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. This thesis anaiyses the atcuracy and cost-efféctiveness”

»

% of shorf:lperipd manual traffic .counts. Alberta's primary high-

- S . N
way system is sinvestiqated for the purpose of this study. .The \

most important ifea,ture-' of sthe ahalysis is the?.t ‘it takes into

account the nature of the.road sites surveyed -~ The rbads in the
system under investigation are c?la~ssified ihto four type;c:: e

(E;) qo}nmuter sites:; (b) _no.n-rec.reational\ low volume sites;
(c) rural long,distance sitésl;J and (d) recreational sites. .

.

o, The accuracy of short-peridd counts is expressed in terms

of%a deviation either side of_u the estimated volumé,”which.defines

s . , o 0- . . , ¢

.

"limits of the interval in which the actual volume is most likely
to be. . In Fhe tests of this study,.a relative measure ‘of devia-
tior;, namely the coefficie}xt of variation, is used’'in order to

compare the variation in s;everal sets of data for the. counts of
different duraticdhs and schedules. . .

»

The analysis carried out in this thésis" illustrates clearly

that the most important considerations for rationalization of short- .

.\beriod manual counts are: (a) the type of road site being surveyed;

A -
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and (b)

v
*

traffic velumes.

7

-

i

the hour-torhour traffic‘variations withiml the same day.

-

4

'

to devise the most efficient way of short-period'cou‘nté‘,.
-, - )

« The month of year, the day of week, and the duration of counts

¢ ‘ b3

- R . . . . :
are other.sa.gnlflcant factérs which must be considered in order

'8

The ‘findings of this research provide a/ge/t_t'er under-

s‘eanding of the factors that affect the accuracy of estimating

. »

"It is hoped. that w1th this better understand— .

g .

. 1ng, agenc1es w;Lll be able to de51gn and schedule more cost

¢

,;q' effective short-period traffic couriting programs w1thout any,

analys%s._

»

-

‘have available to them the-same type.'of data esu-ueecf in-this

%

M ¥

loss in accuracy, since many ‘other. provincial highway-agencies
. X "
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Several trafficLgouptino-programs are undertaken by

-

e

! roadway'agencies to obtaih values of average aﬁhualrdaify
traffic (AADT) and othe; traffiec data for their road n€tworks.

‘ a / The most commonly used programs are: (@) continuous counting
Y " '

by permanent trafflc counters (ETCs), ‘{b) seasonal counting
,by portable counters, where’counts are taken few times a year

0 for periods from 48 'hours Lo‘z weeks:in length; 4dnd (c) short.
. ‘ . b .
‘- period counting, where manual traffic counts are undertaken for
. - . ) * il ) ) .
less than a-.day. . The PTCévprovide,aotual temporal distribution

‘
s

‘of'traffig movement and the true valyes o% AADT. The seasonal
- - M . . . . ' 13
and short-period counts furnish only sample information and,

o ) - o -

therefore, neéd appropriate factoring to yield the estimates of

1
0

AADT values.
In addition to the estimdtes of AADT, the shofr—period
, ] . i
counting programs provide such important data as vehicle classi-

» f"J . o . n R
e fidatioA and turnlng movements, which are frequently,requ1red.

- ¢

e ~.for planning and de51gn of roads for both safety #nd economy
P ) . Y o
: e purpcses. The proposed study is. concérned with the short-perlod
A , -
v © manual countlng programs. :

° . ] . ' . . N

P

* o ., All the pravincial transportation-agencies in Canada

r . o
.

»uhdertake short period trafflc counting programs on .an annual,
ap
basis.. Mest of such trafflc countlng is carrred out by employlng

. -
' o M . 4
R

- v, ' . - {
» - . -
N .
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students during Spring and Summer seasons, including -the .months

of May, Jympe, July and August The number of students hired
S 4

‘

for thlS purpose varies from prov1nce to province and is gen-''

erally in the range of lO to 20 students.for the entire period. -

Although it is true that the. short-périod manual cocunt-
ing is,undertaken for a Qériod of less than a day, there-is a

considerable difference i the actual durations and schedules

’

adopted by the dlfferent prov1nceq. For example-’ (1) Le
——d

Mlnlstére des Tranuportsﬁln Quebec ganerally carrles out l2-hour
(07:00hf19:00h) "and 8-hour (O7-00h~ll'00h and lg:OOh—l9:OOh)
I

. schedules; (11) Alberta\Transportatlon uses 12-hour (07:00h-

19:00h) and 9- hour (08 : 00hr]7 OOh) schedules; and (iii) Ontarlo S

™~

. Mih%stry of Transportation and Communications (MTC) employs 8-hour .

(07:00h-11:00h and 14:00h-18:00h)  schedules. .

. B

There are two important aépects which should be considered
in relation to the short—period manudl c;unting programs. .One is
that the quallty of data used in transport&t‘en studies is a
cruc1al factor affecting the rellabillty of the resu]ts. The . -
otheér is that because collect;ng data is expensive, especia]ly
when’ considerable overtime wages are involved iﬁ 9—h&ur or lZ—hod} ¢
counting, the method of'collectidn should be as cost-effectiva as

s

possible.

“

S b.G B
During these .times of budgétary constraints, some author-
, [N . 1 R .

,

ities feel that the imgrébemént‘in aécuracy, in extending a

traffic count at a spot location beyong six hours, may be small.

- e -
-
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- ’

But very little scientific work has been done, towards any.

systematic comparison between the 12-hour traffic surveys

and the shorter .surveys in the context of the provincial or

’ ~
/ ’

rural roads &n canada. The maip objectives, of tpis study are:
) . i (e 7

(a) to analyse the accuracy and\gqst-effectiveness of the

\ .

.

°

existing programs, such as 127hodr, 9-hour and 8-hour counts

as compared to shorter manual tra£¥¢c counts; (b) to study

the influence of road type and traffic volume on the accuracy

- k . ' D .
offdifferent short-period.surveys; and (c) to specify appro-
priate schedules of the shorter-counté if they are reasonable
in terms of the accuracy of the results.

”

i

~

o

-

e

Nt .
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STUDY BACKGROUND AND APPROACH

9

Estimation’of AADT from Short-Period Counts

2 -

sy

The usual method of estimating AADT from sample.counts
is.that advocated by the U.S. Bureau of Public Roads in its
Guidé for Traffic Voiume Counting Manual (BPR, 1965). In.
general, the BPR methéd involves: (@) q%oupigg together theu
PTC sites into simiiar patterns of montzgy traffic vafigtion;
(b) determining average expansion factors for each group;

(¢) assigning ro&d sections thdt do not hdve PTCs to-one of |

these groups; and (d) \applying the appfopriate average expan-

sion factor to sample counts to produce an estimate of AADT.

A commonly used ‘form of mathematical rélationship‘fo;

est&pating AADT from sample counts of less than 24 hours;.'s
in which the count is expanded first Eo 24-hour volume using
én ﬁourly expansion fact;; (H), second to averagz daily ygldme
by using a daily;expansion factor (D), and, third, to the |

annual flow using a seasonal expansion factor (S). This

formula mdy be expressed as: g .

{

short-period volume count x H x D x S

(1) Egtimated AADT



. ' . - . .
As indicated earlier,; the values of average expansion

'

'factors for different groups of roads are computced from the

PTC data. These factors arc defined as:

’
- .

(2) Hd rly factor = | Averaye volume for 24-hour period |
.- u ¥H)ac or = Averégc volume for particular duration of the count
R . _ Average total volume for week/7 p
(3) Dally(;?ctor " Average volume for part%gular day
r
(4) Seasonal factor = Total yearly volume/12
(s) Total volume for particular month

These expansion factors are normally pPlotted or tabu-

lated as' shown in Table\iv - ’

>~

o,

.

G e o T b
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. : Table 1 B .

Typical -llourly, Daily, and Seasonal TFactors for
Obtaindng the Annual Average Daily Traffic (AADT)

»

« I

HOURLY VAR/AT/ON OF TRAFFIC VO!UME ON A STATE HIGHWAY SYSfEM

e e — e —— e e e e e A

Per Cent of Total - PQS Cent of total
Hour 24 l-(otll Volume Hour 24-Hour Volume
600~ 7.00 A M. 253 “6:00- 7 00 P M ’ 612 .
7.00- 8 00 A M. " 369 7.00- 8.00 P.M. 572
8 00- 9.00 A.M. . - 442 . 8:00-9 00PM 4.74 "
9 00-10:00 A M. " 534, 9-00-10 00 P.M. 3.85
10 00-T1: 00 A.M. , 5.73 . 10:00-11 00 P.M 318
00-12. 00 A.M, 5.42 11.00-12 00 Midnight 2.61
\ 12.00- 1-00 P M., 5.34 12.00-'t 00 A M. 1.84 .
1’-00- 2:00 P.M 6.18 £ 1.00- 2°00 AM. 132 -
2" 00-.3-00P M 656 2:00- 3.00 A M. 090
" 3:00- 4.00 P.M. - 688 3:00-4°00AM 0./6
4.00- 5 00 P.M. mmn 4-00- 5 00 AM. 076
500~ 6 00 P.M. ' 7.30 5 00- 6 00 AM. 1.05

. g ¥ 7
© Example An 8-hour count (7.00-11-00AM and 2 00-6.00 P M) constitutes 47 6 per cent (factor 2 09) of total 24 hour
volume. Average 24-hour count = B-hour count (7 00-11:00 AM and 2.00-6-00 pm) x 209, ‘ °

4 .
s

DAILY VARIATION ‘OF TRAFFIC VO[UME O’\) A STAIE H/GHWAY SYSIEM

B Per Cent of Tolul /’cl Ccnl of ) Weckly
Day Weekly Volume ' Average Day Factor

Sunday s b0 126.73 0789
Monday 1332 . 93.25 ’ 1.072
Tuesday 1275 89.14 - 1124
\Wednesday 12.89 8022 - 1.108
Thursday + 13.00 91 04 , 1 096

Friday 14,06 i 98.44 . 1015
Satutday 1588 1.as ' L 0.£99

Example To convert a Tuesday count to average day for week, multiply by 1121,
)

: . \ SEASONAL VARIATION BY MONIHS . .
., PerCentof . Per Cenl of
Month Average Month Monthly Factor © Month Average Month "Mpn{h/y Factor
January 82.24 1215 . July 109.51 0913
February 8394 , 1191 August R 11338 = 0.882
March 90.89 ’ 1.100 September 113.10 0884
April 10078 0992 Octuber "107.46 0.931
May 105.29 0949 November  » 97.38 1.026
June 108,89 0918 December 87.13 1.114

(Source * Trallic Engineering Handbook, 31d ed , ITE, 1965)
Example To convert a ‘9o/unt in May to average month, for year, multiply by 0 949 {
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\
R . «

. N - ‘\—Mb\-:
s ) In this thesis, a slight variatién from the commonly
used equation (1) for estimating AADT from shorﬁ—pefiod counts
will be applied. First, the sample counts of shorter duration\
than 24 hours,. taken on a particular day in a given mgpth, is
' expanded to an average 24-hour daily volume using a weekly

| expansion factor (WF) for a given month, and then to the annual

average flow using a:-monthly expansion factor (MF) for a given

-

year. This relationship may be eixpressed as:
. ‘ N L]
(5) Estimated AADT = Short-pe?iod volume count x WF x MF .
a ‘ - -
. ‘ <5
where . . . &

Average 24—hohr voluﬁé for a given day and month
Average short-period count for a gjven day and month

" Weekly Factor =
T (WF)

»
a

¥ \ :
Annual average daily traffic volume (AADT)
Average 24-hour volume for a given day and month *

. (7) Monthly Factor =
’ ' , (MF)

N . v . Y

© 4

- ' Tables 2 and 3 give an example of the weekly and monthly

!
expansion factors from a permanent t;affic counter .at site C09

(commuter). | - }

R N Y N TP
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Table 2
%

B

.
[

' . ® .,‘ .
Weekly Factor for a 12HR- (7-19) VYolume Count at Site €09

. (Commiiter) On_a Wednesday in May for 1978, 1979.and 1980

YEAR
11978

1978
-1978

1978
1978

1979
1979
1979
1979
1979
1980
1980
1980
1980

N

.

4
)

DATE 12HR-VOL. 24HR-VOL.
3 7058 8985
10 6862 9066
17 6824 8811
24 6899 8784
31. 6682 \\\ . 8491
2 7122 8992
g 7484 . 9423
16 7207 -9203
23 . 7032 9174
30 7410 9394
7 7624 9806
14 7851 10150
21 7809 10042
28. 8012 10244

AVERAGE: 7277

'\ 12HR Weekly Factor

/

= AV.24HR-VOL =

9326.

Lt

9326 = 1.282

" AV.12HR-VOL

7277




&

Manthly Factor for a Volume Count

at Site C09 (Commuter) in May for the Year 1978 ~

«DAY OF WEEK,

Sunday’ 6725

Mondgy ‘ ) 8318
- Tuesday . ‘ 85%4
Wednesday ' 8868
_ Thursday - 9441
Friday B 10158
Séturdéy. 8?20
\
, ,
; - )

AVERAGE,
.24HR-VOLUME

-

AADT
" 8296
8296

8296

8296

- 8296
8296

8296

Ll

MONTHLY
FACTOR

ap

1.234

0.997

0.968

0.935

0.879

+0.817

1.009
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Errors of AADT: Estimates ’ ‘

7

g . ' . ' . . .
There are four sources of error- in estimating AADT at
a point using Equation 1: .

3
v

1. The hourly factor'at a~couhting site’ generally

will not be exactly equal to the group mean;

2:\\Ehe\§aily factor at the counting site will o

' differ from the average dajly factor for the

group;

-

3. the seaéopal factor at the .site will not be

.

ex?ctly th€ same ds the mean group seasonal
. ’ N =
factor; and

4. the road section on which a count is taken may
have been assigned to a wrong PTC or road group.

This error is assumed to be negligible (Bodle, 1966).

. 7'

»

"The mdgnitudes of error due to the hourly factor is

generally expected to be a fanction of the duration and

schedule of a particgular short survey. However, any variation’

in the duration and schedule of a short-period count will not

affect the errors due to the daily factor and the seasonal

.\

factor.

.

In the past, there have beén studies to determine the
effect 'of the duration of sample counts on the accuracy of

resulting AADT estimates. The results of one such study con-

cerning the so-called "coverage counts" (or seasonal traffic

¥
»
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X . ' 4 :
counts) were published by Petroff and Blensly (1954). Commenting
on Pigure 1, which is adopted from™the U.S. study, the authors

* '

state:, " .
e
\ "The observatidn of‘ﬁhe daté presented in Figure 'l
. ‘ which is of utmost practidai éignificance isﬂihaf ‘ N o~
- traffic counts of 24-hour duration on weekdays have a
coefficient of variation of 10 percent or fesé when
cémpared.with fhe méan volume for a weékday in a given
month of stations having the mean volume of about 500
vehicles per day or more. This applies usually. to all
.months except the winter months igléome éLates.....
Counts of‘48—hour duration improve the-accturacy b? 20
to 25 percent, thus raising the confidéncé limit from
68 percent to about 75 percent for one standard deviation
of 10 percent, also ?xtegdiég the range of volumes down

.

to about 300 vehicles per day.

This translated into everyday language means that two-
thirds to three:fdﬁrths, depending on the length of the
count’,- of all coverage or blanket counts ﬁay be expected

to have an errom of about 10 percent or less when compared

3

with the true mean weekday volume of the month during
 which they were taken when volumes are 300 to 500 vehicles

per day or more." : ' ™~

The above observations are for sample counts of one day
. » . .
) or longer duration in rural areas.. Very .limited amount of work
A . ’
has beeh reported in literature concérning the errors of shorter

duration counts.

-t

b oo b m e e

e
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A study conducted by local Government Opérationall
ﬁesearch Unit (1978) for the Department of Transpért in
Britain showed that aleéasongbly accurate estimate" of AépT
can usually be based on a single 16-hour count. Anoifier.
British study (Phillipgs, 1980) on short-period counting
reported that:

"A six-hour count in the afternoén‘(;BOOh—l900h

or 1400h~2000h) on a weekday in late spring or early

autumn will provide a reasonable estimate of the

annual flow....

ff a more accurate estimate‘of annual flow is
required it would be better to fepeat the six—hour.
count later in the same month rather than increase
the length of counting to 16 hours. The expected
accuracy from two six-hour counts is similar to
that from a single l6é-hour count, even though four
hours less counting is undertaken."
The principal focus of this thesis is to analyse the
errors associated with the exi;ting manual counting programs
as useé i; Alberta, Ontario and Quebec, and to investigate
the potential increases in the errors if shorter couﬁts
(e.g. 6-hour and 4-hour programs) are adopted. by the provincial

authérities.

13
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Statyéiical Accuracy of Short-Period Counts

The accuracy of short-period counts can be expressed

in terms of a deviation either side of the estimated 24-hour

volume, which defines
actual 24-hour volume
of this study, it was

deviation in order to

of data for counts of

of variation was used

[

'limits of the interval in which the

)

is most likely to lie. 1In the tests
necessary to use a relative measure of
compare the variation in several sets y

different durat%ons. The coefficient

for this purpose. For a particulér short-

period count at-a given roadway'site, the coefficient of varia-

~

tion (CV) was defined a;;:l
n
— 2
‘/‘L Z (Xl = X) .
. (8) cv = n-1 izl_—‘ - standard_deviation
X X ’
where -
Xi = 1ith volume count (percent) at the site of a given schedule,
- .
n = total number of volume counts (percent) taken at the site, and
D » . . B
X = the average value of the n volume counts (percent).

v -

) \

lVolume counts (percent) is defined as ' A

J short period-count _ ;44 ' .

- daily. volume

-

e

s
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C . :
o - . The coefficiént of variation CV, as defined 'in ~ °
’ .
© Equation 8, 'is the standard deviation expressed as a fraction
¢ ‘ R ' N « R
° (or pércentage) of the mean value X. A low valué of CV, which
is "associated with’ less dispersion of individual volume date
“ PRy .ot
i s -, .k » » .
. about their mean, reflects a High accuracy in estimating the
- - acthal traffic volumes. Table 4 gives an example of the co-
X\ efficient of variation CV for site C09 (commuter).
] " ’ ) ‘“" N
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0. - ‘*
- ' ‘%
C P : ) 16
: \ - ‘ "
¢ , Table 4
. » . v. . )
Coefficient of vVariation CV of Volume Count (Percent) | e,
on a Wednesday in May for 1978, 1979 and 1980 v, .
= .Commuter. Site - C09 ‘ - :
f Vi .
N - |
' " omR 12HR .
9HR , L2HR 24HR Vol :Count Vol.Coupt .
VOL. VOL. VOL. (Percent) (Percent) \ .
DATE (8-17h) (7-1%h) (0-24h) , (9HR/24HR) (12HR/24HR) ° : M
/ , Lo ) - )
3 5210 7058 8985 58.0 8.6 '
19, 4978 %862 9066 . 54.9 75.7 , 3
17 5014 6824 8811 56.9 77.4
, 24 5143 £ 6899 8784 58.5 8.5, -~ -
3L 4996 6682 8491 , ©58.8 T78.7
2 5223 | 7122 8992 58.0 7 79.2
9 5534 © 7484 9423 58.7 79.4"
16 ' 5248 7207 9203 57.0 - 78.3
23 5081 7032 9174 55.3 76.7
30 5337 7410 9394 56.5 ' 78.9
7 5543 7624 9806 56,5 77.7
14 5836 7851 10150 57.5 77.3 '
- 21 5692 7809 10042 56.7 77.8 .
28 5868 8012 10244, ' 57.3 78.2 .
o AVERAGE : 57.2 78.0 '
N . .
i . STD: ‘1.2 . 1.0 )
v Ccv: 0.021 0.013
B ° ~ .' t
i<} 4 t
e . :
. N
- . \
» ]
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t L
.

(9)
where ET
I " &
; : ' A AADT.
Lo - AADT
(10)

i

'where R.M.S(ETY

i

. .

site CO9 (commuter)..

The two error terms that were important from the point

- of view of thisﬁstudy were defined as following:

~

i

"Table Sigives an example of these two

17

- AN

AY / \

(RBADT - AADT) .. ‘ P :
AADT x 100 . .

- . [ ° s !
total percent erYor in the estimated value of .
annual average daily traffic from a specific
week day in a given month;

(a) ET =

the esﬁimated value of. the flow; and

[y

actual value: of the flow; and

Cg

(b) R.M.S.(ET)

[ .
-

the root mean sguare of a set éf ET from.
' a specific week day. in a-given month -

ET. ='jth total pergent error at the site of a
. given schedule .
{ C ’ ; )
total number of possible ET taken. at the
site of a given month

n

error terms for ;

. §e . Lo
. "l:
. ‘e
s . ll‘
:

~

¢
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. ’ . Table. 5
n £

v

'
’

¢ 2

T) at Site CO9 (Commuter) on ‘a Wednesday in Ma‘y\
19h) Counting Schedule in 1978, 1379 and 1980

ET and R.M.S. [E
for a 12HR (7-

3

12HR WEEKLY | MONTHLY ESTIMATED , .ACTUAL

YEAR DATE VOL. FACTOR FACTOR AADT ) AADT ET
' >
1978 3 7058 1.282 0.935 8460 8296 2.0
1978 10 6862, - 1.282 0,935 ©o8225 8296 0,8
1978 - 17 6824 1.282 0.935 8180 8296 1.4
1978 24 6899 _  1.282 0.935 . 8270 - 8296 0.3
1978 31 6682 1.282 0.935 ° 8010 ;8296 3.4
1979 20 722 1.282 0.950 8674 8809 1.5
1979 9 7484 1.282 -+ 0.950° " 9115 8809 3.5
1979 le 7207 ' 1.282 0.950 - 8778 8809 0.3
1979 23 7032 1.282 0.950 - 8567 8809 .2.8
1979 30 © 7410 1.282 0.950 - 9025 . 8809. 2.5
1980 7+ 7624 1.282 0.926 9051 9319 -2.9
1980 14 7851 1.282 0.926 9320 - 9319 0.0
1980 . 21 7809 © , 1.282 0.926 9271 9319 0.5
1980 28 8012 1.282 ‘0.926 © 9512 9319 2.1
. \‘ N .
: - , R.M,S. (ET) 2.1
. -
. | }
! 4

N



Study Data,  * . "
\ /. -

Since the PTCs, when ¢grouped, are considered to,repré-

v

R I

sent the population of the group, their statistical measures

of variation (such as standard deviation and coefficient of

¢ a

ot s

variation) are also the measurcs of the errors at the short-

period counting sites - the latter being also samples taken

out of the same popul%tion. ‘ S ‘ y

v
v

e 7

For the purpose of this study, Alberta's PTC data were

analysed. The PTC information for the years 1978, 1979 and
1980 were iﬁcluded'in the study. Considering the reliability
- o ¥ ' ,

. of the available Alberta's.PTC data for those years, a total of

e st BT DAy o3

41 PTCs were selected to be.used in this investigation.

A SRR - R

Because the short-period manual fraffic'counting in
Alberta and otherebrovinces is carried out mainly in the Spring
and Summer seasons, only ﬁhe months ~of Méy, June, July, and . 5

August were chosen for the analysis. ' Computations for the co-

 efficient of variation were carried out by each day of the week

-

Ziott emn Py -

' for'diffe;ent counting schedules. The holidays, such as Victoria

-

- Day and Canada Day, were.eliminated from the analysis. A number

s
MRl

of certaih other days, that'displayed very unusual -volume and

t

pattern of traffic (such as due to reconstruction of a facility),

N .

were also excluded from the study. Otherwise, it was assumed

ERGAT T B n b 1S, s o
.

that the hourly traffic variations at study sites did not change

’

significantly from 1978 to 1980. ‘
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Classification of Road Sites

] Ly

1

One of the most important causes of variability in the

traffic flows and the errors/of AADT estimatcs is the nature

-

of the road sites surveyed.| Actually, it is believed that the
difference between sites can be so large as to overwhelm other
causes of variability in prédictions. On the basis of two recent

studies2 {Sharma and Werner, 1981; \Sharma,'l981) on Alberta

!

highways, the sfudy sites were classified.into .four broad types

according to their temporal variations in traffic flows afd other

?

d ~ . 0 ) . N . .
such characteristics as trip purpose and trip-length distribution.
These types are:

\ ‘.
1. Commuter sites, e.g., the PTC site of C09 located

.

on Highway 3 East of Lethbridge;:

-

2. non-recreational low volume (rural) .sites, e.g.,

s

the PTC site (147 located on Highway 35 North' of

Grimshaw; . ¢

v
- 3. rural lpng distance sites, e.g., the PTC site of
€18 located on Trans-Canada Highway West of

. ¥ 3
Medicine Hat; and
4. recreational sites, e.g., the PTC site of Cll1l4
located on Yellowhead Highway East of Jasper

. National Park.

. [,
2Appendix A gives the computer program for the recent

study by Sharma and Werner on an improved method of

grouping provincewide permanent traffic counters,

using a clustering technique called hierarchical .
grouping. v A ' ’ \




Trip purpose information. for the typical examples -
of these classes, i.e., sites C09, Cl147,. C18 and C11l4 ate

summarized in Table 6. Seasonal variation in traffic flows

‘at these typ4dcal sites is portrayéd 1n Figure 2.
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s

.Table &. Seasonal traffic variation and cstimated trip-purpose
characteristics of some typical road sites.in Alberta.

»

’r 2
. s . . Trip-Purpose, %
. " (Summer Weeckdays)
Road Sites Road Class i o '
] Social -~ b Work-
, . Recroati’ona"l' Business
co9 Cormuter . 17 ) 83
Cl47 . Non-recreational | - 22 78.
low volume
s C18 Rural 63 ) 37
long distance .
‘c114 Recreational ‘ 75 ' 25
g e
. : ) ¢ ’
o N ~ \
' ~




RATIO OF MONTHLY AVERAGE TO ANNUAL AVERAGE

2.007 . Site C09
——me. Site Cl47
. — — - —-Site Cl8
1.75-¢+ T —Q—Site Cl14
/"/ N
/’/> - § ‘
~ -
1.50+ 2. , \\
/ ™
\
/ \
I, '
1.25+ : \ '
. / \ .
' y / . / N
/. = u
» .\
/ ANy
1.00+ //\ Y
. ‘ \
/ ~ \\_
/ : O
' I~~~ N \l
/ / . \
0.75+F y : '
Y/
-~ .
0,.50-F , . y
1 L | S 1 1 1 A 1 1 1
JAN FEB MAR APR MAY JUN'  JUL AUG  SEP OCT NOV  DEC

MONTHS

FIGURE 2 -.Seasonal variation in traf fic flows
' at some typical road sites in Alberta,

o
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Selection of Study Schedules

Other ixﬁportant considerations in (anuaf traffic sur-
veys are the duratién and schedule of countiny. For a gartic-
ular daS/, the best short-period will be that which: (a) has
the most stable relationship with the annual flow; ax;d

(b) contains the most representative and important levels .,

.

¥

(e.g., evening peak) of traffic that. occur in the course of the

~

day.

Y

Sample schedules in this study were selected mainly

fr%m the considerations of: (a) the current practice in Canada;

and (b) the variability in, the volumes of different duration’
counts in the day. According to (a) , three schedules were

chosen. These are: ’ \ . . ’ v

~ (1) 12-h(07:00h-19:00h)
T (2) 9-h(08:00h-17 = 00h)

(3) 8~h(07:00h-11:00h and 14:00h-18:00h)

] 1
The coefficients of wvariation for continuous counts

o -

of 8~hour and shortexr duration were investigated for all

3

classes of roads,” such as shown in Figure 3 for the rural

long distance road site of C18. It became apparent that,

I3

3Appendix C gives the stability of weekday. volume
counts for the months of May, June, July, August .
in 1978, 1979 and 1980; sites C09, Cl47, C18 and

.Cll4. .

Appendix D gives the stability of daily volume counts
for the months of May and July in 1978, 1979.and 1980;
sites C09 and C18. ,
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for £he best results, shortéer manual counts wbuld have to bé
cq/rried 01;t with their mid-points at lS:Odh or l'iS;OOh in the
afternoon. \H\owever, for the purpose of detailed_ discussion
and 'c_omparisor; some o,the;:.schedules were also selected in
this s'tildy. Assuming that all manual counté would be conducted

*

between 07:00h and 19:00h, the following schedules were cﬁosen
' e

F

in addition to the eiisﬁing three schedules:

(1) 6~h(a.m.) ((')7:5).()h—l3ﬁ00h)./; '
(2) 6-h(p.m.) (13:00h:19:00h)
(3) 4-h{a.n.) (07:00h-11:00h)
(4) 4-hip.m.) '(14:00}1»18:001'1')

(5) 2-h(p.m.) (16:00h-18:00h)

4
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COEFFICIENT OF VARIATION OF VOLUME COUNTS ‘(PE_RCENT)k

12 <.

10 +

7 8 9 10 1 112, 1

MID-POINT OF COUNT (HOUR)

b

17

o

18

FIGURE 3~Stabi1ity of weekday volume counts (Percent). Data:

the month of-‘May in 1978, 1979 and 1980;

rural long distance site

-

- Cl18.
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Chapter 3 ) \

RESULTS AND DISCUSSION

'
~

Tables 7 to 10 in Appendix B contain the computed
values of coefficients of variation (CV) of volume count

- Y -
(Percent) at the typical road sites for the selected sched-

ules of short-period counting. The tabulations are made

-

1
for each day of the week for the months of May, June, July

and August. Figures 4 to 7 are drawn using the data from

Tables 7 to 10, respectively, but for the sake of simplicity
- Q M

of presentation and discussion theyvalues of CV are averaged
for/the weekdays and the results for May and Julyﬁgre plptted
in these"fi?ures. 'Please note that the results, for the months
of June and August are omitted  because of their closé simi- \

larity to the results of May and July, respectively.

It

Examination of Figures 4 to 7 reveals several important

-

facts which are common to each type of road site. One observa-

tion is that the coefficient of variation for a 12-h schedule is

)
.

smaller than other schedules. Therefofe, the 12-h schedule can

be expected to provide most accurate estimates of traffic

[}

statistics.4 Another striking observation from these figures

LR}

|

1

4Appendix E contains the plotted values of R.M.S. (ET)
for 'the estimated values of AADT at the typical road
sites (C9, Cl47, C1l8, Cl1l4) for the months of May to
August for the years 1978, 1979 and '1980.

i
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t Alberta's 9-h short-period schedule produces higher

values of CV as compared to the 6-h(b.m.) schedule in a great .

majority of cases. Actually, the results, such as shown in
these figures, 4ndicate that many times even the 4-h(p.m.). .

schedule can provide as good an estimate of volume as does

o

L3

)

the 9-h schedule. It may also be noted from the values of

CV that the 8~h schedule yields better results than the 9-h

schedule. The résults for the 8-h' schedule are, generally

similar to that of the 6-h(p.m.). schedule. ' S

H

-

Ix
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Figures 4 to 7 also indicate clearly that the morning
(] N -

-chours are not'verysappfopriate for short-period counting.\ For

example, the values of CV for the 6-h(a.m.) and 4-h(a.m.) are

considerably higher than the values for 6-h(p.m.) and‘4—h(p.m.),

respectively. In fact, it should be noted that a short—periéd o

count .of two to four hours in the late afternoon will provide:-

’

the same accuracy ‘of data as a 6-hour count in the morning.

-

A

¢ Prior to examining the effect of road sites on the
accuracy of short-period counts, let us consider the influence
'of traffic volume (or .AADT) on the exbeqted\vaiue of Cv.
Figure 8 presents_Fhe,average‘va%pes of CV as a ijCtion gf
AADT. Smooth hand—fitted’cﬁrves in‘tﬁe fiqure are drawh from
fhe scattef of CV statistics for all 41 study sites for the 3
weeckdays of May to Auguét period. The X-axis in the figure is

the average AADT for 1978, 1979 and 1980 - the years for which

PTC data is analysed in this investigation.

4

- These curves clearly indicate that the errors in estim-
: . A

ated volumes are expected to be less for the road éarrying

large volumes of traffic. :  However it can also be noticed that,
beyond<é certain critical range of AAD?, the errors are not
likgly to deéfease‘éighif%cantly with fur%her increase in
’traffic volume. For example, this critical range of AADT from
Figure 8 is: .(a)'2,000 for the 12-h schedule; (b) 3,000 for
hg 6-h(p.m.) scﬂeéﬁle;' (c) 3,500 fof the 44h(pﬂm.) schedule;

and (d) 4,000 for the 2-h(p.m.) schedule.

-
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‘

There’is one important factor in-‘relation to the effect
of road sites on the accuracy of‘founts. I£ is that, in general,
different classes of road s%tgs carry different amount of traffio
volume. For example, comﬁuter qites located near large popula-
tion centres are likely to cérry much heavier traffic volumes
as éompared to ‘other road sites which, by their nature, serve
‘primérily such specific purposes aé "long disﬁance\ farm-to-

market, or highly recreational trips. The average AADT values

for the four typical road sites of this analysis are:

-

(1) 8,800 for CO09

commuter site; #

(2) . 1,180 for C147

!

noh-recreational low volume site;

(3) 3,500 for (18 rural long distance site; - and

recreational site.

Y

(4) 2,055 for Cll4

}

The effect of road types on estimated errors of coﬁnting
can be deduced by referring back to Figures 4 to 7. It is evident
that the values of CV or the errors of estimation are functions bf
the location of short-period codnt. As generally expected, the
lowest errors are observed in the case of csmmuter site C09 aﬁd
the highest in the case of recreational site C114. The values of
CV in those figures also suggest that ;he 2-h(p.m.) schedule a£.a
commuter site, or the 4;h(p.m.) schedulé at a rural long distaﬁpe
site, or the 6-h(p.m.) schedule at a non-recreational low volume

site, are all likely to produce the same accuracy as would the

12-h(p.m.) schedule at a recreational site.
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i

Even though the volume of traffic, particulariy when AADT ‘
is les's than 2,000,‘may have some effect on the accuracy of éounﬁs
(Figure 8), it is believed that the différence in the -accuracy of
counts at various sites is qu primérily to the trip—purpose
‘ characteristics (as shown in Table 1). The work-business trips
are considered to be less variable from day to day 'as compa;cd to
the'sécialfrecreational trips. A qood example‘in this respect is
to compare the results for C147 ldw~volume fural site, and‘Cll4
rpcrcational site. Evenlthgggh/sitétcl47 has a lower value of
AADT, its results are more 8ccurate as compared to Cll4. This
difference can'be agtribﬁted to'thetrip—purposecﬁmracteristics.

The social-recreational components of trip purpose for (€147 and

C114 during the Summer wecekdays are 22% and 75%, respectively!

A formal analysis of variance pertaining to the effects

v

of days, months, and their possible interactions with different

road types was not carried out in this study. However, the study

results such as included in Tables 7 to 10 and Figures 4 to 7 seem

to indicaté that?’ (a) there'is"ﬁé effecF of Weekdays on the
accuracy of counté; éna {b) the months have some interaction

with the nature of the sites surveyed. It'ig apparent that site
C1l8 (rural 1long distance)-and site C}l4 (recreational) are expected
to produce most accurate estimatés during the months of Juiy {and
August) when the tﬁuristfkecreatiOnal travel is at peak levels in
Alberta. In contrast, the other two sites seem to provide better

results during May (and June) when the work-business trips are

still at their normal levels.
?

t @



Chapter 4
CONCLUSTONS TO RECOMMENDATIONS

The analysis carried out in this paper i(lustrates
clearly that the most important considerationg for fat;ondli~
zation of short-periocd manual counts are: “(a) type of ro%d
site being surveyed; and (b}  the hour-to-hour traffic
variations within the‘same day. The month of Qear, the day of
wéek, and the duratiqn of c&ﬁnts are other significant factors
which must be considered in order to design the most éfficignt
scheaules of short-period counts. The following s;ecific con:

clusions are drawn from this investigation of 41 PTC sites in

the province of Alberta:

Y

1. For the counts of ei@ht hours or less on weekdays, a
period with mid-boint at 15:00h or 16:00h is expected
to provide thé most accurate volume estimates for each
class of road. An additional advantage of including
this period is that peak-hour turning ﬁovements and
vehicle classification can still be observed because
such counting period generally includes the evening

peak of traffic Volume. .

B

[N

2. 'The accﬁracy of short-period counts is a function of
the nature of road sites surveyed. The highest
/. ‘ '
accuracy 1is expected for .commuter sites and the lowest

in the case of highly recreational sites.. In_fact, the

-*
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.

.values of cocfficient of variation, computed for the
study sites of this invesgigqtion; indicate that the
2—h(p\m.) schedule ap,a‘co%muterﬁgite or the 4-h(p.m.)
schedule at a rural lQﬁg.distance site or the 6~h(b.m.)

'scheduie at a non—recreational low volume site, are éil

likely to produce the samé‘accufacy as would the

12-h(p.m.) schedule at a recreational site. .

3. There seems to be some interaction between the type of

road surveyed and the mohith of counting. For example,
' - . s
recreationial roads prodice more reliable traffic

4

estimates in the months of July and August when the
\ 7
tourist-recreational travel is at peak levels.' In’"

contrast, ¢ommuter sites provide better information

during May and June.

4. ‘The 9-h schedule; as currently used'in Alberta, produces
less accurate volume estimates as compared to the 6-h(p.m.)"
schedule in a great majority of cases. Actuéily, the

' results indicgte that, many times, even the  4-h(p.m.)
schedulec can prdvide as good estimates of volume as does
Q}he 9-h échedule. The accuracy of 8-h scheaule, as used

in Ontario, is generally similar to the 6-h(p.m.) schedule.

-

5. The traditional 12-h surveys yield the most accurate

estimates of 24-h volume. The differences in the

accuracy of 12-h schedule and carefully selected 6-h(p.m.)




JN—

(

schedule are: (i) 0 to 1 percent at commuter and long
distance rural sites; and (ii) 1 to 2 percent for non-
recreational low volume sitef and recrcational sites.
Howéver, since the overtime, wage rules in Canaéa
increase the personnel cost of 12-h count to neérly R
three times that of a shorter six-hour count, the -
traditional 12-h survéys are less cpst—effecﬁfve than
the 6-h(p.m.) surveys. Actually, in maﬁy céges,‘even

the 4-h(p.m.) schedules could be considered reaspnably

accurate and cost-effective.

Another conclusion of this study is the efféct of AAPT
on the accuracy of short-period counts. In general,
the errors in volume are expected to be less for the
roads carrying large volumes of traffic. Bﬁt, beyond

]
certain critical range of AADT, the errors are not

likely to decrease significantly with further increase

in traffic volume. TFor example, this gritical range of
AADT appears to be: (a) 2,000 for the 12-h survey, ‘J‘
(b) 3,000 for the 6—h(p.mmf survey, and (c) 4,000 for
the 2—h(g;m.) survey. | | ‘

Furthér work is suggested to.investigate the accuracy

and cost-effectiveness of the schedules, involving two short

counts (such as 6-hour, 4-hour and 2-hour surveys) which are

taken during two different months as compared .to a single count

of 12~hour duration. - -




13
’

Even though Al@erta's‘priméry highway system.was inve;—
tigated, it\is reéommendeq"that many other provincial highway

agéncies could benefig from using the findings of. this ﬁ§§earchl
whiéh»provide a;better underétandinq of the factors that affeci

the accuracy of estimating traffic volumes. It is hoped that

el

- with this better understanding agencies will be able to design

and schedul'e more cost effective short-period traffic counting

.programs without any loss in accuracy.

04

4!
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35

40

45

50
55

- v

. ., PROGRAM, HGRQUP "

PROGRAM HGROU@ (INPUT,OUTPUT)
DESCRIPTION OF PARAMETERS AND INPUT DATA.

NV - NUMBER OF VARIABLES (E G., 12 MONTHLY TRAFEJC FACTORS)

NS - NUMBER OF COUNTERS TO BE GRQUPED

KP ~ LEVEL OF GROUPING TO BEGIN GROUP-MEMBERSHIP ,

PRINTING (SUGGESTION, KP = NS-1)
KC - ALPHAMERIC COUNTER-CODE

D - DATA MATRIX CONTAINING NV VARIABLES (IN COLUMNS)
FOR ERCH OF THE NS COUNTERS (IN ROWS)

DIMENSION D(150,150), KC(150), KG(lSO), W(150), LC(150)

READ- 5, NV, NS, KP_

FORMAT (2{5) .

DO 10 I = 1,NS ' o Co
READ 15, YC(I),(D(I J) ,J=I1 NV) -
FORMAT (A4, 3X,12F6.3)

i

CONVERT DATA MATRIX TO INITIAL MATRIX OF ERROR POTENTIAL§

DO 30°I = 1,NS~
DO 20 J = 1,NV
W(J) = D(I,7)
DO 30 J'= I,NS s

.D(I,J) ='0.0 .

DO 25 K = 1,NV

D(I,J) = D{(L,J) + (D(J,K) - W(K))**2
D(I,J) = D(I,J) / 2.0

Do 35 1 = 1,NS

po 35 J = I,NS .
D(J,I) = 0.0

NG = NS . ; ‘

INITIALIZE GROUP-MEMBERSHIP AND GROUP-IN VECTORS.

PO 40 I = 1,NS : -
KG(I) =1 . .

W(1I) =11.0 ° .
LOCATE OPTIMAL COMBINATION
NG = NG - 1

IF (NG .EQ. 1) GO TO 95

X = 10.0**10
DO 55 I = 1,NS
IF (KG(I) .NE. I) GO TO 55

DO 50 J = I,NS

IF (I .EQ. J .OR. KG(J) .NE. J) GO TO 50
DX = D(I,J) D(I,I) - D(J, J)

IF (DX .GE. x) GO TO 50

% : o

X = DX

L =1 , .

M =J :
CONTINUE S

CONTINUE * ¢ ‘

NL = W(L) .
NM = W(M)

PRINT 60, NG, L, NL, M, Nfzrfﬁn

IF MORE THAN 2 GROUPS REMAIN.

-
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—

i . o

3

6,0“. FORMAT (// I4), 25H GROUPS AFTER COMBINING{'G, 13,

65

70

75

80

85
20

95

1

4H (N=, I3,7H) AND G, I3, 4l (N=, I3, 10H). ERROR =, F10.4//)
MODIFY GROUP-MEMBERSHIP AND GROUP-~IN VECTORS, AND ERRPR POTENTIALS.
WS = W(L) + W) i '

X = D(L,M) * WS ' . ot
Y = D(L,L) * W(L) + D(M,M) * Ww(M) Cs .. '
D(L,L) = D(L,M) ’

DO 65 I =1,N3 -° ) ‘ ¢
IF- (KG(I) .EG. M) KG(I)'= ‘
CONTINUE
DO 75 1= 1,NS -
IF (I .EQ. L .OR.. KG(I) .NM§
IF (I .GT. L) GO TO 70
D(I,L) = (D(I,L) * (W(I)

+ X - Y - D(I,I) * W(I)){4
GO TO 75 X
D(L,I) = (D(L,I) * (W(L) + W(I)) +.(D(MyI) + D(I,M))

* (WM + W(I)) + X - Y - D(I I) * W(I)) / (W({I) + WS)
CONTINUE , ,
W(L) = WS v
IF. (NG .GT./KP) ‘GO, O 45

I) GO TO 75
L)) + D(I,M) * (W(I) +W(M)) ,
W(I) + WS) o

© PRINT GROUH MEMBERS OF ALL OBJLCTS, IF OPTIONED.

‘DO 90 I = 1,NS - ‘

IF (KG(I) _NE. I) GO TO.90 . ,

L=20 ‘

DO 80 J = I,NS .

IF (KG(J) .NE. I) GO TO 80 "
L=15L+1

LC(L) = KC(J); !

CONTINUE ° ’

PRINT 85,I,L, (LC(J),J=1,1) .

FORMAT (2H G, ,I3, 4H (N=, I3, 2H) -, 15A7 / (14X, 15A7))

A2

o

_ CONTINUE - ‘ . ’ g
GO TO 45 ‘ ' ’ <o ' ’ ‘
STOP - . . : ‘

END . . , : : ‘ .
N ’ 4
' - g ) - " ‘ b
v "
\ . .
. 1 N - 4 . .

P
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Coefficient of variation of volume counts (Percent)

Table 7.

"

recorded at PTC site €09 (commuter)for the

selected schedules of short period counting

Coefficient of Variation of

wolume counts (Percenl)

(cv), 7%

_Counting

Month
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Sat
4,2

Fri
4.0
5.1

(Percent)
Thu.
3.6
5.9
4,5
6.8
3.3
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3.4

1.
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2.8
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Mon

Coefficient of Variation of volume counts (Pu

Sun
6.5
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5.2

Coefficient 'of variation of volume counts

recorded at PIC site Cl47 (non-recreational
low volume) for the selected schedules of .

short period counting

Counting Schedule
12-h
9-h
8-h
6-h(a.m.
6-h{p.m.)
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\}Ats

recorded at PTC site C18 (rural long distance)
for the selected schedules of short period

r

Coefficient of variation of volume co

Table 9.

counting

Coefficiont of Variation of volume counts

(Percent)
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‘'FIGURE 9 ~ Stability of weekday volume counts (Perc‘:ent). Data: the
month of May in 1978, 1979 and 1980; commuter site - C09.
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FIGURE 10 - Stability of weekday volume counts (Percent). Data: the
month of June in 1978, 1979 and 1980; commuter site - CO09,
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FIGURE 11 - Stability of .weekday volume counts (Peicent) . Data: the
month of July in 1978, 1979 and 1980; commuter site — CO09.
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.COEFFICIENT OF VARIATION OF VOLUME COUNTS (PERCENT)
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FIGURE 13 ~ Stability of ‘weekday volume - counts (Percent) . Data: the
month of May ip 1978, 1979 and 1980; non-recreational low’
volume (rural) site - Cl47.
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COEFFICIENT OF VARIATION OF VOLUME COUNTS (PERCENT)
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FIGURE 15 - Stability of weekday volume counts (Percent). Data: the
manth of July in 1978, 1979 and 1980; non-recreational low

. ’ volume (rural) site -~ C147.
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! FIGURE 18 - Stability of weekday volume counts (Percent). Data: the
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FIGURE 31 - Stablllty of daily volume counts (Percent).
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