This time period varies from
as little as 15 minutes to as much as a year depending on the anticipated use of the data. The data
collected also may be put into subclasses which may include directional movement, occupancy
rates, vehicle classification, and pedestrian age.
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Why are Volume Studies Needed? 98 (55 pall anall clud o (e )
+ Transportation planning/forecasts Sl Jaill baplass -
+ Assessing operations goaal Jadil) s -
+ Impact analysis b Qlas -
4 Determining need for traffic control, etc. osoall Al dalall aaas -

Traffic counts provide the primary measure of demand.
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Volume: The number of vehicles (or persons) passing a point during a specified time period which
is usually one hour but need not be.
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Rate of Flow: The rate at which vehicles (or persons) pass a point during a specified time period
of less than an hour, expressed as an equivalent hourly rate.
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Demand: The number of vehicles (or persons) that desire to travel past a point during a specified
time period (usually one hour).
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Capacity: The maximum rate at which vehicles can traverse a point or short segment during a
specified time period. L
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Consider the case illustrated in Fig. 1. It shows a classic case of a major merge point at which the
capacity of the upstream roadways approaching the merge is higher than the capacity of the
downstream facility. Fig. 1 shows the capacity (c), the demand flow rate (d), and the actual flow
rate (v) that would be observed for each roadway.
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¢ = 4,000 vph ¢ i capa'cny
d = 3,800 vph d = demand
v = 3,800 vph v=volume
IAAA = queueing area

Approach |

Approach 2

¢ = 6,000 vph
4 d = 7,400 vph
¢ =4,000 vph B '
d = 3,600 vph v = 6,000 vph
v = 3,600 vph

Fig. 1. Volume, Demand, and Capacity Illustration.




From Fig. 1, the following facts can be determined:
e On Approach 1, the capacity is 4,000 veh/h, and the demand flow rate is 3,800 veh/h.
Capacity, therefore, is sufficient to accommodate the demand.
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e On Approach 2, the capacity is 4,000 veh/h, and the demand flow rate is 3,600 veh/h.
Capacity, therefore, is sufficient to accommodate the demand.
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e On the downstream freeway, the capacity is 6,000 veh/h, but the demand flow rate consists
of all vehicles arriving from Approaches 1 and 2, or 3,800 + 3,600 = 7,400 veh/h. This
exceeds the capacity by 1,400 veh/h. Therefore, a queue will begin to form—and will build
up at a rate of 1,400 veh/h for as long as the stated demand flow rates exist.
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A Kkey question is what volumes (or rates of flow) would be observed on the two arriving
approaches, and on the downstream freeway. It must be noted that a queue is forming, starting at
the merge point of the two approaches. The queue will propagate upstream (split between the two
approaches) at a rate of 1,400 veh/h. Any volume (or rate of flow) counted from a location within
the growing queue will be unstable. Arriving volumes can only be legitimately counted at a location
upstream of the back of the queue (which is moving further backward over time).

Ol o B g5 el 30l C¥arae sl agaall o ale sa )l O ud)
O o) dkas b Sl fay el () ddasdle Gang i N Gaokll A caadl
AcLfAS 5o VE v Janay (V) OBl Gn) sl el gy I iy 5 (g yiRall
s o)l axe s pidall JLad dikie (en qdse sl (g2 2815l (55 el BN oy

(ol g el sl A sadall LE] 5 AS sl Jiey (3 ) ) sibdall Al




Demand Exceeding Capacity Al daad) ¢ cathal) 21333 Ladie

2 Capacity Demand

g >

8 o

E /\

2

; N

g .

= Congestion

I
Time
Fig. 2. Volume, Demand, and Capacity.
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+ Traffic demand varies. | - e
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Bottleneck Effects

Consider the situation illustrated in Figure 3. It shows true demand flows (Fig. 3a) and segment
capacities (Fig. 3b) for a section of freeway including two on-ramps and two off-ramps. This
configuration creates four distinct segments of the freeway, labeled 1 through 4, as well as four
ramps. Consider the volume (or rate of flow) that would be observed on the four freeway segments:
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Fig. 3. Example of Volume, Demand, and Capacity.

In Segment 1, the demand is 2,200 veh/h, and the capacity is 3,200 veh/h. normally, the
capacity would not constrain the demand.
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In Segment 2, the demand entering the segment is 2,200 + 800 = 3,000 veh/h, and the
capacity is 3,200 veh/h. Once again, the capacity would not constrain the demand.
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In Segment 3, the demand entering the segment is 3,000 + 700 = 3,700 veh/h. The capacity
of Segment 3, however, is only 3,400 veh/h. This is less than the demand and would
constrain the demand.
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e In Segment 4, the demand is 3,700 — 500 = 3,200 veh/h, which is higher than the capacity

of this segment, 3,000 veh/h. Once again, demand is constrained.
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e In Segment 5, the demand is 3,200 — 400 = 2,800 veh/h, which is less than the capacity of
3,200 veh/h. Demand at this location would not be constrained.
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The Hidden Bottleneck <)l &l i

The current volumes on Segments 4 and 5 of the freeway do not exceed the capacity of those
segments. What would happen, however, if the bottleneck in Segment 3 were improved and the
capacity of Segment 3 raised to 4,000 veh/h? Then, the true demand of 3,700 veh/h would flow
through Segment 3 without constraint, and 3,200 veh/h would attempt to enter Segment 4. This,
however, does exceed the capacity of Segment 4, creating a bottleneck.
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The potential bottleneck in Segment 4 was hidden by the fact that Segment 3 did not allow the true
demand to proceed into Segment 4. Segment 4 represents a hidden bottleneck, obscured by the
bottleneck in Segment 3.
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Volume Characteristics

If traffic distributed itself uniformly among the 365x24=8,760 hours of the year, there is not a
location in the nation that would experience congestion or significant delay. The problem for traffic
engineers, of course, is that there are strong peaks during a typical day, caused primarily by
commuters going to and from work. Depending upon the specific region and location, the peak
hour of the day typically contains 10-15% 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.
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The traffic engineer, therefore, must deal with the travel preferences of our society in planning,
designing, and operating highway systems. In some dense urban areas, policies to induce the
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.
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Nevertheless, the traffic engineer must still face the fundamental problem: traffic demand 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, accidents or other incidents, and even severe weather.
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Modern intelligent transportation system (ITS) technologies will increasingly try to manage
demand on a real-time basis by providing information on routes, current travel times, and related
conditions directly to drivers. This is a rapidly growing technology sector, but its impacts 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.
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Hourly Traffic Variation Patterns: The Phenomenon of the Peak Hour

When hourly traffic patterns are contemplated, we have been conditioned to think in terms of two
“peak hours” of the day: morning and evening. Dominated by commuters going to work in the
morning (usually between 7 a.m. and 10 a.m.) and returning in the evening (usually between 12
p.m. and 3 p.m.), these patterns tend 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 pattern is not as typical as we have been inclined to accept.
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Figs. 4 and 5 show hourly variation patterns documented in the 2016 Highway Capacity Manual,

for rural and urban roadways, respectively. woll Clele I3 55 al panll sl 0 £, JSI mnyg
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In Fig. 4, only the weekday (Wednesday) traffic shows a.m. and p.m. peaks—and the a.m. peaks
are much smaller than the p.m. peaks. Intercity, recreational, and weekend traffic tend to show a
single, more extended peak occurring in the p.m., generally in the early afternoon.
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Fig. 4. Typical Hourly Variation Patterns on Rural Roadways.

In Fig. 5, 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 but at the same location. Sites 1 and 2 and Sites 3 and 4
are only two blocks away from each other. Sites 2 and 4 show clear AM peaks, but traffic after the
peak stays relatively high and is amazingly uniform for most of the day. Sites 1 and 3 (in the
opposite direction) show only evening peaks.
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Fig. 5 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, however, is
not insignificant. During the course of any given year, there are 365 peak hours at any location,
one for each day of the year. The question for the traffic engineer is: Which one should be used for
planning, design, and operations?
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Fig. 5. Typical Hourly Variation Patterns on Urban Roadways.




Subhourly Variation Patterns: Flow Rates versus Volumes

It was noted that the peaking of traffic flows within the peak hour often needed to be considered in
design and operations. 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. Fig. 6 shows
the difference between 5-minute, 15-minute, and peak-hourly flow rates from a freeway location.
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Flow rates can be measured for almost any period of time. For research purposes, periods from 1
to 5 minutes have frequently been used. Very small increments of time, however, become
impractical at some point. In a 2-second interval, the range of volumes in a given lane would be
limited to “0” or “1,” and flow rates would be statistically meaningless.
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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 5-
minute flow rates might qualify as statistically stable, particularly on freeway facilities. Practice,
however, continues to use 15 minutes as the standard period for flow rates.
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In Fig. 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/In; 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/h/In. This value is 7% lower than the peak 5-minute flow rate and
20% higher than the peak-hour volume.
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The recreational access route displays strong peaks on Saturdays and Sundays. This is a typical
pattern for such routes, given the prevalence of recreational travel on weekends. Tuesdays through
Thursdays have far less traffic demand. Friday, however, also carries heavier traffic than the
average day, as weekend travelers get an early start. Monday is somewhat higher than other
weekdays because some vacationers return after the weekend rather than on Sunday.
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Fig. 6. Typical Hourly Variation Patterns on Urban Roadways.




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. Fig. 7 illustrates some typical relationships.
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The recreational access route displays strong peaks on Saturdays and Sundays. This is a typical
pattern for such routes, given the prevalence of recreational travel on weekends. Tuesdays through
Thursdays have far less traffic demand.
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Commuter trips are virtually a mirror image of recreational trips, with peaks occurring on weekdays
and lower demand on weekends. The main rural route in this exhibit has a pattern similar to the
recreational route, but with less variation between the weekdays and weekends. The route serves
both recreational and commuter trips, and the mix tends to dampen the amount of variation

observed.
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Fig. 7. Typical Daily Variations in VVolume.




Monthly or Seasonal Variation Patterns
Figs. 8, 9, and 10 illustrate typical monthly volume variation patterns for various types of urban
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Fig. 8(a) shows that typical recreational routes have similar variation patterns on weekdays and
weekends, but that weekend volumes, as expected, are significantly higher than weekday volumes.
As monthly peak periods occur both in winter and in summer, it is likely that a variety of
recreational opportunities are served by the highways included in the data.

Al Al 8 adliia ,las Jaas Lgd dagad i) a1l jlsall ea sy 1 A JS)
£ ol A e el g snl) Ales ke 8 45 all asaall (Sl g say)
‘\.AAA;\:\SLL\A! ua)&kﬂm‘g dgm!\j ;mn_,gagaji_}*.ﬂ\?,})_ﬂ\ bJ.\B u“

bl A gadiall G5 hall U8 (g dagd il s )

Fig. 8(b) shows that on intercity routes, there is virtually no difference between weekday and
weekend volume patterns. Intercity routes often serve commuter, recreational, and other travel
needs. The facilities included in the data clearly have their highest traffic volumes during the
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The rural freeway in Figure 9 has a significant summer peak, indicating that it serves summer
recreational destinations. The urban freeway has its lowest traffic volumes in December and
January— winter months. This may reflect weather-induced decreases in demand and/or people
taking vacations in warmer climates ool Josd & Lisial) 85 08 Gk 4 48, JSA) 8 il Gkl e
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Fig. 9. Typical Monthly Variation on an Interstate Highway.

Figure 10 is interesting. The “summer event influenced” streets show two clear peaks, one in the
summer (the largest) and another in the winter. The urban arterial has low points in January and
August. These patterns are likely due to the unique characteristics of the destinations served by the
facilities in the study. Urban street patterns depend greatly on local conditions, and it is difficult to
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Fig. 10. Typical Monthly Variation on Urban Streets.

It might be expected that commuter routes would show a trend opposite to recreational routes (i.e.,
if recreational routes are peaking in the summer, then commuter routes should have less traffic
during those periods). Figs. 8, 9, and 10 do not reflect this. The problem is that few facilities are
purely recreational or commuter; there is always some mix present.
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Some Final Thoughts on Volume Variation Patterns

One of the most difficult problems in traffic engineering is that we are continually planning and

designing for a demand that represents a peak flow rate within a peak hour on a peak day during a
peak season. When we are successful, the resulting facilities are underutilized most of the time.
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It is only through the careful documentation of these variation patterns, however, that the traffic
engineer can know the impact of this underutilization. Knowing the volume variation patterns
governing a particular area or location is critical to finding appropriate design and control measures
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It is also important to document these patterns so that estimates of average annual daily traffic
(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 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 will be illustrated and applied in the sections that follow.
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Arrival versus Departure Volumes: A Key Issue for Intersection Studies

At most intersections, volumes are counted as they depart the intersection. This is done both for
convenience and because turning movements cannot be fully resolved until vehicles exit the
intersection. Although this approach is fine where there is no capacity constraint (i.e., an unstable
build-up of queues on the approach), it is not acceptable where demand exceeds the capacity of the
approach. In such cases, it is necessary to observe arrival volumes, as these are a more accurate
reflection of demand.
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At signalized intersections, “unstable queue build-up” is detected when vehicles queued during a
red interval are not fully cleared during the next green interval. At unsignalized intersections,
“unstable queue build-up” can be identified by queues that become larger during each successive
counting period.

LAY YA LS el e s sl Uiy dh gl 5 LEY1 b cilakalidl xie
Jlk.u\ J}ALE 2aal uSA,j G‘).\AA.“ bJLuY\ ) @ (;@J.\J..aﬁ (:3;: (J LSJ‘} ;\)A;j\
sy s oS jiall  gal) Al g gl 3 LY 3 3l e el 3 LSl

Al 5 8 D e

Direct observation of arrival volumes at an intersection is difficult, as the queue is dynamic. As the
queue grows and declines, the point of “arrival” changes. Therefore, the technique used to count
arrival volumes is to count departure volumes and the number of queued vehicles at periodic

intervals.
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For signalized approaches, the size of the queue would be recorded at the beginning of each red
phase. This identifies the “residual queue” of vehicles that arrived during the previous signal cycle

but were not serviced. I BV sk Ay 8 Y] il Jh ol chgiseal clablil) il sl

For unsignalized approaches, the queue is counted at the end of each count period. When such an
approach is followed, the arrival volume is estimated as:
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Vai = Vai + Nqi - Nq(i - 1) [1]

Where:

V4 = arrival volume during period i, veh, 5_ill JSA 1) g) aaal)

V4; = departure volume during period i, veh, 353811 34 jalaall aaal)

N,; =number of queued vehicles at the end of period i, veh, and 5280 & gkl 2 LS yal) 23

N, (i-1) = number of queued vehicles at the end of period i—1, veh 3380 &g B ,glal) (& Clsjall sse

Estimates of arrival volume using this procedure identify only the localized arrival volume. This
procedure does not identify diverted vehicles or the number of trips that were not made due to
general congestion levels. Thus, although arrival volumes do represent localized demand, they do
not measure diverted or repressed demand. Table 1 shows sample study data using this procedure
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Table 1. Estimating Arrival Volumes from Departure Counts: An Example.

Time Period Departure Queue Length Arrival Volume
(PM) Count (vehs) (vehs) (vehs)
4:00-4:15 50 0 50 Jidl pqal) gl ppa
ce c J > = g
4:15-4:30 3 0 35 TSl A — jadball Jolot
4:30-4:45 62 5 62+ 5 =67 5 ) g B a8 g
4:45-5:00 65 10 65+10-5=170
5:00-5:15 60 12 60+ 12 - 10 =62
3:15-5:30 60 5 60+5-12=353
5:30-5:45 62 0 62-5=1957
5:45-6:00 55 0 55
Total 469 469




Note that the study is set up so that the first and last count periods do not have residual queues.

Also, the total departure and arrival count is the same, but the conversion from departures to arrivals
causes a shift in the distribution of volumes by time period.
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Based on departure counts, the maximum 15-minute volume is 65 veh. or a flow rate of
65/0.25=260 veh/h. Using arrival counts, the maximum 15-minute volume is 70, or a flow rate of
70/0.25=280 veh/h. The difference is important, as 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. 258310 UM (55 el anall sl anll iy yobicall slaef il e el
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Special Considerations for Signalized Intersections
At signalized intersections, count procedures are both simplified and more complicated at the same
time. For manual observers, the signalized intersection simplifies counting, as 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
cycles of the signal. 8 gl) it Bdina g Adagsy 2all il ja) (S5 (A gaall 5 LAY) culd culalalall
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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, a 4 out of 5-minute counting procedure may be
employed. For a 90-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 out of 15 minutes would be

appropriate, as would 4.5 out of 6 minutes.
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Actuated signals present special problems, as both cycle lengths and green splits vary from cycle
to cycle. Count periods are generally set to encompass a minimum of five signal cycles, using the
maximum cycle length as a guide.
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Presentation of Intersection Volume Data

Intersection volume data may be summarized and presented in a variety of ways. Simple tabular
arrays can summarize counts for each count period by movement. Breakdowns by vehicle type are
also most easily depicted in tables. More elaborate graphic presentations are most often prepared
to depict peak-hour and/or full-day volumes. Figs. 11 and 12 illustrate common forms for the
display of peak-hour or daily data. The first is a graphic intersection summary diagram that allows
the simple entry of data in a predesigned graphic form. The second is an intersection flow diagram
in which the thickness of flow lines is based on relative volumes.
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GRAPHIC SUMMARY OF VEHICLE MOVEMENTS
Intersection: McShane Bivd and Prassas Ave
Date: 20 May 97 Time/Day: Monday. 4:00 — 5:00 PAM
Observer: R. Roess
City: Metrotech City
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Fig. 11. Graphic Intersection Summary Diagram.
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Fig. 12. An Intersection Flow Diagram.
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Limited Network Volume Studies — 82ssaall GlSuddl 4 g jall o gaad) 4l 5

Consider the following proposition: A volume study is to be made covering the period from 6:00
am to 12:00 midnight on the street network comprising midtown. Although this is a very big
network, including over 500 street links and 500 intersections, it is not the entire city of New York,

nor is it a statewide network. At 308 il Jaai Ay 55 pe posms sl 3 el 3 NN Aol eyl 3 2a(s
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Nevertheless, the size of the network is daunting for a simple reason: it is virtually impossible to
acquire and train sufficient personnel to count all of these locations at the same time. To conduct
this study, it will be necessary to employ sampling techniques (i.e., not all locations within the
study area will be counted at the same time, not 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 average peak period.
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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 the location of major generators and the nature of traffic on various facilities (local versus
through users, for example). The establishment of a reasonable sampling methodology will require
judgment based on such local familiarity.
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Sampling procedures rely on the assumption that entire networks, or identifiable sub-portions of
networks, have similar demand patterns in time. If these patterns can be measured at a few
locations, the pattern can be superimposed on sample measurements from other locations in the
network. To implement such a procedure, two types of counts are conducted:
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+ Control counts. Control counts are taken at selected representative locations to measure and

quantify demand variation patterns in time. In general, control counts must be maintained
continuously throughout the study period.
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+ Coverage counts. Coverage counts are taken at all locations for which data are needed. They
are conducted as samples, with each location being counted for only a portion of the study
period, in accordance with a pre-established sampling plan.
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Control Counts
Because control counts will be used to expand and adjust the results of coverage counts throughout
the network under study, it is critical that representative control-count locations be properly
selected. The hourly and daily variation patterns observed at a control count must be representative
of a larger portion of the network if the sampling procedure is to be accurate and meaningful. It
should be remembered that volume variation patterns are generated by land-use characteristics and
by the type of traffic, particularly the percentages of through versus locally generated traffic in the
traffic stream. With these principles in mind, there are some general guidelines that can be used in
the selection of appropriate control-count locations:
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1. There should be one control-count location for every 10 to 20 coverage-count locations to

be sampled. h 3AY Blatl Sl adlge Yoo Vo JSI ) ASaT s gse @i (0 o oy
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2. Different control-count locations should be established for each class of facility in the
network—Ilocal streets, collectors, arterials, and the like—as different classes of facilities
serve different mixes of through and local traffic.
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3. Different control-count locations should be established for portions of the network with
markedly different land-use characteristics.

h Adlia ) a1 Vlaxin (iload 3 A0 o e Ailide oS5 a0 o8l 5o sl i

Lsale J

Coverage Counts

All locations at which sample counts will be taken are called coverage counts. All coverage counts
(and control counts as well) in a network study are taken at midblock locations to avoid the
difficulty of separately recording turning movements. Each link of the network is counted at least
once during the study period. Intersection turning movements may be approximately 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.
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An Illustrative Study

The types of computations involved in expanding and adjusting sample network counts are best
described by a simple example. Fig. 13 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. The other six links are
coverage-count locations.
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The various proposed study procedures all assume that there are only two field crews or automated
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 12:00 noon and 8:00 pm on a
typical weekday. Three different approaches will be discussed. However, they illustrate all of the
expansion and adjustment computations involved in such studies.
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Fig. 13. A Sample Network Volume Study.

Example 1: A One-Day Network Study Plan

It is possible to complete the study in a single day. One of the two available crews or set-ups would
be used to count control Location A for the entire 8-hour period of the study. The second crew or
set-up would be used to count each of the Coverage Locations 1-6 for one hour. The sample data
and analysis resulting from this approach are shown in Table 2.
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Table 2. Data from a One-Day Study.

Control-Count Data Location A Coverage-Count Data
Time (PM) Count (vehs) Location Time (PM) Count (vehs)

12-1 825 I 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
6-7 938

7-8 397

Table 3. Computation of Hourly Volume Proportions from Control-Count Data.

Time (PM) Count (vehs) Proportion of 8-Hour Total
12-1 825 825/1,067=0.117
1-2 811 811/7,067=0.115
2-3 912 912/7,067=10.129
34 975 975/7,067=10.138
4-5 1,056 1,056/7,067 =0.149
5-6 1,153 1,153/7,067=0.163
6-7 938 938/7,067=10.133
7-8 397 397/7,067 = 0.056
Total 7,067 1.000

Table 4. Expansion of Hourly Counts.

Estimated 8-Hr Estimated Peak-
Location Time (PM) |  Count (vehs) Volume (vehs) Hour Volume (vehs)

| 12-1 840 840/0.117=17,179 X0.163=1,170
2 |-2 625 625/0.115 = 5,435 X (.163 =886
3 2-3 600 600/0.129 = 4,651 X0.163 =758
4 4-5 390 390/0.149=2,617 X0.163=427
5 5-6 1,215 1,215/0.163 = 7,454 X0.163=1215
6 6-7 1,440 1,440/00.,133 = 10,827 X0.163= 1,765

Example 2: A Three-Day Study Plan

The first two approaches can be combined. If a one-day study is not deemed appropriate due to the
estimation of 8-hour volumes based on 1- 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 4 hours
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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 4-hour period and by day. In this approach, 4-
hour coverage counts must be: (1) Expanded to reflect the full 8-hour study period and (2) Adjusted
to reflect the average day of the 3-day study period.

Table 5 illustrates the data and computations for the three-day study approach.
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Table 5. Control Data and Calibration of Hourly Variation Pattern.

Monday Tuesday Wednesday
Time Count % of Count % of Count % of Avg % of
(PM) (vehs) 8 Hours (vehs) 8 Hours (vehs) 8 Hours 8 Hours
12-4 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%

Table 6. Calibration of Daily Variation Factors.

Day 8-Hour Control-Count Location A (vehs) | Adjustment Factor
Monday 7,000 6,967/7,000 = 1.00
Tuesday 7,500 6,967/7,500 = 0.93
Wednesday 6,400 6,967/6,400 = 1.09
Total 20,900
Average 20,900/3 = 6,967

Table 7. Expansion and Adjustment of Coverage Counts.

Time Count | 8-Hour Expanded | 8-Hour Adjusted
Station Day (PM) (vehs) Count (vehs) Counts (vehs)
I Monday 12-4 2213 | 2,213/0.429=5,159 X 1.00= 5,159
2 Monday 4-8 3,000 | 3,000/0.571=5,254 X 1.00=5,254
3 Tuesday 12-4 2,672 | 2,672/0.427 = 6,258 X 0.93=35,820
4 Tuesday 4-8 2,500 | 2,500/0.573 =4,363 X 0.93=4,058
5 Wednesday 124 3,500 | 3,500/0.438 =7,991 X 1.09=8,710
6 Wednesday 4-8 3,750 | 3,750/0.562 = 6,673 X 1.09=17274




Estimating Vehicle-Miles Traveled on a Network 4 (2 cis jally de ghilal) Jlaal) clus

One output of most limited-network volume studies is an estimate 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.

=

Example 3: Estimating Vehicle-Miles
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Station 8-Hour Count (vehs) Link Length (mi) Link VMT (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 7,274 0.25 1,818.50
Network Total 10,810.50

Display of Network Volume Results

As was the case with intersection volume studies, more detailed results of a limited network study
are presented in tabular form, some of which have been illustrated herein. 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 proportional to the volume. An

example of such a map is shown in Fig. 14.
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Fig. 13. A Typical Network Flow Map.




Statewide Counting Programs — Jslls (el s i e g0 all w2l mal s

States generally have a special interest in observing trends in AADT, shifts within the ADT pattern,
and VMT. These trends are used in statewide planning and for the programming 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 nonstate highway systems, although the cost is often
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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 the study is continuous (i.e., 365

days a year, every year). dipm o) o ciim S s Ay st ) i) ) et (5l i
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1. The objective of most statewide programs is to conduct a coverage count every year on
every 2-mile segment of the state highway system, with the exception of low-volume
roadways (AADT< 100 veh/day) Low-volume roadways usually comprise about 50% of
state system mileage and are classified as tertiary local roads.
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2. The objective of coverage counts is to produce an annual estimate of AADT for each

coverage location. i
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3. One control-count location is generally established for every 20 to 50 coverage-count
locations, depending upon the characteristics of the region served. Criteria for establishing
control locations are similar to those used for limited networks.
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Some general principles for statewide programs are as follows:

4. Control-count locations can be either permanent counts or major or minor control counts,
which use representative samples. In both cases, control-count locations must monitor and
calibrate daily variation patterns and monthly or seasonal variation patterns for the full 365-
day year. e o - . ‘
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5. All coverage counts are for a minimum period of 24 to 48 hours, eliminating the need to
calibrate hourly variation patterns.
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At permanent count locations, fixed detection equipment with data communications technology is
used to provide a continuous flow of volume information. Major control counts are generally made
for one week during each month of the year. Minor control counts are generally made for one five-

day (weekdays only) period in each season.
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Specialized Counting Studies
There are a number of instances in which simple counting of vehicles at a point, or at a series of
points, is not sufficient to provide the information needed. Three principal examples of specialized

counting techniques are: sae gl Ak b b all Jasuadl 3l L Y 3 VA (e sae dllia

(1) Origin and destination counts, ot s Auanadial) sel) el Al A6 4 slaal) e glaall 8l Ll

(2) Cordon counts, and,  p—)| Aa g iy e )

(3) screen-line counts. sl Gl e Y
Jaldl el e Y

Origin and Destination Counts

There are many instances in which normal point counts of vehicles must be supplemented with
knowledge of the origins and destinations of the vehicles counted. In major regional planning
applications, origin and destination studies involve massive home-interview efforts to establish
regional travel patterns. In traffic applications, the scope of origin and destination counts are often
more limited. Common applications include the following:
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Proper analysis of weaving-area operations requires that volume be broken down into two weaving
and two non-weaving flows that are present. A total count is insufficient to evaluate performance.
In freeway corridors, it is often important to know where vehicles enter and exits the freeway.
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Alternative routes, for example, cannot be accurately assessed without knowing the underlying
pattern of origins and destinations. At major activity centers (sports facilities, airports, regional
shopping centers, etc.), traffic planning of access and egress also requires knowledge of where
vehicles are coming from when entering the development or going to when leaving the

development. ) . . .
P h gk a3 (W s soal) Gl mndli ) @ sladll Bhalia (8 Jiladl) by

4 jra agall o el apill Sy @Al dlaal) 2l of 7 sl e
Aag puall 3 el Bokall A die 5 AN Bhlia s Gkl GLS all J 530 3hlie
() 3B (5 susill 3S) ye el el e Shall) Aasi ) illadll 5S) 5 B
die SLS el (AU G e A8me g alls dsmasll el Japdadd by

e 5 Sl 3hliall 7 5 all 5 J i)

Many ITS technologies hold great promise for providing detailed information on origins and
destinations. Automated toll collection systems can provide data on where vehicles enter and leave
toll facilities. Automated license-plate reading technology could be used to track vehicle paths
through a traffic system. Although these technologies continue to advance rapidly, their use in
traditional traffic data collection has been much slower due to the privacy issues that such use
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Historically, one of the first origin-destination count techniques 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 is no longer viable.
Conventional traffic origin and destination counts rely primarily on one of three approaches:
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In a license-plate study, observers (or automated equipment) record the license plate numbers as
they pass designated locations. This is a common method used to track freeway entries and exits at
ramps.
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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.
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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. I \ Al -k (Al 8o bua s A1 ga) IS yall (i s U Gl 53 (pana
_a;ﬂwgﬂ\@#\gb‘;@jﬁwbdqwb‘?@Lﬁw\%‘y\mz)@

Major activity centers are more easily approached, as one end of the trip is known (everyone is at

the activity center). ] -
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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 diminished 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 number of matches of vehicles traveling from Exit 2 to Exit 5 would be
0.50x0.40=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.
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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 in traffic planning. Cordon volume studies require counting all streets and
highways that cross the cordon, classifying the counts by direction and by 15- to 60-minute time
intervals. In establishing the cordon, several principles should be followed:
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e 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.

Loy 8 psa g (JalSlly alaiay) ddbaie Ciy il A Loy 5 S Sadaadl ddhaiad) o588 o) quag
LAY A g pall Jaghadil) (al &1 g S jall i) ga (B claS) 1) laad S



e The cordon is established to cross all streets and highways at midblock locations, to avoid
the complexity of establishing whether turning vehicles are entering or leaving the cordoned
area. _‘15» A et il gkl Ciaatiia b dy pdl) GUadl) L) g
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e The cordon should be established to minimize the number of crossing points wherever
possible. Natural or man-made barriers (e.g., rivers, railroads, limited access highways, and
similar features) can be used as part of the cordon.
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e Cordoned areas should have relatively uniform land use. Accumulation estimates are used
to estimate the street capacity and parking needs. Large cordons encompassing different
land-use activities will not be focused enough for these purposes.
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The accumulation of vehicles within a cordoned area 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. As this condition is difficult to achieve, the study should start with an

estimate of vehicles already within the cordon. This can be done by circulating through the area

and counting parked and circulating vehicles encountered. Off-street parking facilities can be
surveyed to estimate their overnight population.
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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 cordoned area due to congestion is not evaluated by this

study technique. i Al (585 Latie i)l (a8 5l S all o) il ) A
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When all entry and exit counts are summed, the accumulation of vehicles within the cordoned area

during any given period may be estimated as: i i ‘
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A=A+ Vg =V, [2]

Where:
A; = accumulation for time period i, veh, 4 acdiia) s i VA dag) jial) Cls jalf ae



A;_; = accumulation for time period i—1,veh, 4 acdiludl 4a} 5 58 JNA das) fial) il pal) 23
Vg; = total volume entering the cordoned area during time period i, veh, and

V,; = total volume leaving the cordoned area during time period i, veh.
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An example of a cordon volume study and the estimation of accumulation within the cordoned
area is shown in Table 4. Figure 14 illustrates a typical presentation of accumulation data, whereas
Fig. 15 illustrates an interesting presentation of cordon-crossing information.
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Table 4. Accumulation Computations for an Illustrative Cordon Study.
Vehicles Vehicles Accumulation
Time Entering (vehs) Leaving (vehs) (vehs)
4:00-5:00 AM 250¢ -
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 4 200 - 40 = 600
8:00-9:00 AM 29 80 600+ 290 - 80 =810
9:00-10:00 AM 350 120 8104350 120= 1,040
10:00-11:00 AMekpalt 3 | 340 iyl a3 | 200 1040+ 340-200= 1,180 L ksoad 28
00-1200N &€ putaia] 350 & packa pa| 350 L1804 350-350= 1,180 [ &S adaat)
12:00-1:00 PM 260 300 1,180+ 260 - 300 = 1,140
1:00-2:00 PM 200 380 1,140+ 200 - 380 = 960
200-3:00PM 180 420 960+ 180-420=720
3:00-4:00 PM 100 350 720+ 100-350=470
400-5:00 PM 120 L 320 120~ 320 =270
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Fig. 14. Typical Presentation of Accumulation.
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Fig. 15. Typical Presentation of Daily Cordon Crossings.




Screen-Line Counts

Screen-line counts and volume studies are generally conducted as part of a larger regional origin-
destination study involving home interviews as the principal methodology. In such regional
planning studies, home interview responses constitute a small but detailed sample that is used to
estimate the number of trips per day (or some other specified time interval) between defined
transportation zones that have been established within the study region.
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Because home interview samples are small and because additional data are used to estimate trip
patterns for those passing through the study area or having only a single trip-end within the study
area, it is necessary to use some form of field observation to check on the accuracy of predicted
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Screen lines are convenient barriers cutting through the study area with only a limited number of

crossing points. Rivers, railroads, limited-access highways, and other features make good screen

lines. The zone-to-zone trip estimates of a regional study can be summed in a way that yields the

predicted number of trips across the screen line in a defined time period.
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Fig. 16 illustrates a study area for which two screen lines have been established. Predicted versus
observed crossings are presented in graphic form. The ratio of observed to predicted crossings
provides an adjustment factor that can be applied to all zonal trip combinations.
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Fig. 16. Typical Presentation of Daily Cordon Crossings.




