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I CHAPTER I -

INTRODUCTION

Counts of traffic volumes comprise a major effort

of state highway departments. These counts are used to

present a picture of traffic volumes over all sections of

I 
road in a state. The average daily traffic is tabulated

in forms such as the monthly and yearly daily average,

by weekday and weekend , and a peak hour percentage of

the average daily traff ic.

Some of the uses for these counts are (1) highway

usage classification, (2) design elements in highway

I planning, (3) accident rates, (4) maintenance priori—

1 ties, (5) vehicle miles of travel(VNT), (6) travel

trends, (7) market research studies, and (8) calibrating

I travel forecast modale .

At present these counts are obtained using permanent

I counters at permanent locations and portabl e counters

I moved frequently to different locations to obtain a

sample of vehicular traffic for all levels of roadways.

I These counts are expanded to give an average count for

the different classifications of roads.

I Theoretically, to obtain the perfect knowledge of

I 
the volumes of vehicles travelling upon all roadways,

counters would need to be set up on every section of

I roadway in a study area with counts tak en 24 hours of

every day. This undertaking is not even remotely poss—

I
I

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



I
i 

2

— I ible at present. Hence , sampling Is used to obtain

traffic counts.

I Using West Virginia as an example, Lancaster(16)

states that 3 years were required to secure traffic vol-

I umes for all 55 countIes. Now that has changed to a

5 year cycle for all secondary roads in West Virginia.

Lancaster further pointed out the major inadequacies of

most existing coverage counts as: (i) full coverage count

data are not obtained each year, and ( 2 )  it would prove

prohibi tively expen sive to provide the desirabl e annual

coverage.

Aerial photography has been used in traffic studies

for 50 years(13). Usually these studies have been lim-

ited to one roadway or small study area. One of the

I main reasons has been the data reduction problem. Simply

more photographs could be taken than could be analyzed

by operators in a reasonable amount of time and cost.

It appears advances in technology in the use of com-

puters to scan photographs and identify vehicles can re-

I duce the problem of data reduction. This fact may be the

key to future expanded traffic counting programs.

I Purpose

The purpose of this study is to propose a method of

obtaining volume counts for roadways using aerial photo-

graphs plus existing traffic counters. The study will be

limited to urban areas and specific classes of

~ •
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roadways. The reason for doing so is to -reduce to a

minimum the parameters that can affect  the variation of

traffic flow.

The counts to be obtained are of daily traffic.

Then these counts would be used in the same manner as

are the counts obtained now by pneumatic tube counters.

- With more locations sampled, better knowledge of traffic

along ~~~ roads in an area in terms of accuracy and flow

patterns would result.

To use the aerial photograph method , it is planned

to make use of the following knowledge. H
1. An aerial photograph can depict an instant of

- traffic flow for all links In a study area.
- -  

2. Urban traffic follows daily and hourly van-

ation patterns which are generally consistent and

often predictable. (11:19)

3. The percent of total traffic occurring- in any

I given period is approximately the same along any

route. (11:19)

I Therefore, if the pattern of time variation of

traffic is known for selected links, then the approxi-

1 mate variation for all similar links in the study area

could be estimated . To further refine the estimates on

a link-by-link basis, the photographs could provide a

I precise count for a specified time for every link being

studied. Combining these counts into a pattern, a

I
I 
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I
I total count for the entire time period can be estimated.

Thi s approach is somewhat analagous to the presen t

I counting methods. Permanent counters are installed at

carefully selected locations to provide counts for all

I days in a year. Hence, variations of traffic flow due

I
to time will be apparent. These counts are used to pro-

vide factors to adjust the short-term counts obtained by

I the portable counters.

This study will try to determine if the combined

I aenla] photograph and tube counter approach is feasible

I 
and accurate in obtaining daily counts for links in an

urban study area. If this approach is feasible, then

I the study will attempt to determine the smallest number

of counts need ed to produce volume estimates with a low

I percentage of error.

I
I
I
I
I
I
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CHAPTER II

LITERATURE REVI~M

I The literature review concentrated in four general

areas. They are the following:

I 1. Traffic counting procedures ,

I 2. AerIal photography in traffic studies,

3. Statistical approaches to traffic counts, and

1 4. Computer processing of aerial data used in

traffic studies.

I The review was an attempt to ascertain the studies

I 
conducted In each of these areas and to determine if any

inter-relationships existed among the areas.

I Traffic Counting

I 
In the first general area, articles by Adams(1) and

• Gilbert(1O) reported on studies in the area of expanding

I short—term counts to obtain daily volumes of traffic.

The Traffic Count Reports(31) show the results of the

I traffic counts conducted by the We8t Virginia Depart—

I 
ment of Highways. Two FHWA documents( 5), (ii) pointed

out the basic objectives and uses of traffic counts.

I These guides form the guidelines for the nationwide

coun ting programs.

I
I
I
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I Aerial Photography - - —

In the second general area, the pioneering effort

I of Johnson(13) laid the basic framework of using cameras

for aerial studies of highway traffic. The studies of

I Cyra(8) provided insight into the accuracy of volume and

I 
speed measurements possible along a section of freeway

in studying speed and density of traffic. He brought out

I the fact that to be most economical, the traffic engineer

must study as many facets of traffic operations as pose-

I ibl e from the pho tographs tak en . Jord an (I4)  gave a case

study of the use of aerial photography in the dense ur-

I ban area of New York. He pointed out the great amount

1 of detail available from photographs. His report dealt

with a study known as Project Sky Count.

I Pel eg, Stoch , and Etrog(2 1) pointed out how a re]a-

tively small team can make a comprehensive urban study

I in a short time by using aerial photographs. They devel-

I oped mathematical relationships to determine traffic flow , • 
-

traffic densi ty , average speed , average travel times ,

1 and traf fi c compo si tion . Th ey provid ed info rmation re-

lating to flight planning, duration , and pho to scale.

I The parking st’idy reported on by Syraki s and P].att

(30) pointed out the tremendous savings in cost and time

in using aerial photography to study on- and off-street

I parking in the central districts of three Ohio cities.

They estimated an 85% savings in time and a 72% savings

I
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in costs as compared to standard parking studies.

Trieterer( 32) used aerial photography to obtain con—

I tinuous traffic data on the general behavior of vehicles

in platoons on two urban freeways in Columbus, Ohio.

I The knowledge obtained from aerial survey s and his

research on traffic dynamics was used to develop a ramp

metering system and a loop detecto r for densi ty and speed

I measurements.

Wilson(36) used aerial pho tography to obtain meas-

I uremente of 10 parameters of traffic flow in a small ur-

I 
ban ares. Among those parameters was an estimate of daily

volume. The project proved that data could be collected

I by an aerial method and have a level of accuracy accept-

abl e for traffic surveys.

I Smollen(28) gave hope that a new traffic survey

system tremendous in scope is almost here. This was used

I in the innovative New Orl eans STAR Pro j ect. Not only

I traffic studies, but many other measurem ents related to

urban life and planning were available from the use of

I aerial photography. In this project, recent develop-

ments in opti cal scanning and use of computers made the

I task of data reduction much easier and faster.

Ruhm(26) pointed out the advantages of aerial photo-

I graphy in traffic and land use studies. Likewise, the

I article by Moore and Wellar(18) pointed out the potential

uses of airborne sensors throughout the urban environment.

I
I 
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They stated that “ ...ae technological advances are mad e,

yielding better imagery outside the visible range of the

I electromagnetic spectrum , our ability to identify and

interpret will rapidly improve.”(18:43) In fact, the

I major obstacles of weather and darkness may be overcome

I in the near future to provide a full-time look at urban

dynamics.

I Turpin(33) gave a comprehensive overview and eval-

uation of the uses of aerial photography in transpor-

I
I Sampling

For the third general area, the two Guides(5), (ii)

I by the FHWA gave the parameters for sampling traffic

flow. They provided guidelines for selection of samples

I to provide accurate estimates of the traffic flows.

I Muranyi( 19) showed the importance of systematic

sampling. He pointed out the value of grouping of like

I types of roadways. He also did research on finding the

I 
best times to conduct a count to get an approximation of

the average traffic flow .

I The book by Vo taw and Levinson(34) has been used as

a basic reference in traffic sampling.

A publication of the West Virginia Department of

Highways(27) gave a practical application of traffic

1 counts based on Federal guidelines for a statewide system

-
• 

E l
I
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I
of roads. - -

Covault (6) gave a very practi cal aspect of the samp-

I ling theory in his discussion of estimating total costs

of highway, bridge, and railroad crossing improvements —

I on a statewide basis.

I Computer Systems

Two traffic survey systems were studied . The system

I described by Raudseps(23) used a flying spot optical

I 
scanner. The operator identified ground reference points

and vehicles. The machine then did the job for which it

I is best suited— calculation. It correlates the film co-

ordinates to ground coordinates, keeps records, and

I tracks vehicles through the succession of photographs.

The system patented by Kerr(I5) used two transpar-

encies for comparison. The transparencies were made from

I the same aerial picture of a selected area. One trans-

parency has all areas other than roadways mad e opaque

I by the operator. This transparency is used as the basis

for comparison. The two transparencies are optically

compared in order that only objects on road way s are de—

tected as significant data. A monochromatic light beam

Is used as a scanning beam . A set of holographic rep-

I licas of dIfferent size vehicles is sequentially inter—

posed in the scanning beam for each increment of roadway

I sample. When the filter size corresponds to vehicle size,

I
I

_ _  --
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I 

there is more light passed through the filter than the

normal intensi ty of l ight.  By detecting this increase

I in intensi ty as a vehicl e , the computer stores vehicle

location and size in a memory . The computer then calcu-

I lates traffic densities and can track vehicles on succes-

sive pho tographs. This system can be developed further

using technology based on liquid crystals.

I Preiterer(32) developed compu ter programs for data

processing and data presentation for his study of vehicle

I trajectories. In his study, each vehicle was uniquely

identified by the operator. The photo coordinates were

stored in a computer. A computer program then produced

output on vehicles, coordinates, spacing, headway, velo-

cities, density, and volum es, The data reduction rate

I was about 30 minutes per photograph because of the re-

quired man-machine interaction.

I Ashbaugh(2) in his thesis used a flying spot scanner

to scan transparencies to find man-made objects. In this

study, the transparency was represented by a 15 gray

I level printer program. This was then contoured using an

equation representing the sum of local verti cal and hor-

I izontal gradients around a point . A 5 gray level contour

I 
map was produced . The Fast Fouri er Transform was used to

find a correlation of contours with selected rectangular

I prototypes. A closed curve was traced through the con—

— 
tours showing a high coorelation. If the loop was closed ,

I
I 
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I
I then the object was assumed to be man-made. Each de-

tected man-made object had its boundary plotted by a

I Calcomp plotter along with a decision as to what the

object represents. Perhaps future research along this

I line will lead to automatic detection of vehicles on

I 
roadways because of the readily identifiable shapes of

vehi cles.

Summary

i The literature reviewed has provided a very good

background on traffic counts and aerial photography.

I There are many researchers genuinely enthusiastic over

the promises shown by counting from the air. By reduc-

I ing costs and time need ed t~ count vehicles, present

systems of traffic counting can be expanded to provide

very accurate counts for all roads on shorter counting

I cycles.

I
I
I
I
I

I1
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CHAPTER II I - -

AN APPROACH TO THE PROBLEM

To obtain traffic counts today, the agency making - -
~

I the counts usually uses pneumatic tube counters and/or

electronic loop detectors. They use a network of road—

I ways, such as a state, for the population of roads to be

sampled . The roads are classified by a system designed

to provide basi c functional classes of roads. Each of

I these classes of roads is then sampled to obtain a rep—

resentative traffic count. After sampling, an estimate

I can be mad e of the total number of vehicles that are

using all roads in that class throughout the study area.

I For example, the West Virginia Department of High-

ways obtains a count of 48-hour duration at its portable

tube counter locations. There are proportionately more

I counters on roadways in the lower ranges of volumes in

order to obtain counts of required accuracy .

I The DOH also uses permanent counters installed at

I 
specified locations to give a record of all traffic

passing these locations throughout the year.

I Other inputs are available to the traffic counting

agency. Past counts are used as trend forecasts. Sea—

I sonal counts are mad e to determine the variations due

to time of year. These seasonal counts are especially

I important on routes used in recreational areas.

I
I
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I
I All these inputs result in factors that are applied

to the sample counts. The end result is an estimate of

• 
I 

Average Annual Daily Trafflc(AADT) for the links of the

highway or street system .

In the West Virginia Traffic Counts, the resulting

I 
traffic estimates are arranged by roads in a county . In

this arrangement , the section of road , length of link,

I the AADT, peak hours, peak hourly volume, and peak hour

percentage are arranged in columar form .

I There is a yearly summation of road mileage and

vehicle travel In the West Virginia Traffic Count Report

I also. Here, the highway system Is broken down by usage

and by State or Federal designation . Miles of road in

the State are given for each classification . Annual

I vehicle—miles and daily vehicle—miles per mile for each

classification are also given .

I With this information , an engineer can total the

( miles of roadway in a particular study area, classify by

usage, and then use the reported figures to obtain an

estimate of vehicle-miles of travel In that area.

This information can further be used to provide

I estimates of air pollution and fuel usage. These latter

estimates are becoming more and more important in light

of today ’s environmental statutes and energy considera—

tions. Priorities on maintaining or upgrading certain

roads could be formed knowing the usage of these roads.

L

1 

-~~~- •
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I
Counting by Sampling - -

I 
Suppose one wanted to find volumes for the arterial

streets in an urban area. The total length of this par-

I ticular class of roadways in the area would first be

defined. To get a count of traffic, portable counters

I must be set out to record the vehicles as they pass over

the streets. To be truly accurate, one would divide the

I roadways into links of approximately equal lengths and

then place a counter on each link. But, this could lead

to an enormous project. Since time , money , and manpower

I are quite real constraints, the use of sampling is the

preferred course of ac t ion.

I FIGURE 1.
SAMPL E SURVEY REPRESEN TATION

I C C
0 0

I TIME U U

Hours N N

I T

I A B C D ~ F G H I T K  L etc.
Links in a class

of road s

I The results of a sampl e survey are shown in Figure

1 1. A vehi cl e count of link s E and J over a time period

is shown. The link s counted are chosen by statistical

I method s to represent all links in this class of roads.

I
I

-------- 
- : i~~~~~~~~~~~~ - - -~~~- - • _~~~~~ - - - - - -~~~



-~~

L I
15

I
I The other Hnk s in this class have no counts  taken d u r i n g

this time period . By carefully classifying the road s into
— 

1 common classes, one can assume the other links of thi s

class behaved in the sam e way wi th approximately the sam e

I numbers of vehicles using those l inks. This is the

l 
assumption governing the counting of traffic today .

Samp ling to obtain an average amount of usage and then

I mul tiplying by the to tal miles of tha t class of road is

the method used to arrive at an estimate of VMT for the

I class for the entire study area .

FIGURE 2.

I IDEAL COUNTING SYSTEN

C C C C~~ C C C C C

TIME
T_T ~ ~1 1) ~ 1’ ~ TJ

I Hours

etc. -

Link s in a class
I of road s

In Figure 2 the ideal counting system is shown . A

I counter for every link is recording vehi cles throughout

I a specified time period . Restrictions of both manpower

and costs make this type of coun ting infeasibl e , however.

- I
1
I
I 

~ -~~~~~-~~
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Counts in a Short Time Period - -

In Figure 3 the counting of t raff ic by remote

I sensing Is shown . The count is only for short time

periods simulating the traffic counts obtained by aerial

I photographs. From the vantage point of altitude, one can

study all links of roadway in an area . An aerial photo-

graph or series of photographs can look at only a short

1 time span of vehi cl e movem ents. But wi th proper inter-

pretation , all vehi cles that are in posi tion to be

I record ed can be counted.

I 
FIGURE 3.

REMOTE SENSING COUNTING

I C O U N T
TIME

C O U N T

I _________________________________________

A B C D  E F G H  I J K L etc.

I Link s in a class
of road

I To obtain a perfect coun t in thi s fashion , a system

of recording would be need ed that record ed continuoi’sly

from beginning to end in a counting period . A system

such as this using aerial photographs is not feasible

I either economically or technically at present. There—

fore, sampling of all links by short intervals of time is

I 
—

1

L • - -- - -
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I
proposed for use much the same way current counting

practices use samples of lengths of road coun t ed for 24

$ hours or 48 hours at a t ime.

A Combination Approach

This thesis proposes that traffic counts of an area

I can be obtained by using a combination of link sampling
- 

by mechanical counters and area sampling by aerial

I pho tographs.

FIGURE 4.

I COMBINATION OF REMOTE AND
MECHANICAL COUNTING

i~~~~~~~~~~ i i 0 r

I C O O I J  N T O

I TIME C O T U N T T _ _ _ _ _ _ _

Hours I L I1~ I1 A B C D E F ~~ T J K L  etc
Link s in a class

I of road

Figure 4 shows the basic principle. If one can

I obtain an accurate count on several links throughout a

‘ 
day-long period and then combine wi th thi s accurate

- counts of all links in the area for short time periods,

I then one could build a matrix containing values for all

I
I
I 
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I links throughout the day-long counting period . This

matrix would be completed using the broad guidelines of

I the FHWA that are listed below.

I Guidelines

The Guide to Urban Traffic Volum e Counting prepared

I by the Federal Highway Administration gives the following

findings:(11 :19,20)

I 1. Urban traffic follows daily and hourly van-

I ation patterns which are generally consistent and

often predictable. Urban traffic volume patterns

I exhibit relatively little weekday and seasonal var-

iation. The per cent of total traffic occuring in

I any given period is approximately the same along

any route.

2. The more counts, even though of a very short

I duration, the greater the reliability of the re-

sulting estimate. Similarly, the heavier the

I traffic volume at a particular location, the

I 
greater the reliability of a given sample.

3. The distribution of counts throughout a day

I is more significant than the total time during

which the traffic is counted . The number of sepa-

I rate and independ ent observations is more

1 
important than the number of hours of each

f observation.

I
I 
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I 

4. As counting locations are combined , the samp-

ling variability resulting from short-counts

I diminishes.

1 5. Stratified sampling techniques have merit

over simple random sampling in estimating VMT,

I since they reduce the variation within parts of

the total sample.

I 
_ _ _

6. Sampling more locations, each for a shorter

I period of time , will lik ely resul t in less error

than sampling a few locations, each for a longer

I period . This implies maximizing the number of

different locations sampled.

I 
The preceding broad guidelines serve as a map for

this experiment. Short counts, as representative of the

I counts obtained by aerial photo s, over a large number of

location s coupl ed wi th the knowl edge of hourly and daily

1 variations of traffic flow should provide the basis for

a reliabl e estimate of VMT for an area.

I
I
I

_ _ _ _ _ _  
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CHAPTER IV - -

ANALYTI CAL TOOLS

I Use of Patterns

I Over the y ears, there have been numerous studies

analyzing traffic flows and their hourly variations.

I Nearly every traffic study has charts of traffic flow

versus hour of day or trip ends versus hour of day to

I show the pattern of traffic in the study area. In the

I 
Transportation and Traffic Engineering Handbook published

by the Insti tute of Traffi c Engineers , there are several

I graphs showing these patterns in the chapters on general

and urban travel characteristics. While varying from

I city to city , urban tra f fi c in a speci fi c area is gen er-

— 

‘ 
ally consistent, as pointed out previously. Therefore,

if one can ascertain a pattern to the traffic flows being

I studied, then flows of traffic in the same area can be

estimated . This is one premise this experiment will

1 attempt to prove.

Muranyi(19,20) has made in-depth studies of this

I pattern phenomenon in both Europe and the United States.

i His work led to his proposals of traffic volume esti—

mates based on factors of road classification and time

1 variation.

I

I
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- I
- Aerial Counting -

While it is technically possible to obtain a full

I hour of photographs of a highway network at one time,

I the cost of such sri approach would be enormous. First,

there would be the cost of the f i lm. Exposures need to

I be taken every few seconds to be able to follow indi-

vidual vehicles. An hour ’s worth of film for this many

I exposures would require many feet of film and space to

store it. The magazines of aerial cameras simply do not

have this capacity.

I Secondly, the space traversed by the platform used

for photography has to be considered . The fixed wing

t aircraft covers distance quite fast. night patterns

I can be arranged to pho tograph the same area , but at the

cost of some coverage.

I The helicopter has been used in quite a few experi-

ments. It has the ability to hover over one area or to

I follow the flow of traffic. It Is not a steady platform

I 
and flight duration is a factor in the longer counts.

In the New Orl ean s STAR Project , the Goodyear blimp

I was used in obtaining pho tographs. The blimp proved to

be a steady platform for photography, of fairly long

I endurance, and relatively economical. It does have

I 
limits on the altitude that can be reached and weather

affects operations.

I 
~~~~~~—--~~~-—~~~
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I
Satellite Observation s -

After studying the available literature, the use of

I satellites in traffic observation has to be ruled out for

I the present time. The main reason is resolution. The

resolution available to non-military users is too poor.~

I for use in coun ting vehicles.

Another reason is coverage. Orbits cover a specific

I area on the earth’s surface only for a few minutes each

revolution. The earth resources satellites cover the

entire earth with their orbital paths as each successive

-o rbit shifts westward . Consequently, they pass over a

specific area of the earth only once every 18 days.

However, cloud cover generally reduces coverage to some

multiple of 18, depending upon geographi c locati on .

1 In the report(12) of remote sensor imagery used in

the Tellico area of Tennessee, the researchers conclud ed

they could not use the images that woul d be produced by

satellites. They used photographs taken from aircraft

to simulate the images that would be available from

satellite observations.

I Aerial Photography

1 For this experiment, aerial photography was chosen

I as the form of remote sensing that could be used in conn—

I ection with traffic counting. One reason is the amount

-
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I
I 

of equipm en t and information available in this area.

Costs are low. Another reason is that computer systems

I being developed use film as the method of recording the

movements of vehicles.

I Advanced sensors such as infrared scanners, tele-

I 
vision, or multispectral sensors have not been developed

to the point where they would be a viable economic alter—

I native to the aerial camera in recording traffic flows.

Because of the unknown areas of this research, the

I experiment has concentrated on using material that is

I 
familiar to most people engaged in traffic counting .

Hence, aerial photographs and contemporary t raff ic cowl-

I ters are addressed in this experiment.

Simulation

In order to simulate the counts available from aerial

I photographs, hourly counts taken from pneumatic counters

I 
will be used . This simulates the short counts of aerial

counting. While the short counts available by aerial

I methods are not of an hour’s duration, the basic idea of H

obtaining a fraction of the vehicular traffic and then

I estimating the total count for 24 hours can be shown by

using the hourly counts. From that point, it is simply

I an extension of the basic process to expand a count of

less than an hour to an estimate of a 24 hour count.

II
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I 
There is further discussion of this in the section on

future research .

I

L I
I
I
1
I
I —

I
I
I
I
I
I

I
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CHAPTER V -

THE TESTING

I Thi s study shall test  the hypo thesi s that t raff ic

I counts of an area can be obtained by using a combination

of link sampling by mechanical  counters and area

I sampling by aerial pho tographs.

First, counts of roads that are close spatially

I and carry the same general levels of t raff ic are selected .

I 
Counter record s suppl i ed by the West Vi rginia Department

of Highway s are used for data and are shown in Table 1

I in the Appendix. The area used for study is the city of

Morgantown, West Virginia and surrounding area. This

I area has a population of approximately 50,000 people.

l 
After selecting the link s for study, the hourly

values of the t raff ic counts are arranged in a matrix

I form. That is, they are arranged by link and by suc-

ceeding hours. From this , a 24-hour total vehicl e count

I for every link can be obtained .

Then, counts for certain links are removed . The

I hourly counts extending across every link in the study

can be manipulated to form a matrix of a few columns and

rows with varying numbers of mi ssing values of hourly

I counts. This correspond s to pneumatic counters on cer-

tam links and a rial photographs taken at specific time

I intervals. From this reduced matrix, estimates of

I
I 
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I
vehi cl e t raff i c for each link for a total 24 -hour period

will be mad e using the guidelines previously men tioned .

Then compari son of the estimates of vehicles of the
- 

incomplete matrix is mad e wi th the values obtained from

f the complete matrix of hourly counts. The number and

location of hourly counts , the number of fully counted

I link s, and the duration of counts can be changed . One

objective woul d be to obtain an accurate count using the

fewest number of link s completely co unted ( pneurnati c

I counters) and the fewest number of hourly counts(aerial

photographic counts).

1
I
I
I
I
I
1
I
I .
I
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I
The Count

I 
The data used was for t raff i c counts in the Morgan-

town area on April 20 , 1977 as record ed by the West

Virginia Departmen t of Highways.

The following l is t  of count stations has the West

Vi rginia DOH station number , the s t r e e t - o r  highway , and

a classification by usage.

Station Number Street/Highway Classification

32 Stewart Street Collector
3 Fayette Street Collector

10 Univers i ty  Av enue Collector
1 16 Willowd al e Road Collector
I 27 Campu s Drive Collector

1 Kirk Street(one-way ) Arterial
28 Chestnut  Ridge Road Arter ial

I 2 North Hi gh Street Arteri al
7 Spruce Street Arterial
6 Spruce Street Arterial

1 9 Walnut Street Arterial
I 33 Patteson Drive Arterial

4 North Hi gh Street Arterial
39 Monongahela Bnul evard Arterial
42 Monongah ela Boulevai cl Arterial
41 Monongahela Boul evard Arterial

I A cuto ff of 5,000 vehicles per day was used as the

‘ 
definition of arterial versus collector. The traffic

counts were a 48-hour coun t at each station . For thi s

I study,  the 24-hour count for  midnight- to-midnight  on

April 20 , 1977 was used as the study input. Sixteen

I stations were used .

2

i
I

A
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Use of Counts - -

The traffic flow was summed for each hour segment

throughout the day . The hour designation for each

vehicl e coun t is the hour at the end of the timespan

being counted . For exampl e, the count for hour 6 at

Station X is the number of vehicles passing Station X

between 5 a.m. and 6 a .m .  The hours of the day were

numbered sequentially from 1 to 24.

Each station had its hourl y counts to tal ed to

produce a to tal daily count. The entire group of 16

4 
stations wi th their 24 hours of counts formed a mat r ix .

The counts were considered as base counts for compari sons

to the estimated counts.

The West Vi rginia Departmen t of Highway s used the

average of the two daily total s of t raffic as the Average

Daily Tra f f ic (ADT)  for a partl cular station .

In using only a one-day coun t as representative of

daily t raff ic , variation from the av erage was expected

and encountered . Thi s study was aimed at examining the

time variat ions for one specifi c day . The assumption Is

mad e that the count of vehicles used was a fai r and

accurate representation of the daily t r a f f i c .

By using certain stations’ hourl y counts as repre-

sen tative of variations by t ime over the 24 -hour period ,
— I then other ststions ’ total vehi cl e counts for that day

I

L  _
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- 1 w e r e  estimated This estimation was ba8ed on using sel

ected hours of the station counts to be estimated and

multiplying these hours by factors drawn from stations

selected as indicators  of t ime and frequency variations

I in t raff ic .

I Description of computer Procedures

I
To explain the computer program writ ten for thi s

I study, an explanation of the mathematics  used to obtain

a computed coun t for compari son wi th an actual count is

1 shown in the following example.

The counts used are for Stations 42 and 4. These

counts are shown in Tabl e 1.

— ( Tabl e 9.1 is the tabl e of computed counts using

Station 42 as the basi s for estimating the counts at the

1 15 remaining stations.

The 24 hours of the day were divided into 4 six-hour
I segments. These segments were hours 1 — 6, 7 — 12 , 13 —

1 18, and 1 9 - 2 4 .

The hours used for each segmen t to provide counts

I for d factor of mul tiplication were the hours of 1, 9,

17, and 20. These hours were chosen to have one hour in

I each of the 4 six-hour segm en t ri. These singl e hours were

called division hours.

I

I 
. - - - -  
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I
The computer program computed an estimated count for

I Station 4 in the following manner.

I For Station 42, the counts for hours 1 through 6

were summed .

1 203
+104
+39
+ 2 3

- + 3 1
+118

1 518 total vehicles
To obtain a factor for thi s segment of hourly counts,

I thi s total count was divided by the Station 42 count for

hour 1 , the divi sion hour for that segm ent.

518_ 
= 2 .552 , factor for the first

1 203 segment

For the remaining segments of counts, a similar pro-

I cedure was used to obtain factors for each segment.

Hours 7 through 12 , the factor is 4. 870.

Hours 13 through 18, the fa ctor is 5.792.

Hours 19 through 24 , the factor is 4.230.

Since , in a remote sensing look at t raff ic , the

I counts for hours 1, 9, 77, and 20 would be known for

1 Station 4 al so , the next step in the computer program

was to mul tiply the counts for these hours at Station 4

I
:1

I
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I
by the factors obtained from Station -42.

This gave an estimated total count for all six hours

I in each segment. These total counts for each of the

segments were then summed to produce an estimated count

I for the station for the day .

I 
Station 4 Counts Factor

Hour 1 252 X 2.552 = 643

I 
Hour 9 872 X 4.870 = 4246

Hour 17 1086 X 5.792 = 6290
Hour 20 813 X 4.230 = 3439

I To tal 14618

Then the computer compared the computed count of

14618 wi th the actual count of 14905- for Sta ti on 4 and

computed the chi-square factor of 5.520.

The percentage difference was computed manually .

I The computed count differed from the actual count

by -1.9%.

I Similar procedures were used to obtain estimated

counts for the other series of estimates using different

stations or hours as basis to calculate the factors for

I the segments of hours of the day .

I Chi-Square Test

Since frequency of vehi cl e passage is the basis of
I traffic counting, the initial thought of a test for the

f “goodness” of the estimated counts led to selection of

the chi-square test.

I
I
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Thi s test is a measure of the discrepancy existing

between observed frequencies and expected frequ encies.

I In thi s study, the counts supplied by the West Virginia

DOH served as the absolute or expected frequencies of

vehiôles counted . The estimated frequency of vehicles

for each station calculated by the computer program

written for this study would serve as the actual or

I observed frequency .

Chi-square is given by the formula:

.)C 2 = 

(O~ — ej ) 2

e~

- 
where O~ is the observed frequency

I and ej  is the expected frequen cy .

I If = 0, observed and expected frequencies are

equal . If )(2
� 0, then there is a discrepancy between

I observed and expected frequen cies.

The values forX
2 are based on degrees of freedom.

For this estimation, the number of degrees of freedom was

I equal to k - 1 , where k = number of frequencies to be

estimated .

I After several computer run s, it becam e obvious the

I 
chi-square test was inappropriate because of the large

chi-square values being computed. There simply was too

I
1
I 
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I 
much variation in the counts of the etation8 to state

that one street had the same frequency of traffic as

I another street. The variations between actual and est-

imated counts were much more than could be attributed to

I chance as shown by tables of chi-square values applicable

I
to the degrees of freedom determined by the numbers of

estimated counts. Therefore, each street did have a

I differen t frequency of traffic for each segmen t of hours

of the day. This difference in frequencies was apparently

I more than would be applicable to chi-square testing with

its assumption of almost normally shaped distribution of

I expected frequencies. How much difference in frequencies

I would be determined by how well the estimated counts

could be matched to the actual counts.

I However , the number produced by chi-square coul d

serve as a relative indicator of the “goodness ” of esti-

I mation. The chi-square number was independ en t of size

i 

of sampl e and by being squared , always a posi tive number.
I Therefore, thi s number is listed along wi th the estimated

frequency to tals. The number gives a qui ck way to deter-

mine which stations produced the greatest amounts of

variation.

I Comparisons Made in the Study

For this study the difference between observed and

I expected frequencies was tabulated by the just-mentioned

I
I 
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I 
chi-square fa ctor and by a percentage compari son of the

actual and estimated counts. This percentage compari son

I is important because t raff i c count sampling is designed

to obtain counts of t raff i c that are wi thin a specifi ed

I percentage of actual numbers of vehi cles. By l isting

I 
this  percentage d i f fe rence  between actual and estimated

counts , i t  can be ascertained how well the estimating

I procedure is perfo rming to produce counts for those

stat ions being estimated .

I Using the Statistical Analysis System , a correlation

matri x between hours of counts and a correlation matrix

I between the counting s tat ions were cal culated . The

factor  analysis  program was al so run on the groups of

counts by hours and on the group of stations. Using

I different combinations of hours and/or station s, it can

be ascertained if any relationships exist among the counts

I at the counting stations or among the counts by hour. It

I can al so be seen how strong the correlation is between

specific hourly counts for different stations.

Truck Factor

I For this study the truck factor adjustment was die-

regarded. West Virginia DOH applies a truck factor(TF)

for certain roadway s that is statewide in applicati on .

Therefore, any factor applied in the Morgantown area did

•1
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I
I not reflect an accurate assessment of the volume of

trucks using the streets. The truck factor was applied

I only to the total daily count. In actual counts, the

truck factor cannot be disregard ed . For thi s study, the

I number of vehicles counted during each hour was not

factored in any way. This was because the study was
- aimed at comparing variations in traffic flows.

I An important benefi t of aerial photographic studies

is an accurate count of the numbers of trucks using the

I road s and streets. The truck factor obtained from aerial

i 

means is a unique and accurate figure to apply for
I adjus tments  of the t raff ic  counts in a specifi c area .

I
I
I
I
I
I
I
I

-i i
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I 
CHAPTER VI - -

RESULTS OF TESTS

The results of using a computer program to generate

I estimates of traffic volumes based on patterns of flow

are shown in tables contained in the Appendix.

I Since this approach has not been studied before,

the objectives of the study includ ed finding stations

I whose flow pattern s would serv e as reasonabl e guides to

flow patterns of other streets and f inding hours of the

day in which counts could be used for estimation .

Two approaches were used in dividing the hours of

the day into segments which had hourly counts which could

I define a def in i te  pattern . One method was to divide the

i 

day into four six-hour segments. These segments includ ed

I the hourly counts for hours 1 to 6, 7 to 12 , 13 to 18,

I and 19 to 24.

The second approach was to divide the hours of the

I day into six segments. These segments includ ed hourly

counts for hours 1 to 6, 7 to 9, 10 to 12, 13 to 15, 16

to 18, and 19 to 24. These two approaches were used to

I test the theory that a day ’s traffic flow could be

brok en into segm ents of flow. By narrowing the seg-

ments that included the morning and evening peak hours,

those peak hour volumes should have a strong effect upon

I predictions for the peak hour volume estimates for all

1 
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I
roads. Since a substantial percentage of the daily

- t raffi c i B  concentrated in peak hour flows, it would

I appear logical to concentrate upon those peak hour

counts.

S The tests were carried out in the following order:

I 
(a)  Four Stati on s,

- 

(b) Five Stations,

$ ( c )  Six Stati ons , and

(d) Sixteen Stations.

I This order refers to the number of station s used in each

series of e8timations.

I For the four-station tests, four stations were

I chosen that were geographically close. They were 1/2 to

3/4 of a mil e apart.

I For the five-station tests, five stations were

chosen that were in the mid-range of volumes of traffic.

I This was to minimize the effects of stations having

I volumes of traffic on the extremes of the range of

volumes.

I Four of the stations were located in the downtown

area. One was located on a major arterial near the

I Evansdale campus. All had heavy peak hour volumes.

I In the six—station tests, stations were chosen with

high volumes of traffic. The locations of these eta—

I tions were widely separatc’l .

For the sixteen-station tests , all of the counting

I
I



I
i
I stati on a were lumped together  w i t h  a resul t ing m i x t u r e

of volumes and t ime  pa t te rns .

I One hourl y count In each of t)~e segm ents of counts

had to be u8ed to obtain the factors used for estimation .

I During the f i r s t  par t  of this study, these hours were

I chosen at random.  This was don- a to study the effects of

using d i f f e r e n t hour ly  counts  in e s t ima t ing  vo lumes .

In the l a t t e r  part of the  s tudy ,  a stat i stical

analysis of the hours  and s t a t i ons was In t roduced . A

1 compu tation of co r re la t ions  and a f ac to r  analy si s were

I executed for the hourly counts and counts of stations.

The results of these are detailed in the section on 
J

factor analysis and in Tables 2 & 3 in the App endix .

I Vehicl e Counts

Tabl e 1 is a listing of vehicl e counts by station

I and hour. The West Vi rginia DOH weekday average daIly

traffic(ADT) is also shown . The count of the station

I that is used as the base for compari son in this study

is also shown. This count is compared to the ADT and

percentage difference is noted . The percentage differ-

I ence ranges from a -3.5% to a +6.4% for individual

stations. The last two columns of the table show the

I sum of the counts for each hour and the ranking by

volume of the hours. The table is arranged by the
I lowest to highest volumes for the stations.

i i
I



I
40

I
I 

Correla t ions - -

In Table 2, the correlations of hourly counts for

I the day of all stations are shown. These correlations

were computed us ing the Sta t i s t i cal Analysi s System

I program . A per fec t  correlation is shown by the number

1.00000 . The number  shown at the intersection of a row

I and a column shows the correlat ion between the count of

the hour of the row and the coun t of the hour of the

column . This number is called the R value.  The closer

thi s number is to 1.CYYY), the stronger is the  correl a-

tion between the counts  of the two hours .

I For exampl e , the corre la t ions  shown in the column

under  Hour 1 are the cor re la t ions  between the counts for

Hour 1 and the counts for all other  hours in the day .

I There was no s trong correlation shown between hourly

counts in the early morning and hourl y counts throughout

I the rest  of the day . The hourl y counts for  Hour 4 showed

I very poor correlation with most other hourly counts for

other  hours of the day .

I For exampl e , the correlations between the counts

for  Hour 4 and the counts for  Hours 12 and 13 were , res—

I pectively,  0.55707 and 0.44538 . This means tha t only

I 
approximately 20% to 30% of the variat ion between these

hourl y counts could be explained as normal deviat ion

I from a common f ac to r .

Another fea ture  noted in the correlation analysis

L I
I
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I
was the high correlation throughout the daytime hours

I of a particular hour with tne hour or two hours immedi-

ately preceding or following a particular hour. For —

I ex ampl e, the correl a tion of the count for hour 14 with

the counts for hours 13 and 15 shows a very high R value.

The signi’icance of th i s  may l ie in the fact  that hourly

I counts may not be the best way to count traffic. In thi s

study, t raf f ic flows of a parti cular variation appear to

I last longer than an hour in t ime span.

Tabl e 3 shows the correlations between the counts

for all 16 sta tions used in the study . As expected , the

1 correlations between the counts for the stations with

the smaller volumes  of t raff ic were not as strong as the

correlations between the counts  of stations wi th the

larger volumes.

Four Station Tests

Tables 4 .1 .1  through 4 .3 .4  show the results of es t—

I imation in the counts of four s tat ions.  The sta ti ons

used were stations 28 , 16 , 27, and 32.

The day was divided into six segments of hours as

I described earl i er.

Tables 4 . 1. 1  through 4 .1 .4  show the results of using

I two of the stat ions as basi s for est imating the counts

for the remaining two stat ions.  The randomly selected

I hours used to provide factors for estimation in each

I
— I 
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I 
segment of hours were the hours of 2, 9, 13 , 13, 17, and

19.

I In Table 4.1.1 , stations 27 and 32 were used to

est imate  the counts for stati on s 28 and 16.

I Resu l t s :  —0.6% d i f f e r e n c e  in total  counts  
—

33.973 to tal chi-square factor

I In Tabl e 4 . 1 . 2 , s tat ions 28 and 32 were used to

I est imate the counts for s tat ions 16 and 27.

Resul ts :  —4 . 8% d I f f e r e n c e  in total counts

I 9 1.512 total chi—square  fac tor

In Table 4.1.3, stat ions 28 and 16 were used to

I est imate the counts for s ta t ions 27 and 32.

Resul t s :  +0. 8% d i f f e r e n c e  in total ~~~~ ts

17.996 to tal chi—square  f ac to r

I In Table 4.1.4, stat ion s 16 and 32 were used to

estimate the counts for stations 28 and 27.

I Results: +2.4% difference in total counts

3 1.560 to tal chi-square fac tor

I For Tables 4.2.1 through 4.2.4, the randomly

selected hours of counts used to provide fac tors  for

I estim~tion were the hours 6, 8, 12 , 15, 18, and 20.

I 
Again two stations were used to provide the basis for

estimation of counts for the remaining two stations.

I
In Table 4.2.1 , stations 16 and 27 were used to

I
I 
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I 

est imate the counts for stat ions 28 and 32.

Results:  -1 .5% d i f fe r ence  in total counts

I 8.29 1 to tal chi—square factor

In Tabl e 4. 2 .2 , s tat ions 28 and 27 were used to

I est imate the counts for sta t ions  16 and 32.

Resul ts :  +1 .3% d if f e r e n c e  in total counts

I 13.905 to tal chi-square factor

In Tabl e 4 . 2 . 3 ,  s tat ions 27 and 32 were used to

est imate the counts for  stations 16 and 28.

I Results :  + 1 .1% d i f f e re n c e  in to tal counts

15.077 total chi—square  factor

I In Tabl e 4 . 2 . 4 , st a t i o n s  28 and 32 were used to

I 
es t imate  the counts  f a r  s t a t i on s  16 and 27.

— Resul t s :  +1.8% d i f fe r e n c e  in to tal counts

I 16.562 to tal chi-square facto r

Comments

I A d i r ec t  compari son between the resul ts  of

J 
Tabl e 4 . 1 . 1  and Tabl e 4 . 2 . 3  shows the second series of

hours produced bet ter  estimates as shown by the chi—

I square fa c tor.

The same is true for a compari son between the

results of Tabl e 4 . 1 . 2  and Table 4.2.4. For these

stations, the counts for the hours of 6, 8, 12, 15, 18,

I and 20 produced bet ter  resul ts  than the counts for the

I hours of 2 , 9, 10 , 13, 17, and 19.

Another resul t to no te  is the mak eup of the

I
I 
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I
chi-square fac tor .  This factor  Is a measure of “good-

ness” of est imation . In all preceding tables , the

I to tal chi-square factor had a large part of i t  composed

of the ch i—square  fac tor  for  one station . In other

I word s , the es t imate  of one station was “good” or of low

var ia t ion  from the tru e coun t , while the es t imate  of the

I remaining station had an estimate of a much greater

vari a tion .

I 
For the nex t series of tests, the same four stations

were used , stations 28 , 16 , 27, and 32.

Only one s tat ion was used to estimate the counts for

the remaining three s ta t ions.

I The hours of the day were divided into six segm ents

to provide six groupings of hourl y counts.  One hour  in

each of these segments was chosen to provide the counts

I for  the factors  used in estimating. The counts  used were

the counts of hours 2 , 9, 10 , 13, 17, and 19.

I By using the same four stations but only using one

station to estimate the counts for the  remaining sta—

I t ions , i t  can be determined what kind of accuracy loss

can be attributed to reducing the basis of estimation
- from two stations to one s tat ion .

I
1
I
I 
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In Table 4.3.1, station 28 was used to estimate the

counts for  stations 16 , 27, and 32.

Results :  -4 .2% d i f f e rence  in total counts

83. 129 total chi-square factor

In Tabl e 4 . 3 .2 , s tat ion 16 was used to estimate the

counts for stat ions 28 , 27, and 32.

Resul ts :  +9.9% d i ff e r ence  in to tal counts

263 . 112 total chi-square facto r

In Tabl e 4 .3 .3,  station 27 was used to estimate the

counts for s ta tion s 28 , 16 , and 32.

Resul ts :  +3.9% d i f f e r e n c e  in total counts

86.405 total chi-square fac tor

In Tabl e 4 . 3 .4 , station 32 was used to est imate the

counts for stations 28, 16 , and 27.

Resul ts :  -5.6% d i f fe rence  in total counts

105 .342 total chi-square factor

In comparing the results  of using two-station esti-

mates and using one station as the est imator, the esti-

mates  were bet ter  using two stat ions as basis for the

estimated counts. Thi s is partially explained by the

fact there were fewer stations to estimate. However,

the averaging tend ency of combining two stations for a

basi s for es t imat ion can explain some of the reduction in

errors of est imat ion .

I
I 
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Station 16 seemed to be the worst station both for

estimating and for use as a basis of estimation . It is

in the same area as station 28, Yet, it does vary con-

siderably from station 28 when both are estimated by

other stations.

Station 16 is on a roadway connecting roadways

measured by stations 28 and 32. Chestnut Ridge Road

(Station 28) and Stewart Street(Stat ion 32) carry t raf f ic

to and fro m centers of a t t ract ion, i . e . ,  downtown and

1 the Evansdale Campus. Willowdale Road(Station 16)

I 
connects these two roadways.

Th erefore , even though these three stations are in

I close proximity  to each other , the roadway connecting

two main routes of travel to and from centers of attrac-

I tion does not appear to be useful in predicting travel

on those main routes.

I Another aspect of est imation noted in the one—

station tests were relat ionships between station s 28 and

32 , and between stations 16 and 27 in predicted counts.

I According to the percentage d i f fe rences  and chi-square

factors, stations 28 and 32 could be presum ed to have the

same flow patterns. The sam e holds tru e for  station s 16

and 27. While one station of these two-stat ion groupings

predicted the other  station of thi s grouping well , the

I remaining two s tat ions had a much greater error.

I
1
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I
I Five Stati on Tests -

In the series of tests using f ive  stations, the

I thrust of the effort  was directed toward test ing whi ch

combination of hours chosen provided the closest

I est imates of the true counts of t r a f f i c .

I 
The f ive  s tat ions had volumes of counts located near

the middle of the range of volumes for all the stations.

I This was to min imize  any ef fec ts  of stations having very

large volumes of t raf f ic or very smal l volumes of traf-

I f ic.  The s tat ions used in thi s series of tests were the

1 
stations 33, 9, 6 , 7, and 2.

I The 24 hours  of the day were divided into six seg—

ment s .  The segments of hourl y counts were the hours of :

- 1 to 6 , 7 to 9, 10 to 12 , 13 to 15, 16 to 18 , arid 19 to

1 24. This was to have a smaller number of hourly counts

clustered about the peak hours.

I Four sets of hours were used as divi sion hours.

These hourl y counts provided factors  for estimation for

each section of hours  of the day . The hourl y counts were

I chosen randomly,  but  chosen so as to have one hour in

each of the six segment s  of hourly counts throughout  the

1 day .

Tables 5 . 1 . 1 ~hr nu~~h 5. 1.4 show the resul ts  of using

s ta t ions  33 and 9 com~-i ned to i~ -odu ce es t imates  of counts

j for  s t a t ions  f , 7, and 2 .

I 
—
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In Tabl e 5.1. 1 , the division hours were the hours

of 2 , 9, 10, 13, 17, and 19.

I Results: +0.8% difference in total count

12.530 total chi-square factor

I In Tabl e 5 .1 .2 , the division hours were the hours

of 6 , 9, 12 , 15, 18 , and 19.

Results:  -0.5% difference in to tal count

32 .005 to tal chi-square factor

In Tabl e 5.1.3, the divi sion hours were the hours

I of 3, 8, 11 , 14 , 17, and 20.

Results:  +4 .6% d i f f e r en c e  in to tal count

I 202 .89 1 to tal chi—square  facto r

In Tabl e 5.1.4 , the divi sion hours were the hours

of 6 , 8, 12 , 15, 18 , and 20.

I Results:  +0.7% d i f f e r en c e  in to tal coun t

24.3 11 to tal chi-square fa cto r

I
Tables 5.2.1 through 5.2.4 show the results of using

I stations 33 and 7 combined to produce estimates of counts

for stations 9, 6, and 2.

I In Table 5.2.1 , the division hours were the hours

I of 2, 9, 10, 13, 17, and 19.

Results: —0.2% difference in total count

1 8.028 total chi-square factor

I
I
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1
In Tabl e 5.2.2, the divi sion hours were the hours

of 6, 9, 12 , 15, 18 , and 19.

Results: —0.1% difference in total count

24.193 to tal chi-square factor

In Table 5.2.3, the divi sion hours were the hours

of 3, 8, 11 , 14, 17, and 20.

Results: +1.6% difference in total count

39.201 to tal chi-square facto r

In Table 5.2.4 , the division hours were the hours

of 6, 8, 12, 15, 18, and 20.

Results:  —1 .3% d i f fe rence  in to tal coun t

58.784 total chi-square factor

Tables 5.3.1 through 5.3.4 show the results of using

stations 7 and 2 combined to produce est imates of counts

for stations 33, 9, and 6.

In Table 5.3.1 , the division hours were the hours

of 2, 9, 10, 13, 17, and 19.

Results: — 1.8% difference in to tal count

24.864 total chi-square factor

In Table 5.3.2, the division hours were the hours

J of 6 , 9, 12 , 15, 18, and 19.

Results: +0.2% difference in total count

21 .793 total chi-square factor

I
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In Tabl e 5.3.3, the divi sion hours were the hours

of 3, 8, 11 , 14, 17, and 20.

I Results:  — 3 . 6 % d i fference  in to tal counts

166.151 total chi-square factor

- In Table 5.3.4, the divi sion hours were the hours

I of 6, 8, 12, 15, 18, and 20.

Results: —1. 8% difference in total count

1 54.501 total chi-square factor

I Tables 5.4.1 and 5.4.2 show the results of using

stations 9 and 6 combined to produce es t imates  of counts

I for stations 33, 7, and 2.

In Table 5.4.1, the divi sion hours  were the hours

of 2 , 9, 10 , 13, 17, and 19.

I Results: +1.3% d i f f e r ence  in total count

1 20.630 total chi-square factor

i In Table 5.4.2, the division hours were the hours

of 3, 8, 11 , 14, 17, and 20.

I Results: -0.2% difference in total count

72 .966 to tal chi-square factor

I
Due to an oversight in running the computer program ,

I estimates using the divi sion hours of 6, 9, 12, 15, 18,

and 19; aad the hours of 6, 8, 12, 15, 18, and 20 were

I not made. 

-—— -- _-~~~~~ j
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I
Comments -

Overall, the first set of divi si on hours , the hours

of 2, 9, 10, 13, 17, and 19, gave the best est imations.

Thi s means the counts of those division hours were the

T counts used to calculate factors used for estimation .

In comparing the second and fourth sets of division

hours, the hours of 6, 9, 12 , 15, 18 , and 19; and the

hours of 6, 8, 12 , 15, 18, and 20, the fourth set of

hours gave results showing greater variation from actual

counts at the stations. The difference between the two

sets of hours was the changing of two of the hours used

as division hours. The fourth set of division hours used

hours 8 and 20 in place of hours 9 and 19 of  the second

set of division hours.

This is the ranking of hours by volume:

Hour Rank

- 8 13

9 8

20 10

1 19 9

Therefore , the d i f fe rence  in accuracy between these

I two sets of division hours appears to be due to the use

I of higher volume hours as basi s for estimation .

Again noted in thi s series of tests were the dis-

I tri bution of the chi-square factors. This facto r is a

measure of the “goodness” of the estimate. The greater

I
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the error of the estimated count from the actual count,

• then the greater the chi-squarç factor.

I In thi s series , as in the previous series of tests

wi th four station s, the total chi-square factor  was

I mad e up in large part by the chi-square factor of one

station . Thi s one large chi-square fa c tor did not  come

I from the same stati on in each series. Thi s fact  could be

I an indication that to predict the coun t at a certain 10—

cation , there need s to be spe-2ific combinations of hours

used to est imate the count and specifi c combination s of

other stations to serv e as a base for est imation .

Six Station Tests

I Six stations were used for the next  series of tests.

The six stations were stations 9, 28 , 33, 39, 41 , and 42.

The locations of these stations were widely separated .

I The locations were all on high volume routes .  The

stations were chosen because of th is  factor .  Variation s

I of a small number of vehicles passing the station should

I 
not a f fec t  the trend s in flow patterns on these routes

as much as the same number of vehicles on a lower volume

I 
route .

To form a basi s for estimation , the tests using six

I stations were carri ed out in two phases. First , one eta—

I 
tion was used to estimate the counts for the remaining

five stations. The results are shown in Tables 6.1.1

I
1
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through 6 .5 .2 .  -
The second phase combined three stations’ counts

to form a basis for estimation . Comparison s of accuracy

of estimates could be mad e between the two way s of using

base stations for the predicted count. The results of

the second phase are shown in Tables 7 . 1 .1  through 7 .6 .2.

The stations used for the basi s of est imation were chosen

at random .

In Table 6.1.1 , station 28 was used to es t imate  the

counts of the remaining five stat ions.  The hours used

as divi sion hours were the hours of 6 , 9, 12 , 15, 18 ,

and 19.

Results: -1.3% d i f fe rence  in total count

81 .950 to tal chi-square factor

In Table 6.1.2 , station 28 was again used to esti-

mate the counts of the remaining five stations. The

hours used as division hours were the hours of 6 , 8, 12 ,
I 15, 18 , and 20.

I Results:  -0.04% difference in to tal count

98.738 to tal chi-square factor

I
In Table 6.2.1 , station 33 was used to estimate the

1 counts  of the remaining five stations.  The hours used

as division hours were the hours of 6 , 9, 12 , 15, 18 ,

I and 19.

I
I
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I
Results: +0 .9% d i ffe rence  in to tal coun t

82.476 total chi-square factor

I In Table 6.2.2, station 33 was again used to eat—

I imate the counts of the remaining f ive s tat ions.  The

hours used as divi sion hours were the hours of 6 , 8, 12 ,

15, 18, and 20.

Resul ts :  +0.4% d i f fe r ence  in total count

94.862 to tal chi-square factor

In Tabl e 6.3 . 1 , station 39 was used to est imate the

counts for the remaining f ive stat ions.  The hours used

as divis ion hours were the hours of 6 , 9, 12 , 15, 18 ,

and 19.

Results:  -0.5% d i f ference  in total count

72.716 total chi-square fa ctor

In Tabl e 6 .3 .2 , station 39 was again used to esti-

mate the counts for the remaining five stations.  The

hours used as divi sion hours were the hours of 6, 8, 12 ,

15, 18, and 20.
I Results: -2.0% difference in total count

125.316 total chi-square factor

I
I
I
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I 
In Table 6.4.1, station 41 was used to estimate the

counts for the remaining five stations. The hours used

I as division hours were the hours of 6 , 9, 12 , 15, 18,

and 19.

I Results: -0.8% d i f f e rence  in total count

74.951 total chi-square factor

In Tabl e 6 . 4 . 2 , station 41 was again used to esti-

I mate the counts for the remaining five stations.  The

i 
hours used as division hours were the hours of 6 , 8, 12 ,

I 15, 18 , and 20.

Results :  - 1.6% d i f f e r e n c e  in to tal count

119.079 total chi-square factor

In Tabl e 6 .5 .1 , station 42 was used ~o es t imate  the

counts for  the remaining five stations.- The hours used

for the division hours were the hours of 6 , 9, 12 , 15,

18 , and 19.

Resul ts :  — 2 . 4 %  d i f f e r ence  in to tal count

123.29 1 total chi-square factor

In Tabl e 6.5. 2 , station 42 was again used to est i—

mate the counts for the remaining five stations.  The

hours used as division hours were the hours of 6 , 8, 12 ,

15, 18 , and 20.

Results:  -1 .4% d i f fe rence  in to tal count

108.424 to tal chi-square factor

_ _ _  ~~~~~—— - -~~~~~~~~~~ - -~~~~~-~~~~~ -- - - • - -—~~~-~~~~~~~---
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I
For the first set of divi sion hours, the counts for

the hours of 6, 9, 12, 15, 18, and 19 were used . The

second set of division hours used the counts for the

hours of 6 , 8, 12 , 15, 18, and 20. These are the same

two sets of divis ion hours used in the previous  f i ve

s ta t ion  tes ts .

In comparing the results  of th is  ser ies  of esti-

mates , a def in i te conclusion that using hours  9 and 19

for counts for factors  gives be t te r  resu l t s  than us ing

the counts fe r  hours 8 and 20 is not  possible.  The

resul ting est imates  showed no d e f i n i t e  pat tern as far as
- one set of counts of divi sion hours being abl e to pro —

vide counts that  were closer to the actual counts .

Stations 39 and 41 gave the best resul ts  using the

f i r s t  set of division hours ; hours 6 , 9, 12 , 15, 18 ,

and 19.

I Stati on s 28 and 33 gave the best resul ts using the

I second set of division hours ;  hours 6 , 8, 12 , 15, 18,

and 20.

I One conclusion possibl e is that station 9 i sf io t

compatibl e wi th the other stati ons in this group. I t

I showed the greatest variations in percen tage d i f fe rence

I 
from actual count and in the chi-square fa ctor. In the

total chi—equare factor for the six stations on each

1 estimate , the chi-square facto r for station 9 mad e up

the largest part of the to tal factor.

I

1

~
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I
Therefore, to look at the impact the errors attrib-

uted to station 9 has , the est imates are shown below

wi thout the estimated count and chi—square  factor of

station 9.

The f i rs t  set of divi sion hours are the hours of 6 ,

9, 12 , 15, 18, and 19.

The second set of divi si on hours are the hours of

6 , 8, 12 , 15, 18 , and 20.

Station 28 as est imator:

Computed Actual % Chi-
Count Count Di fference Square

First set of Factor
divi sion hours 76359 76600 — 0 . 3  9 .234

Second set of
divi sion hours 77524 76600 +1.2 15.3 13

Station 33 as est imator:

Computed Actual % Chi -.
Coun t Count Di f ference  Square

Fa ctor
First set of
divi sion hours 78066 76600 +1.9  36.872

Second set of
divi sion hours 77819 76600 + 1 . 6  24 . 945

Station 39 as est imator:

Computed Actual % Chi-
Count Count Difference Square

Factor
First set of
divi sion hours 76987 76600 +0.5 10.360

Second set of
divi sion hours 75983 76600 -0.8 9.64 1

L _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~ • - — •~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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I -

I 
Station 41 as estimator: -

Computed Actual % Chi-
Count Count Di fference Square

I Facto r
First set of
divi sion hours 76728 76600 +0 .2 9 .649

I Second set of
divi sion hours 76328 76600 -0.4 4.790

I Station 42 as es t imator :

Computed Actual % Chi-

I 
Count Count Dif ference  Square

Facto r
First set of
division hours 75504 76600 —1.4 24.348

Secon d set of
division hours 76466 76600 —0.2 4.425

Wi th one exception , the results  of es t imat i on were

1 better  by not  using stati on 9, The chi-square  factors

were drasti cally reduced . And most  of the percentage

I d i f f e rences  were reduced .

Stati on 9 was located on Walnut Street in the down—

I town area . The other  stations were located away from

i 

the down town area . The difference in time variation of
I t raff ic flows peculiar to station 9 can be explained by

I the fact that stati on 9 had a heavy flow of traffic

throughout the day wi th less pronounced peak hour f lows.

I Therefore , the patterns of t raf f ic flow for station

9 were different enough to state that for this study,

I station 9 should have been grouped with stations of like

I characteristics and not  wi th the other f ive stations in

thi s series of tests.

I
I
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V
Using the same six stations , n ow three stations will

be used as the basis for estimation. The averaging of

the three stations should provide a better estimation

for the total count.

The 24 hours were divided into six sections. The

secti on hours were hours 1 to 6 , 7 to 9, 10 to 12 , 13

I to 15, 16 to 18 , and 19 to 24.

The count for one hour from each section of hourB

described above was used to form a set of divi sion hours .

The counts for these division hours were used to provide

factors for est imating the total count  for each station .

In Tabl e 7 .1 .1 , stations 9, 28 , and 41 were used to

estimate the counts for  the remaining three stations,

The hours used as division hour s were the hours of 3, 8,

11 , 14 , 17, and 20.

-; Results: — 0.8% difference in total count

33.649 total chi-square factor

In Table 7.1.2, stations 9, 28, and 41 were again

I used to est imate the counts for the remaining three

stations. The hours used as division hours were the

I hours of 2 , 9, 10 , 13, 17, and 19.

Results:  +0.6% d i f fe rence  in to tal count

I 12.606 total chi-square factor

I 
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I
I 

In Table 7.2.1, stations 33, 41 , and 42 were used

to estimate the counts for the remaining three stat ions.

I The hours used as division hours were the hours of 3, 8,

11 , 14, 17, and 20.

I Results :  +1 . 3% d i f f e r ence  in total count

36.390 total chi-square factor

In Tabl e 7 .2 . 2 , stati ons 33, 41 , and 42 were again

I used to es t imate  the counts  for the remaining three

stations.  The hours used as divis ion hours were the

hours of 2 , 9, 10 , 13, 17, and 19.

Results: +0.2% difference in total counts

7.580 to tal chi-square facto r

In Table 7.3.1 , stations 28, 33, and 39 were used

to estimate the counts for the remaining three stations.

— The hours used as div is ion  hours were the hours of 3, 8,

11 , 14, 17 , and 20.

Resul ts :  +0 .2% d i f f e r ence  in to tal counts

9.980 to tal chi-square fac tor

I In Tabl e 7 .3 . 2 , stations 28 , 33, and 39 were again

used to estimate the counts for the remaining three

stations. The hours used as divi sion hours were the

hours of 2 , 9, 10 , 13, 17, and 19.

T 
Results: -0.04% d i f ference  in to tal counts

1 12.597 to tal chi—square fac tor

I
I )
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I
I 

In Table 7.4.1 , stations 9, 28 , and 33 were used to

est imate the counts for the three r emaining stations.

I The hours used for division hours were the hours of 3,

8, 11 , 14, 17, and 20.

Results: +0.9% difference in total counts

- 21.397 total chi-square factor

In Tabl e 7 . 4 . 2 , s tat ions 9, 28 , and 33 were again

I used to est imate the counts for the remaining three

stations. The hours used as division hours were the
I hours of 2 , 9, 10, 13, 17, and 19.

I Results :  +0.1% difference in total counts

12.555 total chi—square factor

In Tabl e 7.5.1 , stations 9, 28 , and 39 were used

1 to est imate the counts for the remaining three stations.

The hours used as division hours were the hours of 3, 8,

1 11 , 14, 17, and 20.

I 
Results: —1.5% d i f ference  in to tal coun t

47.294 total chi-square fa c to r

In Tabl e 7 .5 .2 , stations 9, 28 , and 39 were again

I 
used to estimate the counts for the remaining three

stations. The hours used as division hours were the

I hours of 2 , 9, 10, 13, 17, and 19.

Results:  -0.1% difference in total counts
— 1 13.825 total chi—square factor

l
I
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I

- - In Tabl e 7.6.1 , stations 9, 28, and-42 were used to

estimate the counts for the remaining three stations.

The hours used as division hours were the hours of 3, 8,

11 , 14, 17, and 20.

4 Results: +0.1% difference in total counts

- - 24 .674 to tal chi-square factor

In Tabl e 7 .6 .2 , stations 9, 28 , and 42 were again

I used to estimate the counts for the remaining three

stations. The hours used as division hours were the

hours of 2 , 9, 10, 13, 17 , and 19.

Results: — 1 . 3 %  d i f ference  in to tal counts

1 27.582 total chi-square factor

Of the 12 est imates of counts , the variation for

to tal vehicle counts was greater than 1% in only three

I instances. The greatest variation was a minus 1.5%.

In the previous ten estimates that used only one station

I as a basis for estimation , f ive had variation for total

vehicl e count greater than 1%. The greatest variatIon

was a minu s 2 .4%.

Averaging the three stations did produce a better

estimate than using only one sta tion as basis for esti-

I mation . However , it did not drastically improve the

I 
estimate enough to Btate that using three stations was

justified in order to decrease errors. Using only one

I station as the basis for estimates gave almost the same

resul ts.

I
I 
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I
I 

Station 9 did not seem to bias the estimates as

much in this series of tests. Station 33 was the

I station showing the greatest variations when estimated .

Ov erall , the second set of division hours , hours

2, 9, 10, 13, 17, and 19, showed the best results in

estimation.

I Sixteen Station Tests

— The next series of tests were for estimating the

counts for 16 stations. No mean s of classif ication was

I used . Every station was lumped together with a

resulting mixture  of volumes and time patterns.

I The 24 hours of the day were divided Into four

1 6-hour sections. The section hours were hours 1 to 6,

7 to 12 , 13 to 18, and 19 to 24. The count for one hour

I from each of these sections was selected to provide the

factors used in estimating the total counts for the

1 stations.

I 
In the first series of estimates as shown in Tables

8.1 through 8.6, the counts for hours 4, 9, 15, and 20

I were selected as division hours to provide factors used

in estimation. Only one station was used to estimate the

I counts for the remaining fifteen stations. In Tables

8.1 through 8.6, the hours are constant that are used for

I division hours. Different stations chosen at random

I
I
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I 
throughout the range of volumes were used for esti-

ma ti on.

In Table 8.1 , station 32 was the station used for

i estimation.

Results: +3.0% dif ference in total counts

1 285.544 total chi—square factor

I In Tabl e 8.2 , station 3 was the station used for

estimation .

I Results: —2.1% difference in total counts

- 206. 144 total chi—square factor

In Tabl e 8.3, station 16 was the station used for

I estimation .

I 
Results:  +5. 8% di fference  in total counts

798.447 total chi-square factor

I In Tabl e 8.4 , station 2 was the station used for

I 
estimation.

Results: —2.5% di f fe rence  in total counts

I 301 .499 total chi-square factor

I In Table 8.5, station 4 was the station used for

estimation.

I Results: +2 .5% difference in total counts

265.272 total chi—square factor

I
I
I 
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I 
In Tabl e 8.6 , station 42 was the station used for

estimation.

I Results: -0.8% di fference in total counts

177.263 total chi-square factor

Station 42 gave the best results in this series of

4 estimations. The high volume of this station allowed

variat ions to be smoother in each of the four division s

I of the day. A few vehicles did not  have as great an

influence on the t ime pattern of station 42 as they

would have had on a location of less volume .

I Station 16 produced the worst estimates. As in an

earlier series of estimates , the location of station 16

has a def in i te  effect  on i ts time pattern s of traffic

flow s. Station 16 did not reflect the flows of the

arterial traffic to and from centers of at tractions.

I For the next series of est imates for 16 stations,

shown in Tables 9.1 through 10.2, one station was used

as the estimator and the hours used as division hours to

I provide estimates were varied . The 24 hours of the day

were divided into 4 six-hour segments.

I The station used in Tables 9.1 through 9.8 was

i 

station 42 . The station used in Ta bles 10.1 and 10.2

was station 16. The hours used as division hours were

I randomly chosen and are noted with each table. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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I
Using stations 42 and 16 was to follow up the pre—

I diction cha racteristics of these two stations as shown in

earlier estima tions. Following earlier indications,

station 42 should provide small errors in the estima tions

• I while station 16 should give large errors in the esti-

mat ions .

Station 42 Estimates

I In Tabl e 9. 1, the hours used as division hours were

the hours of 1 , 9, 17, and 20.

Resul ts :  —0.7% d i f f e rence  in tota l counts

408.571 total chi-square factor

In Tabl e 9.2 , the hours used as division hours were

the hours of 4, 11 , 18, and 21.

I Results: +3.0% difference in total counts

354 ,614 total chi—square factor

In Table 9,3, the hours used as division hours were

I the hours of 2, 8, 15, and 19.

Results: —2.0% difference in total counts

1 383.024 total chi—square factor

I In Table 9.4, the hours used as division hours were

the hours of 3, 12 , 13, and 20.

1 Results: —1.1% difference in total counts

I 694.593 tota l chi -square factor

I
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I
In Tabl e 9 .5, the hours used as division hours were

the hours of 5, 7, 16 , and 24 .

Results: —0.5% difference in total counts

2068.607 total chi-square factor

In Tabl e 9.6 , the hours used as division hours were

the hours of 1, 9, 14, and 23.

Results: +1 .7% d i f fe rence  in total counts

I 422 .573 total chi-square factor

In Tabl e 9.7 , the hours used as divis ion hours were

the hours of 6, 10 , 17, and 22.

Results: +6.0% d i f ference  in total  counts

1129 .446 total chi—square  factor

In Tabl e 9. 8, the hours used as d iv is ion  hours were

the hours of 5, 8, 13, and 19.

Resul t s: — 5 . 6% d i f fe rence  in total counts

985.577 total chi—square fa c tor

I
Station 16 Estimates

I In Table 10.1 , the hours used as division hours were

the hours of 5, 8, 13, and 19.

I Results: +4.9% di f ference  in to tal counts

940.977 total chi-square factor

In Tabl e 10.2 , the hours used as d iv is ion  hours

I were the hours of 1 , 9, 17, and 20.

I
I
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I
Re sults of Table 10.2 -

I +1.0% difference in total counts

367.160 total chi-square factor

The best hours for  estima tion using s ta t ion  42

seemed to be the groups of hours 1 , 9, 17, and 20; and

hours 1 , 9, 14, and 23. The counts for hours 4, 11 , 18,

and 21 gave a lower chi-square factor . Howeve r , the

I percen tage difference was 3 percent for the tota l count

i 

and one station vari ed from the actual count by over 10%.

Estimates using the counts for  hours 5, 7, 16 , and

1 24 had the lowest percentage d i f fe rence  for  the total

count.  The chi-square factor  was over 2000 for  the total

estimate with severa l stations being over 10% in varia—

tion from the actual counts.

Station 16 wa s u sed to see if a predict ion mad e from

f L station shown to be a bad basis for estimation from a

previous series of estimation s would produce the same

results. The counts for the hours containing the peak

hours, hours 1 , 9, 17, and 20, gave the best estimation.

Total count variat ion was 1% wi th  only three stations

I varying from actual counts by more than 10%. Therefore ,

even by using station 16 , the estimatione of counts using

I the counts for these particular hours proved to be fairly

accurate .

I In comparing the estimations given by using the two

: 1
I 
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stations, it is evident the results are almost the same.

1 (Tables 9 . 1 and 10.2 , Tables 9.8 and 10.1) Ind ications

I concern ing station 1 6 given by earlier es t imat ions  were

not borne out by this test .

Sixteen Station Tests

I Three Stations Used for  Es t imat ion

Next , three stat ions were used as basis for  est ima—

I tion . The counts for three s ta t ions  were averaged and

used to predict  the counts for the remaining 13 s tat ions.

The 24 hours of the  day were d iv ided  into 4 six-hour

segments.  For this  series of e s t imat ions, Tables 11.1

through 11.5, the hours of 4 , 9, 15, and 20 were used as

divi sion hours . These were chosen at random so as to

provide one divi si on hour in each six-hour segment.

By using three stations, consistently close esti-

mations should be made for the total counts. The

averaging ef fec t  of the three stat ions should provide a

t ime  pat tern of flows closer to the average flows of all

16 s tat ions.  The station s were chosen at random through-

out  the range of volumes for all 16 stations.

In Tabl e 11 .1 , s ta t ions 33, 27 , and 4 were used for

j est imat ion .

Resul ts :  +0 .9% d I f fe rence  in total coun t

1 153.529 to tal chi-square factor

I
I
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In Table 11. 2 , stat ions 28 , 2 , and 42 were used for

es t imat ion .

Resu l t s :  — 1 . 6% d i f f e r en c e  In total  counts

185.794 total chi—square  factor

In Table 11.3, station s 3, 7, and 33 were used for

es t imat ion .

Resul t s :  — 2 . 2% d i f f e r ence  in total counts

229.995 total chi-square factor

In Tabl e 11.4 , sta t ion s 32 , 1 , and 28 were used for

est imat ion .

Resul ts :  — 1 . 7 %  d i f fe r e n c e  In total counts

161 .903 total chi-square factor

In Table 11.5, stations 3, 10, and 39 were used for

estimation .

- Resu l t s :  — 2 . 1 %  d i f f e rence  in total counts

217.072 total chi-square factor

In this  series of est imation s, the value of using

more than one station to serve as basis for est imation

was shown . Total variat ion was well wi thin  5% for the

I total counts.  Variation on any one station was well

I 
wi thin 10% of the actual counts. The chi-square factor

was lower as expected . Part of this  was due to two less

I chi-square factors  being added to form the total

I
I
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chi-square factor .  But mainly  i t  was due to the use of

three station s as a basis for es t imat ion.  There were

large variat ions on only one station which would produce

a large chi-square fac tor .  This was s ta t ion 41.  I t

consisten tly showed the h ighes t  ch i—square factor . I ts

location was next to station 42 .  Yet s tat ion 42 showed

no large variations when estimated . Therefore , these

two stations had very d i f f e r e n t  t raf f ic flow patterns.

Sixteen Station Tests

Eight Stati on s Used for Est imat ion

In the next  series of estimations, eight station s

were used as the basis for  est imation of counts. The

stations used and hours used as division hours will

vary . This series was design ed to see if any improve-

ment in accuracy of es t imates  could be made by using a

higher number of stations as basis for estims- cion .

The s ta t ions  are arranged In ascending o: d er by

volume.  In Tables 12.1 through 12.6 , the counts  for

every other station were used as the basi s of es t imat ion .

In Tables 13. 1 through - 13.4 , the counts  for the four

• I lowest and four highest s tat ions by volume were used as

the basi s of est imation .

In Tables 14.1 through 14.3, the counts of the

eight highest s ta t ions  by volume were used as the basis

for est imation . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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I
In Tables 15.1 through 15.4, the counts of two

stations located in the lower range of volumes plus the

counts  of six sta t ions  located in the mid-range of

volumes were used as the basis for  es t imat ion .

j The 24 hours of the day were divided in to  4 six-

hour segments.  The counts for one hour of each of these

- segments were chosen at  random to use as divis ion hours

I to provide a factor  for each segment for use in

estimation .

In Tables 12.1 through 12.6 , the stat ions chosen to

provide counts used as the basi s for es t imat ion were the

station s 32 , 10 , 27 , 28 , 7, 9, 4 , and 41.

1 In Tabl e 12.1 , the hours used as d iv is ion  hours were

I the hours of 4 , 9, 15, and 20.

Resul t s :  +1.7% d i f f e rence  in total counts

1 152.580 total chi—square  factor

1 In Tabl e 12.2 , the  hours used as divis ion hours were

the hours of 1 , 9, 17, and 20.

I Resul ts :  —0. 5% d i f fe rence  in total counts

120.352 total chi—square factor

In Table 12.3, the hours used as divis ion hours were

I the hours of 5, 8, 13, and 19.

I 
Resul ts :  +1. 5% d i f f e r e n c e  in total counts

295.738 total chi-square factor

I
I 
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In Tabl e 12.4 , the hours used as d iv i s ion  hours  were

the hours of 6 , 7, 17, and 20.

Resul t s :  —0. 6% d i f f e r ence  in total counts

1006.184 total chi— square  factor

In Tabl e 12.5 ,  the hour s used as divis ion hours were

the hours of 2 , 7, 14 , and 21.

Results:  +1 .2% d i f f e r e n c e  in total counts

55 1.682 total chi—square factor

In Tabl e 12.6 , the hours used as division hours were

-
• 

the hours of 6 , 9, 14 , and 19.

Resu l t s :  +1. 8% d i f f e r e n c e  in total counts

190.363 total chi-square factor

In Tables 13.1 through 13.4 , the stations chosen to

- 
provide counts used as the basis for est imati on were

- 

stat ions 32 , 3, 10 , 16 , 4 ,  39, 41 , and 42.

In Tabl e 13.1 , the hours used as divis ion hours were

- 

the hours of 1 , 9, 17, and 20.

Resul ts :  —0. 9% d i f f e rence  in total counts

243.799 total chi-square factor

• 
In Tabl e 13.2 , the hours used as divis ion hours were

the  hours of 5, 8, 13, and 19.

4 Resul ts :  —1 .6% d i f f e r e n c e  in total counts

147.99 1 total chi-square factor

f 

----- -——~~~ -——— ~- -~•-~~ - - -



74

In Tabl e 13.3, the hours used as divis ion hours were

the hours of 1, 8, 13, and 20.

Resul ts :  —0.6% dif ference in total counts

114.013. total chi—square  factor

In Tabl e 13.4 , the hours used as division hours were

the hours of 6, 9, 14 , and 19.

Resul ts :  +0 .2% d i f fe rence  in total counts

28 .836 total chi-square factor

In Tables 14.1 through 14.3, the s tat ions chosen to

provide counts used as the basis for est imation were the

stations 7, 6 , 9, 33, 4 , 39, 41 , and 42.

In Tabl e 14.1 , the hours used as divis ion hours were

the hours of 4 , 9, 15, and 20.

Resul t s :  +0.4% di f ference in total counts

58.988 total chi-square factor

In Tabl e 14 .2 , the hours used as d iv is ion  hours were

the hours of 6 , 9, 14 , and 19.

Resul ts :  — 0.7% d i f fe rence  in total counts

103.055 total chi—square factor

In Tabl e 14.3 ,  the hours used as divis ion hours were

the hours of 6, 9, 15, and 19.

j Resu l t s :  +0.3% di f f e rence  in to tal counts

42 .670 total chi—square factor

I
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In Tables 15.1 through 15.4, the sta tions chosen to

provide counts used as the basi s for est imation were the

stations 3, 27, 28 , 2 , 7, 6, 9, and 33,

In Tabl e 15.1 , the hours used as divis ion hours were

-j the hours of 4 , 9, 15, and 20.

Resul ts :  —0.0 07% d i f f e rence  in total counts

115.591 total chi-square factor

4 In Tabl e 15.2 , the hours used as divis ion hours were

the hours of 6 , 9, 14 , and 19.

I Results:  +0 .5% d i f f e r e n c e  in total counts

197.234 total chi-square factor

In Tabl e 15.3, the hours used as d iv is ion  hours were

the hours of 6 , 9, 15, and 19.

i 
Results:  +2 . 1% d i f fe r ence  in total counts

- 

259.055 total chi— square  factor

In Tabl e 15.4 , the hours used as division hours were

the hours of 5, 8, 13, and 19.

Results:  +2.4% d i f fe rence  in total counts

612.429 total chi—square factor

In this series of tests,  the best est imates of

I counts were those using the eight highest volume sta —

I t ions  as the basis for  est imation. The series using the

four lowest volume stations plus the four highest volume

V stations also gave good results .

1
1

- -

~
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I 

In us ing  d i f fe ren t hours for hours of division , the

groups of hours using the hour 9 seemed to have good ea t—

I irnates. Hour 9 is the morning peak hour .

In using alternate stations as basis for estimation,

I the counts for the group of hours 1 , 9, 17, and 20 gave

I 
the best results.  Thi s group of hourly counts contained

the counts for both morning and evening peak hours of

I traffic.

In the group of stations using mostly middle-volume

stations as basi s for est imation , the counts for the

hours of 4 , 9, 15, and 20 gave the best es t imates .

I The results of using eight stat ions as basi s for

I estimation as opposed to using three stations as basis

for estimation did not show that much improvement in

I terms of percentage difference of total counts or in

the total chi—square factor .

I Using over twice as many stations for basis of eat-

I imation did not improve the accuracy of est imation twice

as much .

I Therefore , more than one station in a grouping of

l ike stations should be used to provide the base for

I estimation of t raff ic counts.  Thi s study showed that

i 

three stations combined gave fairly accurate estimates
I of counts for the other thirteen stations. It  is not

I believed that more stations produced a commensurate in-

crease in accuracy.

I
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I
Factor Analysis

The Factor Analysis  program of the Statistical

Analysi s System was used to find If a common factor

I was present in the counts by hour to explain variat ions

in volumes. The resul t is a matr ix for each hour evalu—

ated . The number 1.00000 shows a perfect  correlation

of the hourly volume with the volume predicted by using

I a common factor. If the variations in volume by hour

I vary from the volumes explained by this common factor ,

then a progressively lower number is shown in the  matrix.

The computer program also has the abi l i ty  to

“rotate” the common factors  to explain the most van —

I ation possibl e as shown by the volumes of the hours.

Therefore , if the volumes of t raff i c counts shown by
I the counts in this study have common factors  which can

$ explain most of the variation shown , then the computer

program will “rotate ” the factors running throughout

I the counts and cal culate the amount of variation that

can be explained by that factor.

Using all 16 stations and 24 hours of counts, the

I Factor Analysis produced the results shown in Table 16 .

I 
Th e higher volumes showed the strongest correlation wi th

the first factor.  Hour 4 showed the lowest correlations

I and the program rotated to a common factor along the

I
I

_ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  
_ _ _ _
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I
variations in counts tha t occurred during hour 4.  DurIng

hour 4 , the t raff ic in the area dropped almost to zero ,

and any vehicle had a more pronounced effect upon the

pattern of time variat ion.

To see how much this one hour of t raff ic counts,

hour 4, can a f fec t  the rest of the counts in the esti —

inatior effor ts , the Factor Analysi s program was used on

the counts for the odd hours , i. e., hours 1 , 3, etc.,

and t~ en the counts for the even hours , i.e., hours

2, 4, etc. throughout the day . The results are shown in

Tables 16.1 and 16.2.

As can be inferred , the counts for hour 4 are the

cause of most of the variations in the estimates of the

t raff ic  counts. Because of i ts  low volumes , hour 4 does

I not behave in the same way as other hours in the pattern

of t raff ic flows. One could conclud e the counts for

I hours 2 and 3 behave in much the same way .

i 
Therefore , the very early morning hours, with their

low volumes of traffic, should not be used in estimating

1 traffic for day—long periods.

I The Factor Analysis  program was also used on the

counts of the s tat ions to see if common factors  were

I presen t in their volumes of t raff ic .  All 16 stations

were used wi th all 24 hours of counts.

I
I 

•~~~~~~~~~~~~~~~~~~~~ •~~~~~~~~~~~~~~~~~~ •
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The results are shown In Table 17. As expected ,

the higher volume stations showed a higher correlation

to the factor found by the computer program. Station 16,

which showed itself to be weak in estimation , has a low

I correlation number.

From the numbers given in this tabl e , one can con-
I d ud e the stations behaved In approx imately the same

I patterns throughout the day wi th regard to t raffic time

pat terns .

Summary in Rankings of Stations

Tabl e 18 shows the summation of the four station

tests shown in Tables 4 .3 . 1  through 4 .3 .4 .  In thi s

series, one ste.tion provided the hourly counts used as

a ba si s for prediction of the total counts for the re-

maining three stations.

As is evident , the ranking given by using the

-, criteria for accuracy in estimation varies closely wi th
- the ranking based on correlations from the factor

analysis  matrix.

Tabl e 19 shows the summation of the sixteen station

1 tests  shown in Ta bles 8.1 thro ugh 8.6. The tabl e shows

the stations used , their ranking among the six s t a t tons

from the correlations of the factor analysis, and the

rankings among the six stations based upon the accuracy

of estimated counts.

_ 
~~~• - J
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I
I The rankings based on the correlations of the

factor analysis correspond closely wi th  the  rankings

based on accuracy of estimation .

Based upon these two observat ions , th ere would seem

I to be a relationship based on correlat ions shown in

I 
factor  analysis  that could be used when choosing loca-

tions for use in estimating counts of traffic. Initial

evidence shown in this study points to further  use of a

factor analysis or statistical analysis of traffic count

I stations to choose locations that can provide accurate

estimates for all roadways in an area .

I
I

I

I

I

I

I
I

_ _ _ _ _ _ _
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I
CHAPTER VII

I CONCLUSIONS AND RECO MMENDATIONS FOR FURTHER RESEAR CH

I Conclusions

J The hypothesis tested was tha t variations in t ra f f ic

flow along selected roadways in an area could be used to

I predict t ra f f ic  flows of other roadways in the area .

The results of using this  method of estima ting t raff ic

show the hypothesis to be essentially correct.

I The stud y was concerned wi th  providing estimates

of daily t raf f ic based upon d i f f e r en t combinations of

hour s and count locati ons. The experimen t focused on

providing ind ications of sui tabi l i ty  in combining certain

hours or count locations to get reasonably accurate esti-

mates of counts. Some conclusions on using certain hours

and count locations are discussed below.

The very early morning hours wi th their  low percen-

tage of daily t r a f f i c  gave poor predictions.  These hours

should not be used to provide factors for es t imat ion .

I The af ternoon hours carri ed the greatest  volume of

t ra f f ic .  Wh en combined with the morning peak hour , the

I afternoon hours gave the best predictions.

I The peak hours of t r a f f ic should d e f i n i t e l y  be used

when determining estimation factors by the method used in

this  thesis.

I

I
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I
The streets used in this  stud y were chosen at random

I to provide the West Virginia Department  of Highways with

statistically acceptabl e es t imates  of t r a f f ic flow. That

the es t imates  obtained in the experiment are very close

I to the actual counts is very signifi cant.  The conclusion

reached is tha t var ia t ions  by t ime have a basic pat tern

extending across all volume classes of roadways.

This conclusion is fu r the r  supported by the corre-

lations shown between the hourly counts  or between coun t

( locat ions.  There were very high R values in most

ins tances .

I This lead s to another conclusion concerning count—

I ing locat ions .  Sta t ions  that  were in close physical

prox imi ty  to each other seemed to be varying closely in

( t ime patterns. This re inforces  the theory that routes in

d i f f e ren t  par t s  of the city behave in d i s t inc t  pat terns.

I To predict  the total vehicl e miles of t rave l(VMT )

of an area , one can draw a conclusion from the d i f fe r -

- ences between total estimated count and actual count.

I When all the s ta t ions ’ counts  were total led and compared

to the total actual count for all those stat ions, the

1 percen tage d i f fe rence  was very small. This averaging

I 
tend ency would also appl y to those roadways grou ped

together for est imation . By dividing those roadway s Into

I roughly equal l engths , the averaging effect  of the group

of road ways should produce an estimate of VMT that is

I
I

_ _
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reasonably accurate.

Area s for Future R esearch

Thi s research was an ini t ial  a t tempt  to discern

t ra f f ic flow p at t e r n s  for use in t raf f ic volume predic-

t ions .  The t r a f f i c  counts used were supplied as a part

of the  West Virginia Depar tment of Highways annual

t ra f f i c  counts. The locations were s tatist ically

selected to provide a reasonable estimate of the total

vehicl e miles of t r ave l (VMT) .  Therefore , this experiment

was l imited to location s that were stations in the DOH

count. To obtain a more thorough evaluation of the pre-

diction process, an exper iment using loca tions selected

by means other than random choice would be appropriate.

These locations could be chosen in terms of physical

proximity , volumes of traff ic, or by functional classi-

f icat ion .

Experiments  on the variations of t r a f f ic by time

have be en carried out in the pas t .  The hourly count has

been the basic unit for counting. Perhaps experiments

can be carried out using a greater or lesser time period .

Perhaps two or even three  hour s grouped tog ether would

provide a bet ter  factor on which to base an es t imat ion .

Since the early morning hours contained such a small

percentage of t raf f ic f low , fu ture  experiments  would be

better  suited to obta in the ir traff ic counts dur ing the

_ _  _ _  _
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daylight hours when most traffic occurs. Those experi-

ments  should prove that errors caused by var iations in

traffic in the early morning hours would be mirrnr.

One future experiment of great importance would be

to use aerial sensors to obtain t ra f f ic counts of an area

that has numerous  counting stations in i t .  Counting by

aerial mean s has been shown to be accurate in several

experiments .  By isolating a specifi c region , install ing

traff ic counters at locat ions on the road ways to serve as

basis for es t imat ion and comparison , and using an aerial

means of counting t ra f f ic , the concept ad vanced in this

thesis  can be evaluated . It is suggested an area con-

taining several road s of varying volumes be used . In

this  way, patterns of flow could be discerned for diff-

erent types of roadways.

Also , by obtaining aerial photogra ph s of an area

and obtaining counts of t r a f f ic f lows for  a period of

less than one hour duration , the exper iment can determ ine

a minimum time need ed to provide a 24-hour count wi thin

specifi ed accuracy l imi ts .

Counts taken from aerial photos would record the

traff ic for only a brief tirnespan . Implici t  in using

a series of these counts is the assumption these counts

represent  smoothly varying rates of flow . If in fac t  ~~?i~~

photos captured the flows in a period when the traffic

was not varying smoothly but was flowing in spurt ’~,

I
I 
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I
• then a certain amount of “ noise ” would be introduced in

I the pattern of traffic flow. This “noise” in the pattern

1 of flow would introduce errors. Therefore, studies of

this nature would need to determine the number of counts

j needed to reduce to an acceptable level the errorB caused

by this “noise” on the flow patterns.

1 In observing the ranking by volume of the hourly

I counts, the afternoon hours contained the largest amounts

of daily traffic. Perhaps this pattern was unique only

to this particular area. Perhaps the traffic engineer

need s to discern the flow pattern unique to an area be—

fore he can use the method of estimation proposed by this

I thesis. This would be done in order to determine the

hours of the day best suited for use in providing the

I factor8 used for estimation.

In this experiment, stations were used that were

1 located in the Central Business District(CBD) of Morgan—

I town and at varying distances from the CBD. To determine

if there are certain factors, based upon distance from

I the CBD, that could be used in the estimation process,

an experiment using the ~BD and rings of distance around

I the CBD is recommended .

The ‘.ise of factor analysis in further studies is

recommend ed . Future studies could concentrate on ob—

I tam ing predictions of traffic counts based on stations

showing high correlation with a common factor explaining

II
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I
I the variation of traffic counts throughout the day.

Future studies could concentrate on determining if pre—

I dicted traffic counts accuracies do in fact vary with

the selection of “good” hours or stations as shown by

I factor analysis.

I Further studies are recommend ed in other cities

having varied population and topographic characteristics.

I These studies could investigate relationships among

distances traveled, size of populatioh, corridors of-

I travel, etc.
Another possible area of study is the use of factor

analysis in the present. counting methods. At present,

J roadways are chosen at random to provide statistically

sufficient samples for use in determining VMT for dif!-

I erent types of roads. Perhaps factor analysis could

provid e a basi s for choosing fewer roadways to obtain a

I count that would be as accurate as the presen t methods.

I
I
I
I

:~~~ j

x
I

—~~~~

~~~~~ 

- 



_ _ _ _ _  _ _ _ _ _  ~~~~--~~—---- . - -~~~- - - ~~ -~~--~~~~-- -— - -~~~~~~~~~~ -~~~~~~~~~~~~~~~~~~ -~~~~ -- 

II
87

t 
-

APPENDIX

I ~tations refers to the counting stations as numbered by

• the West Virginia Department of Highways. In Tables 4.1.1

I through 15.4, the station numbers listed in the headings

are those stations used as basis for estimation in that

I table.

Divi sion Hours refers to the counts of the hours chosen

I to provid e factors for use in estimating the to tal count

at a counting station. In Tables 4.1.1 through 15.4,

I the hours listed in the headings are the hours used as

division hours. -

I
.

I
I

I
I
I 

•
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Table l -

Vehicle Counts by Hour and by Station

I Station 32 3 10 16 27 1 28 2

Hours
I 1 29 42 27 36 75 88 67 101

2 16 30 25 20 57 32 32 63

I 3 6 17 15 1 3-  25 14 10 35
4 9 11 2 5 12 11 12 24
5 7 6 1 10 10 1 1 -  5 24

I 6 14 6 13 39 26 16 35 38
7 86 55 57 202 75 122 216 119
8 200 154 14~ 283 204 347 424 380
9 208 228 231 212 239 388 412 492I •10 141 209 187 137 225 426 293 656

11 128 250 170 186 190 387 277 603
12 133 217 194 243 292 396 296 686

1 13 152 211 234 229 272 308 361 598
1 14 165 210 186 229 280 375 325 594

15 194 226 255 360 313 389 420 641
16 227 264 294 397 346 333 531 524

1 17 306 287 336 434 334 408 622 620
18 288 232 300 344 378 370 502 535
19 230 192 173 260 307 322 366 381

1 20 158 190 - 211 216 284 370 305 421 H
1 21 120 140 154 171 226 216 253 280

22 122 124 201 174 258 185 176 255
i 23 114 86 83 143 192 154 168 176
1 24 67 69 66 67 162 111 131 139

Total. 3120 3456 3557 4410 4782 5779 6239 8385

I DOE 
-

Weekday
i ADT 3232 3434 3475 4453 4679 5611 6214 7998

~~ 
. -  Duff.  —3 .5 +0.6 +2.4 -—1.0 +2.9 +3.0 +0.4 +4.8

I
I
I ’
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i Table I Continued -

Vehicl e Counts by Hour and by Station

I Station 7 6 9 33 4 39 42 41

• Hours

1 1 213 144 178 146 252 210 203 245
• 2 129 91 167 89 179 136 104 113

3 48 53 77 32 82 54 39 4 8 -
1 4 51 35 66 18 52 34 23 25 4

5 22 23 28 15 34 52 31 52
6 37 - 41 70 60 77 120 118 152

1 7 164 209 403 392 300 568 556 641
I 8 550 454 652 648 697 1085 1104 1097

9 554 491 743 772 872 1145 1266 1026
1 10 - 630 625 658 690 881 979 1070 922
1 11 657 723 678 589 864 1006 1013 1043

12 576 724 677 734 939 1114 1156 1125
13 559 709 647 763 869 1122 1393 1403

1 14 603 772 666 675 868 1051 1217 1273
15 571 749 661 782 945 1134 137 3 1461
16 523 703 767 788 1005 107 2 1509 1813
17 599 794 720 770 1086 1147 1436 1680
18 505 626 598 761 1043 1090 1389 1528
19 562 550 600 767 781 1115 1249 1315
20 596 517 547 771 813 1090 1157 1156

- 21 383 352 439 629 669 855 923 906
22 389 413 451 508 721- 704 667 667
23 287 303 333 397 474 474 496 505

1 24 234 223 278 345 402 364 402 409

Total. 9442 10324 11104 12141 14905 17721 19894 20605

I DOE -

~~~~

Weekday
T 

ADT 9184 9702 11017 12189 14566 17472 20114 20201

Diff . +2.8 +6.4 +0.8 —0.4 +2.3 +1.4 — 1.1 +2.0 
- 

- —

L

~~ 

_ _ _ _ _ _ _ _ _
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Table 1 Continued -

• Vehi cl e Count by Hour and by Station

I Sum of Rank by
I Hours Hour Count Volum e

-
• 

I i 2056 19
2 1283 20
3 568 21

• 4 390 • 23
I 5 331 24

6 862 22
7 4165 - -17

1 8 8421 13
1 9 9279 8

10 8729 12
11 8764 11

1 12 9502 6
13 9830 5
14 9489 71 15 10474 4

1 16 11096 2
17 11579 1

1 18 10489 3
1 19 9170 9

20 8802 10
21 6716 14

k I 22 6015 15
• 23 4385 16

24 3469 18

I • 

.

I I

____ _ ____ _ _  

• _ _  _ _  _ _
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i Table 2 -

Correlation of Hourly Counts

j Houre 1 2 3 4 5

Hours

1 1 1.00000 0.92131 0.85180 0.76834 0.87149
2 0.92131 1.00000 0.96882 0.91710 0.76995
3 0.85180 0.96882 1.00000 0.92405 0.73211

I 4 0.76834 0.91710 0.92405 1.00000 0.58681
5 0.87180 0.76995 0.73211 0.58681 1.00000
6 0.80821 0.65919 0.57921 0.40019 0.90945

1 7 0.76736 0.63939 0.54309 0.39767 0.84 243
1 8 0.86650 0.71555 0.60824 0.48331 0.89422

9 0.87187 0.75654 0.65695 0.51814 0.86096
1 10 0.92219 0.81059 0.74672 0.61623 0.88105
1 11 0.93633 0.81793 0.77125 0.63975 0.92610

12 0.90562 0.78032 0.72770 0.55707 0.91811
13 0.86147 0.69280 0.62234 0.44538 0.88732
14 0.90115 0.74537 0.68901 0.52669 0.91455
15 0.86078 0.68420 0.61940 0.4334 5 0.89565
16 0.81715 0.63363 0.56621 0.37853 0.85199
17 0.84065 0.65441 0.59074 0.40586 0.87559
18 0.83510 0.6484 1 0.57085 0.36996 0.86401
19 0.86111 0.68626 0.58479 0.42296 0.88442

T 20 0.89067 0.72545 0.62339 0.45923 0.88733
- 21 0.86814 0.71962 0.61612 0.43610 0.86905
• 22 0.92960 0.8567 1 0.78984 0.60297 0.87771

23 0.931 19 0.82961 0.74715 0.58565 0.87057
24 0.93470 0.84 674 0.76020 0.60175 0.87057

Tabl e 2 Continued

I Correlation of Hourly Counts

Hours 6 • 7 8 9 10

I Hours

1 0.80821 0.76736 0.86650 0.87187 0.92219
j 2 0.65919 0.63939 0.71555 0.75654 0.81059

3 0.57921 0.54309 0.60824 0.6569 5 0.74672
4 0.40019 0.39767 0.48331 0.51814 0.61623
5 0.90945 0.8424 3 0.89422 0.8609 6 0.88105

• 6 1.00000 0.9684 1 0.96320 0.92181 0.85396
7 0.96841 1.00000 0.96393 0.92599 0.83020

i 8 0.96320 0.96393 1.00000 0.97916 0.92597
1 9 0.92181 0.92599 0.97916 1.00000 0.95989

10 0.85396 0.83020 0.92597 0.95989 1.00000

I

____ ~~.- . -
~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ___________
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Table 2 Continued--Correlation of Hourly . Counta

Hours 6 7 8 9 10

I Hours

11 0.88040 0.84611 0.93150 0.94076 0.98426
12 0.90894 0.87501 0.94463 0.96091 0.98653

I 13 0.95105 0.91844 0.96467 0.96095 0.94726
14 0.93237 0.89563 0.95621 0.95185 0.96555
15 0.95935 0.92178 0.96279 0.95111 0.93909

I 16 0.9684 2 0.92984 0.93842 0.909 29 0.86475
17 0.96403 0.91986 0.94848 0.92244 0.89303
18 0.96412 0.9 1722 0.95003 0.93580 0.89556
19 0.96814 0.95212 0.98456 0.96508 0.91759

I 20 0.94227 0.92410 0.97889 0.97696 0.95052
21 0.95310 0.94064 0.9761 5 0.97848 0.92931
22 0.88991 0.86108 0.91507 0.93925 0.93273

1 23 0.91192 0.90198 0.94305 0.95006 0.93349
1 24 0.88261 0.87357 0.91922 0.94090 0.929 68

i Tabl e 2 Continued--Correlation of Hourly Counts
I Hours 11 12 13 14 15

Hours

1 0.922 19 0.90562 0.86147 0.90115 0.86078
2 0.81793 0.78032 0. 69280 0.74 537 0.68420
3 0.77125 0.72770 0.62234 0.68901 0.56621
4 0.6397 5 0.55707 0.44538 0.52669 0.43345
5 0.92610 0.91811 0.88732 0.91455 0.89565

T 6 0.88040 0.90894 0.95105 0.93237 0.95935
7 0.84611 0.87501 0.91844 0.89563 0.92178
8 0.93150 0.94463 0.964 67 0.95621 0.96279
9 0.94076 0.9609 1 - 0.96095 0.95185 0.95111

1 10 0.98426 0.98653 0.94726 0.96555 0.93909
11 1.00000 0.98616 0.95537 0.98133 0.95162

- 1 2  0.98616 1.00000 0.97478 0.98717 0.97318
13 0.95537 0.97478 1.00000 0.99117 0.99647
14 0.98135 0.98717 0.99117 1.00000 0.98982
15 0.95162 0.97318 0.99647 0.98982 1.00000

- 16 0.88983 0.91157 0.97084 0.95176 0.97733
17 0.91763 0.95443 0.97813 0.96660 0.98661
18 0.90471 0.93522 0.97855 0.96000 0.98464
19 0.92582 0.94796 0.98519 0.96932 0.98073

- 20 0.94711 0.96752 0.97973 0.97207 0.97550
21 0.92165 0.95328 0.97305 0.95609 0.96947
22 0.93098 0.94818 0.92297 0.93189 0.92146

• 23 0.93187 0.95063 0.94015 0.94746 0.9409 1
24 0.91700 0.93656 0.92405 0.92909 0.91996

HE

_ _ _  
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Tabl e 2 Continued--Correlation of Hourly. Counts

Hours 16 17 18 19 20

I Hours

1 0.81715 0.84065 0.83510 0.86111 0.89067
2 0.63363 0.65441 0.64841 0.68626 0.72545

I 3 0.56621 0.59074 0.57058 0.58479 0.62339
4 0.37853 0.40586 0.36996 0.42296 0.45923
5 0.85199 0.87559 0.86401 0.88442 0.88733

I 6 ‘0.96842 0.96403 0.96412 0.96814 0.94227
7 0.92984 0.91986 0.91722 0.95212 0.92410
8 0.93842 0.94848 0.95003 0.98456 0.97899
9 0.90929 0.92244 0.93580 0.96508 0.976961 10 0.86475 0.89303 0.89556 0.91759 0.95052

11 0.88983 0.91763 0.90471 0.92582 0.94711 .
12 0.91157 0.93443 0.93522 0.94796 0.96752

1 13 0.97084 0.97813 0.97855 0.98319 0.97973
I - 14 0.95176 0.96660 0.96000 0.96932 0.97207

15 0.97733 0.98661 0.98464 0.98073 0.97550
t 16 1.00000 0.99201 0.98722 0.96646 0.93943

17 0.99201 1.00000 0.99180 0.96823 0.94923
18 0.98722 0.99180 1.00000 0.97725 0.96319
19 0.96646 0.96823 0.97725 1.00000 0.99016

1 20 0.93943 0.94923 0.96319 0.99016 1.00000
21 0.94597 0.95090 0.97012 0.98947 0.99296
22 0.87915 0.89695 0.91364 0.92734 0.94993

1 23 0.90922 0.92057 0.93306 0.95525 0.96405
1 24 0.89204 0.89882 0.91667 0.93613 0.951171

Tabl e 2 Continued--Correlation of Hourly Counts
1 Hours 21 22 23 24

Hours
1 1 0.86814 0.92960 0.93119 0.93470

2 0.71962 0.85671 0.82961 0.84 674
1 3 0.61612 0.78984 0.74715 0.76020
1 4 0.43610 0.60297 0.58565 0.60175

5 0.86905 0.87771 0.87057 0.83773
1 6 0.95310 0.88991 0.91192 0.88261
1 7 0.94064 0.86108 0.90198 0.87357

8 0.97615 0.91507 0.94 305 0.91922• 9 0.97848 0.93925 0.95006 0.94090
1 10 0.92931 0.93273 0.93349 0.92968

- 11 0.921 65 0.93098 0.93187 0.91700
12 0.95328 0.94818 0.95063 0.93656

.1
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i Table 2 Continued--Correlation of Hourly Counts

Hours 21 22 23 24
Hours -

13 0.97305 0.92297 0.9401 5 0.92405
1 14 0.95609 0.93189 0.94746 0.92909
I 15 0.96947 0.92146 0.9409 1 0.91996

16 0.94597 0.87915 0.90922 0.89204
17 0.95090 0.8969 5 0.92057 0.89882

1 18 0.97012 0.91364 0.93306 0.91667
1 19 0.98947 0.92734 0.95525 0.93613

20 0.99296 0.94993 0.96405 0.95117
21 1.00000 0.95566 0.96944 0.95913

I 22 0.95566 1.00000 0.98397 0.97943
23 0.96944 0.98397 1.00000 0.99229
24 0.95913 0.97943 0.99229 1.00000

Table 3—-Correlation of Station s

Stations 32 3 10 16 27

I Stations

32 1.00000 0.89492 0.92790 0.94072 0.91657
3 0.89492 1.00000 0.95019 0.87254 0.91442

I 10 0.92790 0.95019 1.00000 0.91390 0.94954
16 0.94072 0.87254 0.91390 1.00000 0.8864 6
27 0.91657 0.9144 2 0.94954 0.8864 6 1.00000

I 1 0.86231 0.96305 0.88692 0.82063 0.87918
28 0.97434 0.92102 0.93693 0.96649 0.89288

2 0.79006 0.95722 0.88008 0.78712 0.85122
1 7 0.83160 0.95407 0.86948 0.78460 0.88308
I 6 0.83911 0.9704 6 0.91135 0.85283 0.90415

9 0.87765 0.96290 0.90203 0.87011 0.88746

I 33 0.90108 0.94241 0.92307 0.87678 0.94585
4 0.90762 0.98109 0.96476 0.88096 0.96178

39 0.89549 0.95168 0.90965 0.87497 0.91605
-42  0.92573 0.96525- 0.94700 0.91600 0.93941

1 41 0.9339 5 0.94795 0.94819 0.95619 0.93729

I
I 
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Table 3 Continued--Correlation of Stations

Stations 1 28 2 7 6

Stations

32 0.86231 0.97434 0.79006 0.83160 0.83911
3 0.96305 0.92102 0.95722 0.95407 0.9704 6
10 0.88692 0.93693 0.88008 0.86948 0.91135
16 0.82063 0.96649 0.78712 0.78460 0.85283

• 27 0.87918 0.89288 0.85122 0.88308 0.90415
1 1.00000 0.8809 5 0.96264 0.98205 0.94892
28 0.88095 1.00000 0.83402 0.84424 0.87064
2 0.96264 0.83402 1.00000 0.94523 0.97621
7 0.98205 0.84424 0.94523 1.00000 0.95117
6 0.94892 0.87064 0.97621 0.95117 1.00000
9 0.96476 0.91467 0.93236 0.95879 0.94642
33 0.94925 0.91237 0.89962 0.94627 0.92208
4 0.96002 0.91629 0.94446 0.95663 0.9~ 511
39 0.96852 0.91328 0.92118 0.96376 0.93590
42 0.94747 0.95213 0.92119 0.93498 0.94438
41 0.90013 0.96493 0.88435 0.88707 0.93312

Table 3 Continued-—Correlation of Stations

Stations 9 33 4 39
Stations

32 0.87765 0.90108 0.90762 0.89 549
3 0.96290 0.94241 0.98109 0.95168
10 0.90203 0.92307 0.96476 0.90965
16 0.87011 0.87678 0.88096 0.87497
27 0.88746 0.94585 0.96178 0.91605
I - 0.96476 0.94925 0.96002 0.96852
28 0.91467 0.91237 0.91629 0.91328
2 0.93236 0.89962 0.94446 0.92118
7 0.95879 0.94627 0.95663 0.96376
6 0.94624 0.92208 0.96511 0.93590
9 1.00000 0.96435 0.96190. 0.97664

33 0.96435 1.00000 0.96820 0.98904 .
4 0.96190 0.96820 1.00000 0.96370

39 0.97664 0.98904 0.96370 1.00000
42 0.96618 0.98190 0.96917 0.98254
41 0.93139 0.94606 0.94709 0.94355

I
•1
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Table 3 Continued-—Correlation of Stations

Stations 42 41
Stations

32 0.9257 3 0.9339 5
3 0.96525 0.94795

T 10 0.94700 0.94819
16 0.91600 0.95619
27 0.93941 0.93729

• 1 0.94747 0.90013
28 0.95213 0.96493

2 0.92119 0.88435
• 7 0.93498 0.88707 

-

6 0.94438 0.93312
9 0.96618 0.93139
33 0.98190 0.94606
4 0.96917 0.94709
39 0.98254 0.94355
42 1.00000 0.98275
41 0.98275 1.00000

Table 4.1.1

Stations 27 & 32

Hours 2, 9, 10, 13, 17, & 19

Station Computed Actual Chi-Square
Count Coun t Difference Factor

28 6470 6239 +3.7 8.578
16 4075 4410 —7.5 25.395
27 4782 4782 0 0
32 3120 3120 0 0
Total 18447 18551 —0. 6  33.973

- 
• •~~~~~~~~~~~~~~~~~~ •~~~~~~~~~~~~~~~~~ •~~~~
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I Table 4.1.2 Stations 28 & 32 -

Hours 2, 9, 10, 13, 17, & 19

I Station Computed Actual. Chi-Square
Count Count Difference Factor

28 6239 6239 0 0
1 16 3874 4410 —12.2 65.243

27 4428 4782 —7.4 26.268
32 3120 3120 0 0

I Total. 17661 18551 —4.8 91.512

I Tabl e 4.1.3 Stations 28 & 16

Hours 2, 9, 10, 13, 17, & 19

I Station Computed Actual - Chi-Square
Count Count Difference Factor

28 6239 6239 0 0
16 4410 4410 0 0
27 4704 4782 -1.6 1.263
32 3348 3120 +7.3 16.733
Total 18701 18551 +0.8 17.996

Table 4.1.4 Stations 16 & 32

I Hours 2, 9, 10, 13, 17, & 19

Station Computed Actual Chi-Square
i Count Count Di fference Factor

28 6683 6239 +7.1 31.553
16 4410 4410 0 0

1 27 4788 4782 +0.1 0.007
32 3120 3120 0 0
Total 19001 18551 +2.4 31 .560

I
1 -

I
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Table 4.2.1 Stations 16 & 27 -

I Hours 6, 8, 12, 15, 18, & 20

Station Computed Actual Chi-Square
Count Count Difference Factor

28 6042 6239 —3.2 6.205j 16 4410 4410 0 0
27 4782 4782 0 0

• 32 3039 - 3120 —2.6  2.087
F Total 18237 18551 —1.5 8.291

I Table 4.2.2 Stations 28 & 27

Hours 6, 8, 12, 15, 18, & 20

I Station Computed Actual Chi-Square
Count Count Difference Factor

28 6239 6239 0 0
16 4657 4410 +5.6 13.858
27 4782 4782 0 0

- 

32 3108 3120 -0.4 0.046
To tal 18786 18551 +1.3 13.905

Table 4.2.3 Stations 27 & 32

I Hours 6, 8, 12, 15, 18, & 20

Station Computed Actual Chi-Square
Count Count Difference Factor

I 28 6187 6239 —0.8 0.440
16 4664 4410 +5.8 14.638

1 27 4782 - 4782 0 0
I 32 3120 3120 0 0

Total 18753 18551 +1.1 15.077

I
I
I
I
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I Table 4.2.4 Stations 28 & 32 -

Hours 6, 8, 12, 15, 18, & 20

I Station Computed Actual Chi-Square
Count Count Difference Factor

I 28 6239 6239 0 0
16 4669 44 10 +5.9 15.240
27 4862 4782 +1.7 1.322
32 3120 3120 — 0 — 0 —I Total 18890 18551 +1.8 16.562

I Tabl e 4.3.1 Station 28

Hours 2 , 9, 10 , 13, 17, & 19.

I Station Compu t ed Actual Chi-Square
Count Count Di fference Factor

1 28 6239 6239 0 0
16 3897 4410 —11. 6 59.662
27 4458 4782 —6.8 22.012

1 32 3187 3120 +2.1 1.455
Total 17781 18551 —4.2 83.129

Table 4.3.2 Station 16

I Hours 2, 9, 10, 13, 17, & 19 -

Station - Compu t ed Actual Chi-Square
i • Count Count Difference Factor
I 28 7187 6239 +15.2 143.944

16 4410 4410 0 0
I 27 5159 4782 +7.9 29.740
1 32 3648 3120 +16.9 89.428

Total 20404 18551 +9.9 263.112

I

t j

I 
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I
Tabl e 4.3.3 Station 27 - -

I 
• Hours 2, 9, 10, 13, 17, & 19

I Station Computed Actual Chi-Square
I Count Count Difference Factor

28 6751 6239 +8.2 41 .961

I - 16 4275 4410 -3.1 4.124
27 4782 4782 0 0
32 3475 3120 +11.4 40.320

I Total 19283 18551 +3.9 86.405

I - Table 4.3.4 Station 32

Hours 2 , 9, 10, 13, 17, & 19

I Station Computed Actual Chi-Square
Count Count Difference Factor

28 6149 6239 —1.4 1.302
16 3846 4410 —12.8 72.025
27 4391 4782 —8.2 32.015
32 3120 3120 0 0

Total 17506 18551 —5.6 105.342

Tabl e 5.1.1 Stations 33 & 9

Hours 2 , 9, 10, 13, 17, & 19

Station Computed Actual Chi-Square
Count Count Difference Factor

33 12141 12141 0 0
9 11104 11104 0 0

1 6 10269 10324 —0.5 0.295
L 7 9605 9442 +1 .7 2.814

2 8666 83~5 +3.4 9.421

I Total 51785 51396 +0.8 12.530

1
- I  
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Table 5.1.2 Stations 33 & 9 -

I Hours 6, 9, 12, 15, 18, & 19

I Station Compu t ed Actual. Chi—Square
I Count Count Di fference Factor

33 12141 12141 0 0
I 9 11104 11104 0 0

6 10180 10324 -1.4 2.012
7 9022 9442 —4.5 18.650

1 2 8691 8385 +3.7 11.~ 42
Total 51140 51396 —0.5 32.005

I
Tabl e 5.1.3 Stations 33 & 9

I Hours 3, 8, 11 , 14, 17, & 20

Station Computed Actual Ch.t-Square
Count Count Difference Factor

33 12141 12141 0 0
9 11104 11104 0 0
6 11158 10324 +8.1 67.442
7 10431 9442 +10.5 103.491

1 2 8903 8385 +6.2 31.958
Total 53737 51396 +4.6 202 .891

I
Tabl e 5.1.4 Stations 33 & 9

I Hours 6, 8, 12, 15, 18, & 20

Station Computed Actual Chi-Square

I Count Count Difference Factor

33 12141 12141 0 0
1 9 11104 11104 0 0
1 6 10209 10324 —1.1 1.270

7 9479 9442 +0.4 0.143
2 8385 +5.2 22.897I ¶~otal 51756 51396 +0.7 24.311

I

~ 
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Tabl e 5.2.1 Stations 33 & 7 -

I Hours 2, 9, 10, 13, 17, & 19

I Station Computed Actual Chi-Square
I Count Count Di fference Factor

33 12141 12141 0 0
9 10976 11104 —1.2 1.477
6 10172 10324 —1.5 2.244
7 9442 9442 0 0

1 2 8
~ll 8385 4.307

Total 51306 51396 —0.2 8.028

I
Table 5.2.2 Stations 33 & 7

I Hours 6, 9, 12, 15, 18, & 19

Station Computed Actual Chi-Square
Count Count Di fference Factor

33 12141 12141 0 0
9 10794 t t t O 4  -2.8 8.663
6 10214 10324 —1.1 1.170
7 9442 9442 0 0
2 8732 8385 +4.1 14.360
Total 51323 51396 —0.1 24.193

Tabl e 5.2.3 Stations 33 & 7

Hours 3, 8, 11 , 14, 17, & 20
Station Computed Actual Chi-Square

Count Count Di fference Factor

33 12141 12141 0 0
9 11096 11104 —0.1 0.005
6 10882 10324 +5.4 30.139
7 9442 9442 0 0
2 8661 9.057
Total 52222 51396 +1.6 39.201

I L
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Table 5.2.4 Stations 33 & 7 -

Hours 6, 8, 12, 15, 18, & 20

I Station Compute d Actual Chi-Square
Coun t Count Difference Factor

I 33 12141 12141 0 0
9 10443 11104 —5.9 39.331
6 10032 10324 —2.8 8.279
7 9442 9442 0 0

1 2 8691 8385 +3.6 11.174
Total 50749 51396 —1.3 58.784

I
Tabl e 5.3.1 Stations 7 & 2

I Hours 2, 9, 10, 13, 17, & 19
Station Computed Actual Chi-SquareI Count Count Di fference Factor

33 11851 12141 —2.4 6.905
9 10793 11104 —2.8 - 8.698

1 6 10015 10324 —3.0 9.262
7 9442 9442 0 0
2 8385 8385 0 0

I Total 50486 51396 —1.8 24.864

Table 5.3.2 Stations 7 & 2

I Hours 6, 9, 12, 15, 18, & 19

Station Computed Actual Chi-Square

I Count Count Di fference Factor

33 12567 12141 +3.5 14.961
f 9 10836 11104 +2.4 6.446
1 6 10261 10324 —0.6 0.386

7 9442 9442 0 0
2 8385 ’ 0 _O

I Total 51491 51396 +0.2 21 .793

I
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— Table 5.3.3 Stations 7 & 2 -

Houre 3, 8, 11, 14, 17, & 20

7 - Station Computed Actual $ Chi-Square
Count Count Di fference Factor

33 10866 12141 —10.5 133.797
9 10505 11104 —5.4 32.352
6 10328 10324 +0.01 0.002
7 9442 9442 0 0
2 8385 . 8385 0 0
Total 49526 51396 —3.6 1-66.151

0

Tabl e 5.3.4 Stat ions 7 & 2

Hours 6, 8, 12 , 15, 18, & 20

Station 
- 

Computed Actual Chi-Square
Count Count Di fference Factor

- 33 12247 12141 +0.9 0.930
• 9 10412 11104 —6.2 43.152

• 6 9996 10324 —3.2 10.420
7 9442 9442 0 0 —

2 8385 8385 0 0
Total 50482 51396 —1.8 54.501

; 1.
Table 5.4.1 Stations 9 & 6

•- 

Hours 2 , 9, 10, 13, 17, & 19

— 
Station Computed Actual Chi-Square

Count Count Difference Factor

- 33 . 12224 12141 +0.7 0.565
9 11104 11104 0 0
6 10324 10324 0 0
7 .9662 9442 +2.3 5.126
2 873~ 8385 +4.2 14.940I Total 52053 51396 +1.3 20.630

I
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Tabl e 5.4.2 Stations 9 & 6 -

I Hours 3, 8, 11 , 14, 17, & 20

i Station Computed Actual Chi-Square
I Count Count Difference Factor

33 11427 12141 —5.9 41.940I 9 11104 11104 0 0
6 10324 10324 0 0
7 9975 9442 +5.6 30.060

1 2 8475 ~~385 + 1.1 0.965
Total 51305 51396 —0.2 72.966

I
Table 6.1.1 Station 28

I Hours 6, 9, 12 , 15, 18, & 19

Station Computed Actual Chi-SquareI Count Count Difference Factor
9 10205 11104 —8.1 72.716
28 6239 6239 0 0i .33 11895 12141 —2.0 5.001
39 17577 17721 —0.8 1.178

- 41 20522 20605 —0.4 0.337
-

• 42 20126 19894 +1.2 2.717
Total 86564 87704 —1.3 81.950

Table 6.1.2 Station 28

I Hours 6, 8, 12, 15, 18, & 20

I Station Computed Actual Ch.t-SquareL Count Count Difference Factor

9 10142 11104 —8.7 83.425
28 6239 6239 0 0F 33 12136 12141 —0.04 0.002
39 18083 17721 +2.0 7.381
41 20900 20605 +1.4 4.213
42 20166 19894 3.716

_ Total 87666 87704 —0.04 - 98.738
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Tabl e 6.2.1 Station 33 - -

Hours 6, 9, 12, 15, 18, & 19
— Ctation Computed Actual Chi-Square

Count Count Difference Factor

9 10392 11104 —6.4 45.604
28 6341 6239 +1.6 1.681
33 12141 12141 0 0
39 17971 17721 • +1.4 3.522j 41 21068 20605 +2.2 10.391
42 20545 19894 +3.3 21.278
Total 88458 87704 +0.9 82.476

Table 6.2.2 Station 33 -

Hours 6, 8, 12, 15, 18, & 20

Station Computed Actual Chi-Square
Coun t Count Di fference Factor

r 9 10223 11104 —7.9 69.917
L 28 6281 6239 +0.7 0.286

33 12141 12141 0 0
— 39 18181 17721 +2.6 11.928

• 41 - - 20992 -
~~ -- 20605 +1.9 7.269

42 20224 29894 +1.7 5.462
- Total 88042 87704 +0.4 94 .862

I Table 6.3.1 Station 39

- 

Hours 6, 9, 12, 15, 18, & 19 -

• I Station Computed Actual $ Chi-Square
Coun t Coun t Di fference Factor

1 9 10272 11104 —7.5 62.356
28 6266 6239 +0.4 0.120
33 11988 12141 —1.3 1.933

I 39 17721 17721 0 0
I 41 20731 20605 +0.6 0.772

42 20281 19894 +~~~~ 7.534

I Total 87259 87704 —0.5 72.716

- I
I 
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Table 6.3.2 Station 39

Hours 6, 8, 12, 15, 18, & 20

I Station Computed Actual Chi-Square
Count Count Difference Factor

9 9971 11104 —10.2 115.675
28 6130 6239 —1.7 1.901
33 11862 12141 —2.3 6.419
39 17721 17721 0 0

1 41 20506 20605 -0.5 0.475
F 42 19764 i9894~ -0.71 0.846

Total 85954 87704 —2. 0 125.316

I Tabl e 6.4 .1 Station 4 1

Hours 6, 9, 12, 15, 18, & 19

I Station Computed Actual Chi-Square
Coun t - Coun t Difference Factor

I 9 10252 11104 —7.7 65.302
1 28 6288 6239 +0.8 0.384

33 11953 12141 —1.5 2.903
1 39 1764 2 17721 —0.4 0.349

41 20605 20605 0 0
42 20240 19894 ÷1.7_ 6.013

I Total 86980 87704 —0.8 74.951

I Table 6.4.2 Station 41

Hours 6, 8, 12, 15, 18, & 20

I Station Computed Actual Chi-Square
Count Count Di fference Factor

I 9 9977 11104 —10.1 114.289
28 6175 6239 —1.0 0.667
33 11921 12141 —1.8 3.981

1 39 17763 17721 +0.2 0.098
41 20605 20605 0 0
42 19864 19894 —0.2 0.045

I Total 86305 87704 -1.6 119.07 9
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I Tabl e 6.5.1 Station 42 - • 

- -

Hours 6, 9, 12, 15, 18, & 19

I Station Computed Actual Chi-Square
Count Count Difference Factor

9 10056 11104 —9.4 98.943
28 6154 6239 —1.4 1.156
33 11753 12141 —3.2 12.423
39 • 17354 17721 —2.1 7.596
41 20349 20605 —1.2 3.173
42 19894 19894 0 0
Total 85560 87704 —2.4 123.291

I Table 6.5.2 Station 42

Hours 6, 8, 12, 15, 18, & 20

I Station Computed Actual $ Chi-Square
Count Count Difference Factor

r 9 10029 11104 —9.7 103.999
L 28 6182 6239 —0.9 0.528

33 11942 12141 —1.6 3.271
39 17825 17721 +0,6 0.611j 41 20623 20605 +0.1 0.01 5
42 19894 19894 0 0
Total 86495 87704 -1.4 108.424

Tabl e 7.1.1 Stations 9, 28, & 41

Hours 3, 8, 11 , 14, 17, & 20

Station Computed Actual Chi-Square
Count Count Difference Factor

1 9 11104 11104 0 0
28 6239 6239 0 0
33 11603 12141 —4.4 23.847
39 17925 17721 +1.2 2.349

- 41 20605 20605 0 0
42 19509 19894 -1.9 7.45k

L Total. 86985 87704 —0.8 33.649
I

I
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I Table 7.1.2 Stations 9, 28, & 41

Hours 2, 9, 10, 13, 17, & 19
Station Computed Actual Chi-Square

Count Coun t Difference Factor

9 11104 11104 0 0
28 6239 6239 0 0
33 12125 12141 —0.1 0.022
39 17755 17721 +0.2 0.066
41 20605 20605 0 0
42 20393 19894 +2.5 12.517
Total 88221 87704 +0.6 12.606

I Table 7.2.1 Stations 33, 41, & 42

Hours 3, 8, 11 , 14, 17, & 20

I Station Computed Actual Chi-Square
Count Count Difference Factor

1 9 11526 11104 +3.8 16.070
28 6360 6239 +1.9 2.340
33 12141 12141 0 0

I 39 18285 17721 +3.2 17.980
1 41 20605 20605 0 0

42 19894 j9894 0 0

I Total 88811 87704 +1.3 36.390

I Table 7.2.2 Stations 33, 41, & 42

Hours 2, 9, 10, 13, 17, & 19

I Station Computed Actual. Chi-Square
Count Count Difference Factor

1 9 11124 11104 +0.2 0.037
28 6454 • 6239 +3.4 7.384

1 33 12141 12141 0 0
39 17668 17721 —0.3 0.158
41 20605 20605 0 0
42 19894 19894 0 0

I Total 87886 87704 +0.2 7.580

I
•1 
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Table 7.3.1 Stations 28, 33, & 39
Hours 3, 8, 11 , 14, 17, & 20

Station Computed Actual Chi-Square
Count Coun t Difference Factor

9 11378 11104 +2.5 6.765
28 6239 6239 0 0
33 12141 12141 0 0
39 17721 17721 0 0
41 20736 20605 +0.6 0.834
42 19676 19894 —1.1 2.382
To tal 87891 87704 +0.2 9.980

Table 7.3.2 Stations 28, 33, & 39

Hours 2, 9, 10, 13, 17, & 19
Station Computed Actual Chi-Square

Coun t Count Difference Factor

9 11033 11104 —0.6 0.451
28 6239 6239 0 0
33 12141 12141 0 0
39 17721 17721 0 0
41 20271 - 20605 —1.6 5.425
42 20260 19894 +1.8 6.720
Total 87665 87704 —0.04 12.597

Table 7.4.1 - Stations 9, 28, & 33
Hours 3, 8, 11 , 14, 17, & 20

Station Computed Actual Chi—Square
Coun t Coun t Difference Factor

9 11104 11104 0 0
28 6239 6239 0 0
33 12141 12141 0 0

• 39 18271 17721 +3.1 17.048
41 20903 20605 +1.4 4.320
42 19870 19894 —0.1 0.029
Total 88528 87704 +0.9 21.397 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ---•- 
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Tabl e 7.4.2 Stations 9, 28, & 33

Hours 2, 9, 10, 13, 17, & 19

I Station Computed Actual $ Chi-Square
Count Count Difference Factor

9 11104 11104 0 0

1 28 6239 6239 0 0
33 12141 12141 0 0
39 17662 17721 —0.3 0.197

I 41 20347 20605 —1.3 3.226
42 20320 19894 +2.1 9.132
Total 87813 87704 +0.1 12.555

I
I Table 7.5.1 Stations 9, 28, & 39

Hours 3, 8, 11 , 14, 17, & 20

I Station Computed Actual $ Chi-Square
Count Count Difference Factor

1 9 11104 11104 0 0
28 6239 6239 0 0
33 11522 12141 —5.1 31.566
39 17721 17721 0 0

1 41 20395 -. 20605 —1.0 2.135
42 19374 19894 —2.6 13.592
Total 86355 87704 —1.5 47.294

Table 7.5.2 Stations 9, 28, & 39

Hours 2, 9, 10, 13, 17, & 19

I Station Computed Actual Chi-Square
Count • - - Coun t Difference Factor

I • 9 11104 11104 0 0
28 6239 6239 0 0
33 12049 12141 —0.8 0.700
39 17721 17721 0 0
41 20262 20605 —1.7 5.712
42 20278 19894 +1~ 9 7.414

I Total 87653 87704 —0.1 13.825

1
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Table 7.6.1 Stations 9, 28, & 42 -

Hours 3, 8, 11 , 14, 17, & 20

Station Computed Actual Chi-Square
Count Count Difference Facto r

9 11104 11104 0 0
28 6239 6239 0 0
33 11698 12141 —3 .6 16.188
39 - 18091 17721 +2.1 7.721
41 20730 20605 +0.6 0.764
42 19894 19894 0 0
Total 87756 87704 +0.1 24.674

Table 7.6 .2 Stations 9, 28, & 42

Hours 2, 9, 10, 13, 17, & 19

Stations Computed Actual Chi-Square
Count Count Difference Factor

9 11104 11104 0 0
28 6239 6239 0 0
33 11881 12141 —2.1 5.582
39 17398 17721 —1.8 5.882
41 20029 20605 —2.8 16.118
42 19894 19894 0 0
Total 86545 87704 —1.3 27.582

Table 8.1 Station 32

Hours 4, 9, 15, & 20
Station Computed Actual Chi-Squar e

Count Count Difference Factor

32 3120 3120 0 0
3 3608 3608 +4.4 6.696
10 3847 3557 +8.2 23.635
16 4539 4410 +2.9 - 3.755
27 4744 4782 -0.8 0.297
1 6340 5779 +9.7 54.542
28 6332 6239 +1.5 1.387

2 8897 8385 +6. 1 31.315
Continued next page

I 
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i Table 8.1 Continued - -

Station Computed Actual $ Chi-Square
• 

Count Count Difference Factor

7 9825 9442 +4.1 15.548
6 10226 10324 —0.9 0.923
9 11141 11104 +0.3 0.121
33 12814 12141 +5.5 37.328
4 14886 14905 —0.1 0.025

• 39 18619 17721 +5.1 45.525
42 21026 19894 +5.7 64.447
41 20610 20605 +0.02 0.001

Total 160574 155864 - +3.0 285.544

Table 8.2 Station 3

Hours 4, 9, 15, & 20

Station Computed Actual % Chi -Square
Count Count Difference Factor

32 3001 3120 -3.8 4.568
3 3456 3456 0 0
10 3651 3557 +2.6 2.486

- 16 4274 4410 —3.1 4.176
2’T 4467 4782 -3.1 20.796
1 6027 5779 +4.3 10.665
28 6077 6239 -2.6 4.221
2 8477 8385 +1.1 1.006
7 9349 9442 -1.0 0.911
6 9672 10324 —6.3 41.173

I 9 10787 11104 —2.9 9.022
33 12150 12141 +0.1 0.007
4 14193 14905 -4.8 34 .008

I 39 17706 17721 —0.1 0.013
42 19979 19894 +0.4 0.367
41 .19381 20605 —5.9 72.7Z5
Total 152647 155864 —2 ,1 206.144

I

II
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Table 8.3 Station 16

I Hours 4, 9, 15, & 20

Station Computed Actual Chi-Square
Count Count Difference Factor

32 3289 3120 +5.4 9.125
1 3 3787 3456 +9.6 31.698

10 3844 3557 +8.1 23.195
16 4410 4410 0 0

1 27 4807 4782 +0.5 0.135
1 6502 5779 +12.5 90.387
28 6531 6239 +4.7 13.637
2 9080 8385 +8.3 57.548
7 10561 9442 +11.9 132.613

- 6 10400. - 10324 +0.7 0.566
9 12320 11104 +10.9 133.236-- 33 13051 12141 +7.5 68.260

-~~ 4 15586 14905 +4.6 31.148
39 19138 17721 +8.0 113.380

• 42 21232 19894 +6.7 89.943
41 20333 20605 —1.3 3.579
Total 164871 155864 +5.8 798.447

Table 8.4 Station 2

Hours 4, 9, 15, & 20

Station Computed Actual Chi-Square
- Count Count Difference Factor

32 3031 3120 —2. 9 2.538
- 3 3475 3456 +0.5 0.105

10 3627 3557 +2.0 1.391-- 16 4144 4410 -6.0 15.987
27 4398 4782 —8.0 30.828
1 6029 5779 +4.3 10.831

28 6099 6239 —2.2  3.138
2 8385 8385 0 0
7 9379 9442 -0.7 0.423
6 • 9478 10324 —8.2 69.313
9 10986 11104 —1 . 1 1.263

-• 33 12131 12141 —0.1 0.009
4 14189 14905 —4.8 34.401
39 17727 17721 +0.03 . 0.002

• 42 19891 19894 —0.02 0.001
41 18960 206~5 —8.0 131 .271

j L Total 151929 155864 —2.5 301.499

•1 
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Table 8.5 Station 4

I Hours 4, 9, 15, & 20

Station Computed Actual $ Chi—Square
I Count Count Difference Factor

32 3147 3120 +0.9 0.237

I 3 3626 3456 ‘4.9 8.409
10 3803 3557 +6.9 17.057
16 4413 4410 +0.1 0.002
27 4679 4782 -2.2 2.234

I 1 6320 5779 + 9 4  50.585
28 6340 6239 +1.6 1.640

2 8825 8385 +5.2 23.064
1 7 9900 9442 +4.9 22.172’

6 10083 10324 —2.3 5.625
9 11403 11104 +2.7 8.032

1 33 127 38 12141 +4.9 29.382
4 14905 14905 0 0
39 18575 17721 +4.8 41.134
42 20853 19894 +4.8 46.189
41 20162 _20605 —2.1 9.511
Total 159772 155864 +2.5 265.272

Table 8.6 Station 42

h ours 4, 9, 15, & 20
- Station Computed Actual Chi-Square

Count Count Difference Factor

32 3059 3120 —1.9 1.190
3 3531 3456 +2.2 1.615

10 3607 3557 + 1.4 0.706
16 4239 4410 —3.9 6.604
27 4531 4782 — 5. 2  13.132
1 6059 5779 +4.8 13.529
28 6111 6239 —2.1 2.632
2 8600 - - 8385 +2.6 5.516
7 9826 9442 +4.1 15.640

- 6 9903 10324 —4.1 17.150
9 11422 11104 +29 9.129

- 33 12163 12141 +0.2 0.040
4 14581 14905 —2.2 7.054
39 17821 17721 +0.6 0.568

— 
42 19894 19894 0 0
41 19299 82.759
Total 15464 6 155864 -0.8 177.263

I i i
I
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Tabl e 9.1 Station 42 -

Hours 1, 9, 17, & 20

Station Computed Actual Chi-Square
Count Count Difference Factor

32 3528 3120 +13.1 53.223
3 3683 3456 +6.6 14.960
10 4032 3557 +13.4 63.522
16 4552 44 10 +3.2 4.542
27 4491 4782 -6.1 17.711

1 6042 5779 +4.6 11.977
28 7070 • 6239 +13.3 110.650

2 8025 8385 —4.3 15.431
7 9232 9442 —2. 2  4.688
6 - 9544- 10324 —7.6 58.933
9 10556 11104 —4.9 27.025

33 11853 12141 —2.4 6.838
4 14618 14905 —1.9 5.520
39 17365 17721 —2.0 7.136
42 19894 19894 0 0
41 20241 20605 —1.8 6.416
Total 154726 155864 —0.7 408.571

Table 9.2 Station 42

Hours 4, 11 , 18, & 21 .

Station Computed Actual Chi-Square
Count Count Difference Factor

32 3342 3120 +7.1 15.858
3 3901 3456 +12.9 57.219
10 3693 3557 +3.8 5.163
16 4211 4410 —4.5 8.975
27 4888 4782 +2.2 2.361
1 5964 5779 +3.2 5.905
28 6303 6239 +1.0 0.664

2 8898 8385 +6.1 31.434
7 10202 9442 +8,0 61.112
6 10803 10324 +4.6 22.232
9 11521 11104 +3,8 15.663

— 33 11882 12141 —2.1 5.534
4 16222 14905 +8.8 116.330
39 17948 17721 +1.3 2.914
42 19894 19894 0 0
41 20864 Q~Q~ 

+ 1 • 3 3. 25Q
Total 160536 155864 +3.0 354.614
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Tabl e 9.3 Station 42

I Hours 2 , 8,

I Station Computed Actual Chi-Square
I Count Count Difference Factor

32 327 3 3120 +4.9 7.49 5.
1 3 3131 3456 —9.4 30.616

10 3140 3557 —11.7 48.881
16 4879 4410 +10.6 49.970

I 27 4522 4782 —5.4  14.134
I I . 5715 5779 —1.1 0.704

28 6505 6239 +4.3 11.373
2 7812 8385 -6.8 39.217
7 9375 9442 —0.7 0.478
6 9681 10324 —6.2  40.089
9 10828 11104 —2.5 6.873
33 11804 12141 —2.8 9.342
4 13568 14905 —9.0 119.866
39 17974 17721 +1.4 3.625
42 19894 19894 0 0
41 20691 20605 +0.4 0.362
Total 152792 155864 —2.0 383.024

Tabl e 9.4 Station 42

- .  Hours 3, 12 , 13, & 20

• _ 
Station Computed Actual $ Chi-Square

Count Count Difference Factor

32 2365 3120 -24.2 182.779
-• 3 3447 3456 —0. 3 0.026

10 3523 3557 —1.0 0.316
16 3750 4410 —15.0 98.921
27 4715 4782 —1.4 0.950
1 5702 5779 —1.3 1.031

- 28 5157 6239 —17 .3 187.683
2 9475 8385 —13.0 141.570

• 7 9568 9442 +1.5 1.680
6 10985 10324 +6.4 42.328
9 10810 11104 -2.6 7.790

-. 33 12156 12141 +0.1 0.019
4 14724 14905 — 1 . 2  2 .194

39 • 17968 17721 +1.4 3.437
42 19894 19894 0 0
41 19904 20605 -3.4 23.871
Total 154143 155864 —1. 1 694.593

_ _ 
-~~~~~•~
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Table 9.5 Station 42

I Houra 5, 7, 16, &24

Station Computed Actual Chi-SquareI Count Count Difference Factor

32 3137 3120 +0.5 0.096

I 3 3005 3456 -13.0 58 .807
10 3073 3557 —13.6 65.957
16 5411 4410 +22.7 227 .059

I 27 4878 4782 +2.0 1.924
1 4723 5779 —1 8.3 192.874

F 28 7000 6239 +12.2 92.834
2 6301 8385 —24.9 518.056

I 7 7917 9442 —16.2 246.186
6 9291 10342 —10.2 103.316
9 12548 11104 +13.0 187.830

1 33 13140 12141 +8.2 82.266
1 4 14328 14905 —3.9 22.359

39 17507 17721 —1.2 2.590
42 19894 19894 0 0
41 22948 20605 +1 1.4 266 .452
Total 155101 155864 —0.5  2068 .607

Table 9.6 Station 42

Hours 1, 9, 14, & 23
Station Comput ed Actual Chi-Square

Count Count Difference Factor

32 3339 3120 +7.0 15.419 H
3 3501 3456 +1.3 0.5901 10 3284 3557 —7 .7 20.972
16 4100 4410 —7.0 21.764
27 5163 4782 +8.0 30.388

1 1 6196 5779 +7.2 30.125
1 28 6056 6239 —2.9 5.370

2 8450 8385 +0.8 0.497
7 10194 9442 +8.0 59.897

1 6 11024 1034 2 +6.6 47.461
9 11910 11104 +7,3 58.433
33 12662 12141 +4.3 22.363• 

T 4 15498 14905 +4.0 23.611
• 39 17971 17721 +1.4 3.530• 42 19894 19894 0 0

— 41 _19 304 20605
- Total 158546 155864 +1.7 422.573

• • •_ _ -_~~~• • - _ - • • - --— - • • • . • ~~ - - ~~~~ — --• --~~~~~~~~~~ •~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Table 9.7 Station 42

Hours 6, 10, 17, & 22

Station Computed Actual $ Chi-Square
Count Count Difference Factor

32 3451 3120 +13.5 56.887
• 3 3803 3456 +10.0 34.760

10 4555 3557 +28.1 280.205
16 4751 4410 +7.7 26.349
27 5238 4782 49.5 43.483

1 6245 5779 +8.1 37 .603
28 6736 6239 +8.0 39.539

2 9408 8385 + 12.2 124.906
7 10116 9442 +7.1 48.080
6 11410 10324 +10.5 114.24 2
9 11578 11104 +4.3 20.207
33 12426 12141 +2.3 6.689
4 16994 14905 +14.0 292.823
39 17976 17721 +1.4 3.673
42 19894 19894 0 0
41 20604 20605 0.0 0.000
Total 165275 155864 +6.0 1129.446

Table 9.8 Station 42

Hours 5, 8, 13, & 19

Station Computed Actual Chi-Square
Count Count Difference Factor

32 3043 3120 —2.5 1.922
3 2972 3456 —14.0  67.687
10 2885 3557 —18.9 127.087

• 16 4133 4410 -6.3 17.341
— 27 4133 4782 -13.6 88.025

1 5222 5779 -9.6 53.652
28 604 1 6239 —3.2 6.300

2 7586 8385 —9 .5 76.074
7 8979 9442 -4.9 22.744
6 9308 10324 -9.8 100.030
9 10323 11104 —7.0 54.967
33 11430 12141 —5.9 41.622

• 4 12709 14905 —14.7 323.549
39 17996 17721 +1.6 4.259
42 19894 19894 0 0
41 20524 20605 -0.4 0.317
Total 147178 155864 —5.6 985.577

I
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Table 10.1 Station 16 -

I Hours 5, 8, 13, & 19

I Station Computed Actual Chi-Square
I Count Count Difference Factor

32 3214 3120 +3.0 2.807I 3 3359 3456 —2.8 2.735
10 3369 3557 —5.3 9.983
16 4410 4410 0 0

I 27 4618 4782 —3.4 5.622
1 1 5641 5779 —2.4 3.280

28 6547 6239 +4.9 15.195
2 8706 8385 +3.8 12.314
7 9819 9442 +4.0 15.032
6 10660 10324 +3.3 10.967
9 11264 11104 +1 .4 2.314

t 33 12758 12141 +5.1 31.390
4 14189 14905 —4.8 34.419

39 19 668 17721 +11.0 213.932
42 22384 19894 +12.5 311.769
41 22960 ~~0605 +11.4 269.219
Total 163566 155864 +4.9 940.977

Table 10.2 Station 16

Hours 1, 9, 17, & 20

Station Computed Actual Chi-Square
Count Count Difference Factor

32 3498 3120 +12.1 45.702
1 3 3727 3456 +7.8 21.198

10 4019 3557 +13.0 59.888
16 4410 4410 0 0
27 4569 4782 —4.5 9.447

1 1 6252 5779 +8.2 38.69 1
28 6996 6239 +12.1 91.742
2 8133 8385 —3 .0 7.584

1 7 9624 9442 +1.9 3.498
6 9531 10324 —7.7 60.904
9 10952 11104 —1.4 2.084

1 33 12314 12141 +1.4 2.468
4 14924 14905 +0.1 0.023
39 18009 17721 +1.6 4.675
42 20353 19894 +2.3 10.5771 41 20182 -2.1 8.679
Total 157493 155864 +1.0 367.160

I
I
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Table 11.1 Stations 33, 27, & 4

• Hours 4, 9, 15, & 20

T 
• 

Station Computed Actual Chi-Square• L Coun t Coun t rifference Factor

• - 32 3100 3120 —0.6 0.128
3 3574 3456 +3.4 4.029
10 3726 3557 +4.8 8.030

- 
16 4330 4410 —1.8 1.451
27 4782 4782 0 0
1 6210 5779 +7,5 • 32.144
28 6232 6239 -0.1 0.008
2 8692 8385 +3.7 11.240
7 9811 9442 +3.9 14.421
6 9951 10324 —3.6 13.476
9 11315 11104 +1.9 4.009
33 12141 12141 0 0
4 14905 14905 0 0
39 18259 17721 +3.0 16.333
42 20460 19894 +2.8 16.103
41 19791 20605 —4.0 32.1571
Total 157279 155864 +0.9 153.529

Table 11.2 Stations 28, 2, & 42

Hours 4 , 9, 15, & 20

Station Computed Actual - Chi-Square
Count Count Difference Factor

32 3032 3120 —2.8 2.482
• 3 3493 3456 +1.1 • 0.396

10 3624 3557 +1.9 1.262
16 4227 4410 —4.1 7.594
27 4484 4782 —6.2 18.570
1 604 2 5779 +4.6 11.969
28 6239 6239 0 0
2 8385 8385 0 0

1 7 9583 9442 +1.5 2.106
1 6 9736 10324 -5.7 33.489

9 11121 11104 +0.1 0.026
1 33 12154 12141 +0.1 0.014

4 14372 14905 —3.6 19.060
39 17766 17721 +0.3 0.114
42 19894 19894 0 0

[ 41 19253 20605 —6.6  88.712
Total 153405 155864 —1.6 185.794

II
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Table 11.3 Stations 3, 7, & 33
Hours 4, 9, 15, & 20

Stations Computed Actual Chi-Square
Count Count Difference Factor

32 3012 3120 —3.5 3.738
3 3456 3456 0 0
10 3634 3557 +2.2 1.667
16 4213 4410 —4.5 8.800
27 4452 4782 -6.9 22.772
1 6031 5779 +4.4 10.989
28 6072 6239 —2.7 4.470
2 8436 8385 +0.6 0.310
7 9442 9442 0 0
6 9614 10324 -6.9 48.828
9 10908 11104 —1.8 3.460
33 12141 12141 0 0
4 14225 14905 —4.6 31 .023
39 17726 17721 0.0 0.001
42 19920 19894 +0.1 0.034
41 19214 20605 —6.8 93.903
To tal 152496 155864 —2.2 229.995

Table 11.4 Station8 32, 1 , & 28

Hours 4 , 9, 15, & 20

Station Computed Actual $ Chi-Square
Coun t Count Difference Factor

32 3120 3120 0 0
3 3474 3456 +0.5 0.094
10 364 3 3557 +2.4 2.079
16 4268 4410 —3.2 4.572
27 4487 4782 —6.2 18.198
1 5779 5779 0 0
28 6239 6239 0 0
2 8506 8385 +1.4 1.746
7 9467 9442 +0.3 0.066
6 9731 10324 —5.7 34.061
9 10929 11104 —1.6 2.758
33 12165 12141 +0.2 0.047

• 1 4 14289 14905 —4.1 25.458
39 17747 17721 +0.1 0.038

• 42 19973 19894 +0.4 0.314
41 19383 20605 -5.9 72.472
Total 153200 155864 —1. 7  161.903

I
I
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Table 11.5 Stations 3, 10, & 39
Hours 4 , 9, 15, & 20

I Station Computed Actual Chi-Square
Coun t Coun t Difference Factor

32 3015 3120 —3.4 3.534

I 3 3456 3456 0 0
10 3557 3557 0 0
16 4204 4410 -4.7 9.623

I 27 4463 4782 —6.7 21.280
I 1 6006 5779 +3,9 8.702

28 6053 6239 —3.0 5.545
g 2 8466 8385 +1.0 0.782
1 7 9556 9442 +1.2 1.376

6 9699 10324 —6.1 37.837
• 9 11084 11104 -0.2 0.036
I 33 12079 12141 —0.5 0.317

4 14307 14905 —4.0 23.992
39 17721 17721 0 0

1 42 19785 19894 -0.5 0.597
41 19145 20605 —7.1 103.451
Total 152596 155864 —2.1 217.072

Tabl e 12.1 Stations 32, 10, 27, 28, 7, 9, 4, & 41

I Hours 4, 9, 15, & 20

Station Computed Actual Chi-Square

I Coun t Coun t Di fference Factor

32 - 3120 3120 0 0
3 3599 3456 +4.1 5.929

1 10 3557 3557 0 0
16 4391 4410 —0.4 0.080
27 4782 4782 0 0

I 1 6265 5779 +8.4 40.887
28 6239 6239 0 0
2 8774 8385 +4.6 18.09 0

1 7 - 9442 9442 0 0
I 6 • 10017 10324 —3 .0 9.105

9 11104 111 04 0 0
1 33 12624 12141 +4.0 19.180

4 14905 14905 0 0
39 18413 17721 +3.9 27.003
42 20696 19894 +4.0 32.305
41 20605 206~5 0 0
To tal. 158533 1558 64 +1.7 152.580
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Tabl e 12.2 Stations 32 , 10, 27, 28, 7, 9, 4, & 41

Hours 1, 9, 17, & 20

Station Computed Actual Chi-Square
Count Count Di fference Factor

32 3120 3120 0 0
3 3680 3456 +6.5 14.545
10 3557 3557 0 0
16 4475 4410 +1.5 0.949
27 4782 4782 0 0
1 6094 5779 +5.5 17.189
28 6239 6239 0 0
2 8023 8385 —4 .3 15.638

F 7 9442 9442 0 0
6 9488 10324 —8.1 67.767
9 11104 11104 0 0
33 11984 12141 — 1.3 2.026
4 14905 14905 0 0
39 17541 17721 —1.0 1.838

• 42 19983 19894 +0.4 0.400
41 20605 20605 0 0 —

Total 155022 155864 —0.5 120.352

Table 12.3 Stations 32, 10, 27, 28, 7, 9, 4, & 41

Hours 5, 8, 13, & 19

Station Computed Actual Chi-Square
Coun t Coun t Difference Factor

32 3120 3120 0 0
3 3204 3456 —7.3  18.318
10 3557 3557 0 0
16 4415 4410 +0.1 0.006

j 27 4782 4782 0 0
1 5586 5779 —3.3 6.471
28 6239 6239 0 0
2 8198 8385 —2.2 4.185
7 9442 9442 0 0
6 10057 10324 —2.6 6.922
9 11104 11104 0 0
33 12287 12141 +1.2 1.767
4 14535 14905 0 0
39 19310 17721 +9.0 142.552
42 21410 19894 +7.6 115.517
41 2Q605 20605 0 — 0

Total 158221 155864 +1.5 295.738

r
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Tabl e 12.4 Stations 32 , 10, 27, 28, 7, 9, 4, & 41
I Hours 6, 7, 17, & 20

I Station Computed Actual Chi-Square
I Count Count Difference Factor

1 32 3120 3120 0 0
3 3052 3456 —11.7 47.294
10 3557 3557 0 0
16 5867 4410 +33.0 481.322

I 27 4782 4782 0 0
1 5347 5779 —7 .5 32.258
28 6239 6239 0 0

1 2 6815 8385 —18.7 293.847-
1 7 9442 9442 0 0

6 9227 10324 —10.6 116.630
9 11104 11104 0 0

1 33 12490 12141 +2.9 10.035
4 14905 14905 0 0

• 39 18368 17721 +3.7 23.636
42 20046 19894 +0.8 1.163
41 20605 _20605 0 0
Total 154966 155864 —0.6 1006.184

Table 12.5 Stations 32, 10, 27, 28, 7, 9, 4, & 41

Hours 2, 7, 14, & 21

Station Computed Actual Chi-Square
Coun t Coun t Difference Factor

32 3120 3120 0 0
I 3 3019 3456 —12.6 55.209
1 10 3557 3557 0 0

16 4984 4410 +13.0 74.653
1 27 4782 4782 0 0
I 1 5378 5779 -6.9 27.774

28 6239 6239 0 0
• 2 7350 8385 —12.3 127.647

7 9442 9442 0 0
6 10146 10324 —1.7 3.052
9 11104 11104 0 0

• 1 33 1 3201 12141 +8.7 92.598
I 4 14905 14905 0 0

39 19328 17721 +9.1 145.773
42 20599 19894 +3.5 24.9761 41 20605 20605 0 0
Total 157759 155864 +1.2 551.682
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Table 12.6 Stations 32, 10, 27, 28, 7, 9, 4, & 41

Hours 6, 9, 14, & 19
Station Computed Actual Chi-Square

‘ 
Count Count Difference Factor

32 3120 3120 0 0
3 3492 3456 +1.0 0.383
10 3557 3557 0 0
16 4057 4410 —8.0 28.311
27 4782 4782 0 0
i 6084 5779 +5.3 16.116
28 6239 6239 0 0
2 8536 8385 +1.8 2.703
? 9442 9442 0 0
6 10494 10324 +1.6 2.796
9 11104 11104 0 0 F

33 12349 12141 +1 .7 3.551
4 14905 14905 0 0
39 18776 17721 +5.9 62.781
42 21105 19894 +6.1 73.722
41 206Q~ 20605 0 

— 
0

Total 158647 155864 +1.8 190.363

Table 13.1 Stations 32, 3, 10, 16, 4, 39, 41, & 42

Hours 1, 9, 17, & 20

Station Computed Actual Chi-Square
Count Count Di fference Factor

• 32 3120 3120 0 0
3 3456 3456 0 0
10 3557 3557 0 0
16 4410 -4410 0 0
27 4482 4782 —6.3 18.776
1 6061 5779 +4.9 13.796
28 7000 6239 +12.2 92.768
2 8001 8385 —4.6 17.582
7 9277 9442 -1.7 2.887
6 9473 10324 —8.2 70.152
9 10595 11104 —4.6 23.359

33 11908 12141 —1.9 4.479
4 14905 14905 0 0
39 17721 17721 0 0
42 19894 19894 0 0

— 41 20605 206Q5 0 0
Total 154465 155864 —0.9 243.799
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Table 13.2 Stations 32, 3, 10, 16, 4, 39, 41, & 42

Hours 5, 8, 13, 19

Station Computed Actual • Chi-Square
Count Count Di fference Factor

32 3120 3120 0 0
3 3456 3456 0 0
10 3557 3557 0 0
16 4410 4410 0 0
27 4311 4782 -9.8 46.423
1 5422 5779 —6.2 22.027
28 6289 6239 +0.8 0.409
2 7915 8385 —5 .6 26.395
7 9331 9442 -1.2 1.303
6 9727 10324 —5.8 34.533
9 10716 11104 —3.5 13.536
33 11939 12141 —1.7 3.365
4 14905 14905 0 0
39 17721 17721 0 0
42 19894 19894 0 0
41 20605 _ 20605 0 0

Total 153318 155864 —1.6 147.991

Table 13.3 Stations 32, 3, 10, 16, 4, 39, 41, & 42

Hours 1 , 8, 13, 20

Station Computed Actual Chi-Square
Count Count Difference Factor

32 3120 3120 0 0
— 3 3456 3456 0 0

10 3557 3557 0 0
16 4410 4410 0 0
27 4349 4782 -9.1 39.238

[ 1 5796 5779 +0.3 0.048
28 6229 6239 —0.2 0.017
2 8113 - 8385 —3 .2 8.821

• 7 9885 9442 +4.7 20.783
6 9782 10324 -5.2 28.414

• 9 10716 11104 —3.5 13.525
33 12337 12141 +1.6 3.167
4 14905 14905 0 0
39 17721 17721 0 0
42 19894 19894 0 0
41 20605 20605 0 0
Total 154875 155864 —0.6 114.013

I

_  ~~~~~~~~~~~~ • • .-- -
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I
Table 13.4 Stations 32, 3, 10, 16, 4, 39, 41, & 42

I Hours 6, 9, 14, & 19

I Station Computed Actual $ Chi-Square
I Count Count Difference Factor

1 32 3120 3120 0 0
3 3456 3456 0 0
10 3557 3557 0 0
16 4410 4410 0 01 27 4583 4782 —4.2 8.304

• 1 6022 5779 +4.2 10.214
28 6078 6239 -2.6 4.179

I 2 8443 8385 +0.7 0.408
I 7 9564 9442 +1.3 1.584

6 10390 10324 +0.6 0.427
1 9 11307 11104 +1.8 3.709

33 12153 12141 +0.1 0.012
4 14905 14905 0 0
39 17721 17721 0 0
42 19894 19894 0 0
41 20605 - 20605 0 0
Total 156208 155864 +0.2 28.836 F

Table 14.1 Stations 7, 6, 9, 33, 4 , 39, 41, & 42

Hours 4, 9, 15, & 20

Station Computed Actual Chi-Square
Count Count Difference Factor

32. 3092 3120 —0.9 0.245
3 3560 3456 +3.0 3.117
10 3716 3557 +4,5 7.124
16 4312 4410 -2.2 2.195

1 27 4569 4782 -4.5 9.503
1 6181 5779 +7.0 27.957
28 6224 6239 —0.2 0.038
2 8657 8385 +3.2 8.809

1 7 9442 9442 0 0
6 10324 10324 0 0
9 11104 11104 0 0
33 12141 12141 0 0
4 14905 14905 0 0
39 17721 17721 0 0

-‘ 42 19894 19894 0 0[ 41 20605 20605 0_ 0
Total 156447 155864 +0.4 58.988

1.
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Table 14.2 Stations 7, 6, 9, 33, 4, 39, 41, & 42

Hours 6, 9, 14, & 19
Station Computed Actual Chi-Square

Count Count Difference Factor

32 3230 3120 +3.5 3.907
3 3418 3456 —1 .1 0.417
10 3243 3557 —8.8 27.785
16 3951 4410 —10.4 47.763
27 4541 4782 —5.0 12.176
1 5948 5779 +2.9 4.926
28 6056 6239 —2.9 5.368
2 8308 8385 -0.9 0.714
7 9442 9442 0 0
6 10324 10324 0 0
9 11104 • 

11104 0 0
33 12141 12141 0 0
4 14905 14905 0 0
39 17721 17721 0 0
42 19894 19894 0 0
41 20605 20605 0 0
Total 154831 155864 —0.7 103.055

Table 14.3 Stations 7, 6, 9, 33, 4, 39, 41, & 42

Hours 6, 9, 15, & 19
Station Computed Actual Chi-Square

Count Count Di fference Factor

32 3328 3120 +6.7 13.891
3 3417 3456 -1.1 0.449
10 3571 3557 +0.4 0.059• 16 4633 4410 +5.1 11.295
27 4609 4782 —3.6 6.258
1 5857 5779 +1.3 1.064
28 6477 6239 +3.8 9.054
2 8314 8385 -0.8 0.600
7 9442 9442 0 0
6 10324 10324 0 0
9 11104 11104 0 0

33 12141 12141 0 0
4 14905 14905 0 0

• 39 17721 17721 0 - 0
42 19894 19894 0 0
41 20605 20605 0 0
Total • 156342 155864 +0.3 42.670
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I
I Table 15.1 Stations 3, 27, 28, 2, 7, 6, 9, & 33

Hours 4 , 9, 15, & 20

I Station Computed Actual • Chi-Square
Count Count Difference Factor

32 3079 3120 —1.3 0.533
3 3456 3456 0 • 0
10 3722 3557 +4.6 7.679
16 4300 4410 -2.5 2.727

I 27 4782 4782 0 0
1 6174 5779 +6.8 27.056
28 6239 6239 0 0

I 2 8385 8385 0 0
1 7 9442 9442 0 0

6 10324 10324 0 0
1 9 11104 11104 0 0
I 33 12141 12141 0 • 0

4 14524 14905 —2.6 9.746
39 18147 17721 +2.4 10.243
42 20393 19894 +2.5 12.533

• 41 19641 20605 -4.7 45.073
Total 155853 155864 —0.007 115.591

Table 15,2 Stations 3, 27, 28, 2, 7, 6, 9, & 3 3
Hours 6, 9, 14, & 19

Station Computed Actual Ohi-Square
Count Count Difference Factor

32 3272 3120 +4.9 7.409
1 3 3456 3456 0 0

10 3273 3557 -8.0 22.749
16 4033 4410 —8.5 32.149
27 4782 4782 0 0
1 5978 5779 +3.4 6.860
28 6239 6239 0 0
2 8385 8385 0 01 7 9442 9442 0 .  0

• 6 10324 10324 0 0
• 9 11104 11104 0 0

1 33 12141 12141 0 0
j I • 4 14183 14905 —4.8 34.982

• 39 18610 17721 +5.0 44.598
42 20870 19894 +4.9 47.924
41 20497 20605 —0.5 0.562

Total 156589 155864 +0.5 197,234

I

- • • 
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Table 15.3 Stations 3, 27, 28, 2, 7, 6, 9, & 33
• Hours 6, 9, 15, & 19
- 

Station Computed Actual Ch.t-Square
• - Count Count Difference Factor
- - 32 3388 3120 +8.6 22.994

3 3456 3456 0 0
10 3619 3557 +1.7 1 .078

- 16 4734 4410 +7.3 23.758
27 4782 4782 0 0

- 1 5933 5779 +2.7 4.088
- 28 6239 6239 0 0

• 2 8385 8385 0 0
7 9442 9442 0 0

- 6 10324 10324 0 0
— 9 11104 11104 0 0

33 12141 12141 0 0
4 14343 14905 —3 .8 21.195

• 39 18743 17721 +5.8 58.933
42 21380 19894 —7.5 111.055

• 41 21178 20605 +2.8 15.954
Total 159191 155864 +2.1 259.055

Table 15.4 Stations 3, 27, 28, 2, 7, 6, 9, & 33

Hours 5, 8, 13, & 19

- Station Computed Actual $ Chi-Square
- 

Count Count Difference Factor

52 3313 3120 +6.2 11.997
* 5 3456 3456 0 0

10 3111 3557 —12.5 - 55.957
16 4494 4410 +1.9 1.607

• 27 4782 4782 0 0.
1 5671 5779 —1.9 2.014
28 6239 6239 0 0
2 8385 8385 0 0J 7 9442 9442 0 0
6 10324 10324 0 0
9 11104 11104 0 0
33 12141 12141 0 0
4 13782 14905 —7.5 84.660

• 39 19546 17721 +10.3 187.912
• 

42 21539 19894 +8.3 136.065
41 20605 +8.0 152.218

Total 159585 155864 +2.4 612.429
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I
Table 16 - •

I Rotated Factor Matrix for 24 Hours of Counts

I Rotated Factor Matrix-
I l 2

Hour
• 1 0.67045 -0.71003

i 2 0.42779 —0.89506
I 5 0.32767 —0.92417

4 0.12265 —0.96975
5 0.77514 -0.50519

1 6 0.93255 —0.27733
7 0.91278 —0.25919
8 0.91546 —0.35726

I 9 0.88137 -0.41742
10 0.80087 -0.54343
11 0.80416 —0.55621
12 0.85602 —0.48129
13 0.93224 —0.33910
14 0.88944 —0 .42793
15 0.93718 —0.32850

1 16 0.94211 —0.25569
17 0.93784 -0.28916
18 0.95159 —0.26~67
19 0.94543 —0.31008
20 0.91956 -0.36823
21 0.92679 —0.34640-, 22 0.79700 —0. 5601 1

1 23 0.83398 —0.51554
24 0.80457 —0.54222

I Factor Variance Percent

1 16.48183 71.75
2 6.48866 28.25

I

-I 
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Tabl e 16.1

I Factor Matrix for Odd Hours

I Factor Matrix

• 1
HourI 1 0.92560

3 0.7254 6
5 0.92750

1 7 0.92918
9 0.97221

11 0.97290
13 0.98137
15 0.98117
17 0.96352
19 0.97970
21 0.97871
23 0.97667

Only 1 factor retained . No rotation will be made.

-• 
Table 16.2

Factor Matrix for Ev en Hours
- Rotated Factor Matrix

1 2
• Hour

2 0.47162 —0.87332
• 4 0.16229 -0.97222

6 0.94180 -0.23268
8 0.92146 —0.32914
10 0.82691 —0.50521
12 0.88162 —0.43261
14 0.91078 —0.37908

1. 16 0.95525 —0.20550
18 0.96788 -0.21384

- 20 0.93467 —0.32776
• 22 0.82929 —0.51544

24 0.83197 -0. 50572

F Factor Variance Percent
1 8.37822 72.54
2 3.17122 27.46

I
I r .

L 
-- •
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I
Table 17

Factor Matrix for 16 Stations

Factor Matrix

I
Station
32 C.95486

5 0.98283
10 0.96125
16 0.92056
27 0.95123

1 0.96530
28 0.95285

2 0.94006
7 • 0.95352
6 0.96488
9 0.97439
33 0.97767
4 0.96928
39 0.98013
42 0.99100
41 0.97572

Only 1 factor retained. No rotation will be made.

Table 18

Relationships Between Factor Analysis and Estimate

Accuracies, Four Station Tests, Tables 4.3.1 to 4.5.4

Station Correlation Rank Among $ Rank Among
From Table 17 Stations Difference Stations

28 0.95285 1 —4. 2  2
16 0.92056 4 +9 ,9 4
27 0.95123 2 +3.9
32 0.93486 5 —5 .6  5

Station Total Chi- Rank Among
Square Factor Stations

28 83.129 1
16 263.112 4
27 86.405 2

r 32 105.342 5 -

i 

• •--—•---• -- •
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I
Table 19

I Relationships Between Factor Analysi s and Estimate

• I Accuracies, Sixteen Station Tests, Tables 8.1 to 8.6

Station Correlation Prom Rank Among Rank
1 Factor Analysis Stations Difference Among
I

32 0.93486 5 +3.0 5
1 3 0.98283 —2.1 2
I 16 0.92056 +5.8 6

2 0.94006 4 -2.5
4 0.98928 2 —2.5f 42 0.99100 1 —0.8 1

Station Total Chi- Rank Among
Square Factor Stations

32 285.544 4
3 206.144 2
16 798,.447 6
2 301.499 5
4 265.272 3
42 177.263 1

1
I
‘i
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Algebraic Representation of  the Estimation Process

This process was described on pages 30, 31, and

32 using the counts for station 42 to estimate the count

for station 4.

Term s
- Hourly Coun t , Hour x , Station y

EC
~ 

— Estimated Count for Station x

Factors for the segments of hours of the day

F - Factor I F2 - Factor 21
F3 

— Factor 3 F4 - Factor 4

— 
1H~~ + 2H42 + 

3
H42 + 4H42 + 

5
H42 + 6H42

I 
-

7
H
42 

+ 8H42 + 

9
H42 + 10H42 + 11 H42 + 12H42

9
H42

_ 
i,H42~~i 14

H42 + 15
H42 + 16H42 + 

17
H42 +

F
3 H17 42

— 
~9
H4~ 

+ 20H42 + 21H42 + 22H42 + 23H42 +

H20 42

EC4 — (P1 . + (F2 . 9H4) + (F3 . 17H4
) + (F4 . 20H4)

—I

H-
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ABSTRACT

The highway agencies of the federal and state

governments require traffic counts of selected roadways

be taken every year. This information is used to pro-

vide statistics for Vehicle Miles of Travel(VMT) and

usage for each type of roadway.

Presently, the bulk of these data is collected by

use of portable and permanent traffic recorders. The

permanent recorders are used to provide factors on time

variations of traffic flows throughout the year. The

• portable recorders are moved to statistically selected

locations to provide a sampling of all volumes of roads

and streets.

In this study, e~timates of traffic counts were

obtained using the variations of traffic flow at selected

locations. This was based on the assumption that the

per cen t of total traffic occurring in any given period

is approximately the same along any route in an area.

The results were obtained by a predictive computer

program. The variations in time of certain flows at

specific locations were used to provide factors for

estimating the traffic counts for other locations in the

same general area.

The results showed this method of estimation was

feasible. The estimated daily count for individual
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locations was usually within 10% of actual volumes.

The hours chosen to provide counts to represent

j the traffic flow variations had a great effect upon the

estimates. The higher volume hours seemec.~ to provide

better basis for estimatea.

The location of the counting station also had a

marked bearing upon the estimates. However, most of

the counts of the stations showed very similar patterns

in traffic volumes over a daily period .

~~This study showed the feasibility of estimating

traffic counts by using the counts of a few stations in

the sam e localized area . The hypo thesis that traffic

follows daily and hourl y patterns whi ch can be predicted

has been substantiated by this study.~

This method of est1fl~ation can be used with aerial

counting øf traf fi c to provide estimates of traffic for

all roads in an area. This would be of great import-

ànce in obtaining yearly counts of the roadways in a

large area. 
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