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Estimation of annual average daily traffic (ADT) on sections of a
state highway network has long been an importent phase of the high-
way planning process. ADT estimates have been used as a fundamental
element in determining vehicle-miles of travel on the various cate=-
gories of rural and urban highway systems,. ADT estimates, together
with other important characteristics of traffic, provide the highway
engineer, planner, and administrator with information necessary for
establishing a systematic classification of highway systems, deter-
mining design standards, evaluating safety programs, estimating
change in annual traffic volumes, calibrating traffic assigonment and
distribution models, and developing programs for highway improvement
and maintenance. In addition, many commercial activities, such as
motels and hotels, restaurants, automobile service and repair
1ndustr1es, and recreational and amusement centers use traffic esti=-
mates ds a basis for planning,

Three basic types of mechanical traffic counting operations are
commonly employed by State highway departments to obtain ADT esti=-
mates. Hourly recorders are operated continuously at a limited
number of locations. Intermittent counts or seasonal control counts
are taken four, six or twelve times a year for durations varying from
48 hnours to two weeks. DBy far, the greatest amount of traffic data
results from short coverage counts taken for 2k or 48 hours, but may
be das long as five or seven days., In a very few states coverage
counts are taken two or four times a year. It is necessary to
utilize these coverage counts in arriving at ADT estimates for the
many locations on the highway network where continuous recorders
and seasonal control stations are not operated.
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Over the years, highway departments have used some factoring procedure
for adjusting coverage counts to estimates of ADT. Generally this
involved associating each short count station with a single permanent
recorder believed to have a similar pattern of monthly variation, An
adjustment factor from the permenent recorder was then applied to the
coverage count to obtain the ADT estimate.

In May 1963, the Bureau of Public Roads published the "Guide for Traffic
Volume Counting Manual." This manual was the result of research by

several highway departments in cooperation with Public Roads, and presents
an efficient procedure for adjusting coverage counts to ADT estimates. The
procedure involves grouping together the permanent recorders and seasonal
control stations having similar annual traffic patterns. In most States,
three to five groups are defined. After assigning all of the state high-
way network to one of the several groups that may be identified, coverage
counts are adjusted to estimates of ADT by applying the appropriate group
meen monthly factor,

The monthly factor used in grouping permanent recorders and seasonal
control stations is defined as: F = Average Annual Daily Traffie divided
by Average Weekday Traffic for the Month. The group mean monthly factor
ig then the average of the individual monthly factors for the ATR's and
control stations in the group. There are three sources of error in this
method of estimating ADT at & point;

1. The monthly factor at a coverage count station will generally not
be exactly equal to the group mean;

2. The coverage count (24 or 48 hours, 5 days or 7 days) will differ
from the average weekday (average day in the case of a T-day count)
of the month; and

3. The road section on which a coverage count is taken may have been
assigned to the wrong group. This error is assumed to be negligibvle,

The percent error or relative error for any estimate of ADT for a link
on whicha coverage countis taken may be expressed as:

E =(XF - ADT) 100 (1)
ADT

where:
E = estimated percent error

X

2h-hour count or the average day for the period counted

=
1}

the appropriate group mean monthly factor
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The coefficient of variation of the relative error of the estimate may

be expressed es: »

Cv = (CV2+ CV2) 1/2; where CVx = coefficient of variation of coversage
counts ‘ co
'CVf= coefficient of variation of the monthly

adjustment factors ; (2)
Formula (2) is based on the following assumptions: .
1. Both x and f are raﬁdom variables,
2. ?he two variables are ﬁncorrelated.

If the continuous traffic recorders were placed on every section of the
road network assigned to the group, it may be assumed that the popu~
lation of resulting monthly factors would be uniformly distributed about
the group monthly meens, The values for any month would have a range of-
0,20 from low factor to high factor. The coefficient of variation of
the factors for a month will generally be of the order of magnitude of

L or 5 percent. Therefore, in order to attain a relative error of 10
percent in the ADT estimate (that is, a coefficient of variation for

the estimate of 10 percent), the coefficient ‘of variation of the
coverage counts for any month must not exceed 8 or 9 percent.

Many highway departments take coverage counts of 2L~ or 48-hour duration
with cumulative type traffic counters. A few states take coverage counts
of 72 hours, 5 or T days. Generally these longer duration counts are taken
with portable hourly recorders. In the past, there have been studies to
determine the most appropriate duration for coverage counts. These studies
generally utilize continuous recorder data and randomly selected samples of
varying duration, The samples are then compared with either the average
weekday for the month or average day of the month, whichever is approprlate.
A great deal of this work has been unreported..

The results of one such study were published in l95h'by‘Petroff and
Blensly.l/ Commenting on Figure 1 which is taken from that report, the
authors say: o -

"The observation of the data presented in Figure 1 which is of
utmost practical significance is that traffic counts of 2h-hour
duration on weekdays have a coefficient of variation of %10 percent

1/ Petroff, Boris B., and Blensly, Rovert C., "Improv1ng Traffic-Count
Procedures by Application of Statistical Method." Proceedings,
Highway Research Board, 195k,
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or less when compared with the mean volume for a weekday in a given
month at stations having the mean volume of about 500 vehicles per
day or more. This applies usually to all months except the winter
months in some states.” . . . . . "Counts of L8-hours duration
improve the accursacy by 20 to 25 percent, thus raising the
confidence limit from 68 percent to about 75 percent for one
standard deviation of 10 percent, also extending the range of
volumes down to about 300 vpd.

"This translated into everyday language means that two=thirds to
three-fourths, depending on the lengih of the count, of all
coverage or blanket counts may be expected to have an error of
about 10 percent or less when compared 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."

These observations are for coverage counts in rural areas. Results of
a similar study for urban areas were reported by Petroff and Kancler in
1958, 2 This paper will be concerned with rural coverage counts only.

The present study examines on a population rather than a sample basis
the relative accuracy of coverage counts of 24~ and L8~hours on weekdays,
5 weekdays and T days. Counts of T2 hours were not tested because of
their infrequent use, The study's obJjective was to determine if the
observations of Petroff and Blensly are still applicable and to obtain
information on the increase in accuracy of ADT estimates that may be
expected by increasing the duration of coverage counts., In some states,
Fridaey volumes are more like those on weekends than on weekdays., For
this reason, 2h-hour counts taken Monday through Thursday were also
tested.

Rather than testing randomly selected sample counts of the desired
duration from continuous recorder data, all combinations of data for
the five selected count durations were analyzed. This was possible
through use of an IBM 7010 computer. In order to draw definite con=-
clusions for all states, it would be necessary to test data from all
states. This would be impractical and prohibitively expensive. It

was decided to utilize data from a limited number of states geographi-
cally distributed around the country. Hourly volume data were obtained
for 386 continuous recorders in five states for 1964 as shown below:

2/ Petroff, Boris B., and Kancler, A, P., "Observations Concerning
Urban Traffic Volume Patterns in Tennessee." PUBLIC ROADS,
December 1958 issue.




State , Number of recorders
Arkansas 76
Florida 80
Georgia | 25
Michigan AR 116
Oregon 89

The states were selected primarily on the basis of ready availability of
data and convenient format. : ' ‘

Each state's data were subjected to the same testing procedure. All
available volumes at each station for 24 hours and 48 hours on week-
days and five consecutive weekdays were compared with the appropriate
average weekday of the month. The standard deviation and coefficient
of variation were computed for each month at a station for the five
selected count durations, Table 1 is a sample of the computer output.

In computing the standard deviation for the 2h-hour counts, the follow-
ing formula was used:

The following formula was used to compute the root mean error sbout the
average weekday of the month for the. three additional coverage count
durations:

2 1/2

Xi _
—2XY +7Y2

N

g

RME =

The formula of the root mean square error yields a slight overestimate
of the standard deviation, It was adopted in order to compare the 48—
hour, 5-day and T-day counts with the same average weekday of the -
month as the 2U<hour counts. Use of the first formula with the multi-
day counts would have resulted in comparing each multi-day count with
the average of the multi-day counts. Derivations of the two formulas
are found in the Appendix. '




All computations, including summarizing hourly volumes into daily
volumes, were done on an IBM 7010 computer. FORTRAN IV programs were
written for each phase of the study.

RESULTS

Table 2 presents a tabulation of the monthly and overall annual
coefficients of variation of the coverage counts for each State and

for the five coverage count periods. These are monthly average coeffi-
cients of all stations in the state., In these computations, the
coverage counts for periods exceeding 2i-hour duration were reduced

to 2h-hour averages. Table 2A presents averages of the monthly coeffi-
cients for the five states. These same coefficients are presented in
graphical form in Figure 2. Please note that the December results in
Oregon are not included in any summaries due to a flood which disrupted
traffic in some parts of the State. Also in Oregon, the analysis of
2h-hour coverage counts taken Monday through Thursday is omitted, since
individual weekdays were not easily identified on the input tape. Table
3 is an overall summary of the coefficients in the last column of Table
2. Annuel mean coefficients of variation for the five are alsc shown
in the bvar-graph in Figure 3.

One striking observation that can be made is that the coefficient of
variation for 2h-hour counts taken Monday through Friday is nearly

always greater than *10 percent. This is true for both the overall
monthly averages and annual average (Table 2A). Arkansas and Floridas
were the only two states where the monthly coefficients were under +10
percent in more than one or two months, Consideration of only the
months March through November, when some states do all coverage counting,
does not alter the picture described above. These are rather significant
observations, since quite a number of states now use 2h4=hour coverage
counts for ADT estimating purposes. Perhaps an evaluation of the 2k~
hour counts in these states would be in order to determine if this
study's results also aspply to the particular states concerned.

By taking 48-hour weekday counts, it appears that the coefficient of
variation of the count can be reduced below the +10 percent level to
a point where ADT estimates will more closely approach the desired
accuracy. Exclusive of Michigan where the volumes are more variable
than in the other four states, the overall annual coefficient of
variation for U8-hour weekday counts is +9.0 percent. This is approx-
" imately the same relative improvement observed by Petroff and Blensly.
Scheduling of U8-hour counts does not generally present any greater
problems than those for 2LU-hour counts. There is the possibility that
field men may have all their recorders picked up by Friday noon. Many
states utilize Friday afternoons for eguipment maintenance, special
purpose counts, or travel.




In recent years, many states have observed that Friday traffic,
especially Friday afternoon, more closely resembles weekend rather
than weekday traffic. Insofar as the total daily volumes are
concerned, these observations are substantiated in this study by the
reduction in the coefficient of variation resulting from considering
only Monday through Thursday for 2k=hour counts. Table 2 and Figure
2 show a very close similarity between h8—hour counts and 2h—hour
counts which exclude Fridays.

The decrease in annual mean coefficients of variation between the 48-
hour counts and the 5«day count was 3.9 percent as compared to 2.9
percent between 2h-hour and 48-hour counts (Table 3). The results for
the T-day counts are almost the same as for 5-day counts. Either count
duration cuts the 2U~hour relative variation in half. The ADT estimates
resulting from the expansion of 5« or T-day counts should have a total
relative error of about +6 8 percent. This figure for total relative
error in the ADT estimate is obtained using Formula 2 on. page 3 which
combines the effect of variation of daily volumes with the effect of
using a group mean factor. These longer coverage count durations are
popular in northern climates and where there is extensive mileage of -
low-volume highways. From a scheduling standpoint, the T-day counts
may be more practical.

Many highway departments exclude the winter months from their coverage
counting schedules. In order to determine the effect of winter months,
the overall mean coefficients of variation were calculated for the months
March through November. These figures are shown in the last column of
Tables 2 and 2A. Although there is little change in the overall mean
coefficients, Figure 2 shows the definite advantage of eliminating winter
months since they generally have higher coefficients then the remaining
months, :

The unusually high coefficients of variation for September are due largely
to steadily decreasing volumes throughout the month at most statioms.
Failure to eliminate from consideration certain holiday periods during
the month further contributed to the variation of the weekday volumes.
In an effort to determine the degree to which the September coefficients
of variation were affected by the Labor Day traffic, two weekdays
(September 4 and 7, 196L4) were eliminated and coefficients recomputed
for 2h-hour weekday counts. The average decrease in the coefficients

of variation was - 4.7 percent. Similar decreases in variation for

the other four count durations would be expected: Table 2B shows the
results of the comparison in detail., Figure 2A shows a comparison of
monthly fluctuation of 2h~hour weekday counts taken Monday through
Friday. It is seen that the September wvariation is still high. This
must be attributed to a significant decresse in volumes during the
month. Table 2C shows overall mean coefficients of variation for the
period March through November, excluding September for all count




durations other than 24~hour Monday through Friday. This shows that
~all coverage counts taken during this period, except 24 hours Monday
through Friday, have coefficients of variation sufficiently low to
produce satisfactory estimates of ADT.

The "Guide for Traffic Volume Counting Manual" suggests treating all
roads with ADT less than 500 in a separate category. Of the 386
permanent recorders studied, fewer than 40 had ADT's less than 500,
These were concentrated in Arkansas (21) and Oregon (15)., Table 4
shows that very slight effect on the annual mean coefficients of
eliminating these lower volume stations., The remaining three states
had no more than three low~volume stations each. Therefore, the
observations discussed above can be considered representatlve of
higher-volume locations.

In a 1946 paper §/, Petroff reported on the fluctuation of weekday
volumes at locations where the ADT is less than 500 vehicles per &ay.
The study utilized data from 10 permanent recorders in northern states
and 10 recorders in southern states. The mean annual coefficients of
variation in the northern states for 24- and 48-hour counts were 24.96
percent and 19.50 percent, respectively. In the scuthern states, the
coefficients were 19.32 percent and 14.85 percent.

Table 5 presents the mean monthly coefficients of variation for Arkansas
and Oregon plus coefficients for three additional stations, Although the
coefficients are not as high as those reported by Petroff, the difference
of about three percent between the two count periods is comparable to
Petroff's results. The coefficients in Table 5 produce the additional
observation that ADT estimates with a standard deviation of +10 percent
or less are unlikely for low=volume stations, at least in these states,
unless coverage counts are of 5 or T deys duration,

Conclusions

The most important result of this study relates to the use of 2k~ or
L48-hour coverage counts for ADT estimating purposes on rural roads
with ADT's greater than 500 vpd. Coverage counts taken for 48 hours
on weekdays will have a mean annual coefficient of variation of #9.0
to +9.5 percent when compared to the average weekday of the month.
The study results strongly indicate that a coefficient of +10 percent
or less is not to be expected for coverage counts of 2L hours taken
Monday through Friday. If these results are fairly representative of

o s o o

3/ Petroff, Boris B., "Scme Criteria for Scheduling Mechnaical Traffic
Counts," Proceedings, Highway Research Board, 1946,
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conditions in other states, 2l=-hour counts taken Monday through Friday
should generally not be used to obtain ADT estimates with a relative
error of +10 percent. Although this study included only five states,
the results appear definite enough to warn against use of 2h-hour
weekday coverage counts without sufficient proof that results will be
satisfactory in the particular state.

The study results alsc indicate that, if Fridays can be excluded from
coverage counting, the coefficients of variation for 2L-hour weekday
counts will bé comparable to 48-hour counts taken Monday through Friday.
It should be noted that the full 24-hour Friday volumes were excluded

in this part of the analysis. Although many states exclude Fridsy p.m. -
volumes, this practice wag not tested., It would seem prudent, however,
for individual states using Friday morning volumes to verify that they
are not significantly different from those of other weekdays.

For estimating ADT on rural roads with ADT's under 500 vehicles per day,
it appears that neither 2k nor L8-hour counts should be used if the
desired relative error of estimate of ADT is +10 percent. 1In this case,
either 5-day or 7~day coverage counts are recommended. Many highwsay
‘departments do not feel it is necessary to maintain the same accuracy
of ADT estimates for roads with ADT under 500 vehicles per day as for
the higher volume roads. Coverage counts of 48-hour duration on low=-
volume roads, having coefficients of variation of about +12 percent
when compared with the average weekday of the month, will probably
produce ADT estimates with a standard deviation of about +12~1h per-
cent. Similarly 2h-hour coverage counts with coefficients of variation
of approximately +l6 percent should produce ADT estimates with a stan-
dard relative error of about +16-lT percent.

In scheduling coverage counts, most states, except those in the southern
part of the country, ‘exclude the winter months. Tables 2 and 2B do not
indicate a marked decyrease in annual coefficients of variation for the
five states studied when winter months are excluded. Experience has
shown that permanent recorders in most states are difficult to group
following the Bureau of Public Roads' "Guide for Traffic Volume Counting
Manual" when winter months are included, The practice of excluding
winter months from coverage counting schedules, therefore, appears
desirable in all but a few southern states.
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Table 1 - GEORGIA

EVALUATION OF 48 HOUR COVERAGE COUNTS

STATE STATION MONTH OBSERVATIONS AVG WKDY STD DEVIATION GCOEF OF VARIATION
36 1001 i 19.0 9444,0 635.4 6.7
36 1001 2 19.0 9664.5 9077 9.3
36 1001 3 21.0 3615.4 1394.1 14.4
36 1001 4 2140 10535.1 658.6 6.2
36 1001 5 20.0C 10860.5 658.5 6.0
36 1001 _6 ~21.C 11499.8 1099.0 .95
36 1001 7 22.0 11871.3 657.0 5.5
36 1001 8 20.0 11893.9 573.3 4,8
36 1001 9 2i.0 11035,5 1073.7 9.7
36 100i 10 21.0 9544,3 672.1 7.0
36 1001 11 20.C 9615.9 737.9 7.6
36 10031 iz 22.0 10032.3 _1455.6 14.5
36 1002 1 19.0 8703.3 636.6 T.3
36 1002 2 19.0 9137.9 434,2 4.7
36 1002 3 21.0 9380.9 440.8 4.6
_36. 1002 & 21.0 _9873.9 543.8 _ 5.5
36 1002 5 20.C 10469.3 590.1 5.6
36 1002 6 21.0 10864,7 46245 4.2
36 1002 7 21.0 10934.7 514.5 4.7
36 1002 8 20.0 11360.6 637.8 5.6
36 1602 9 21.0 11295.3 674.3 5.9
36 1002 10 21.0 9552.0 100648 10.5
36 1002 11 20.0 9405.7 B69.4 9.2
36 1002 12 22.C _9535.0 1110.6 11.6
36 1004 1 i9.0 3147.2 1682.4 5.7
36 1004 2 i9.0 3224.6 296.1 9.1
36 1004 3 21.C 3411.6 389.1 il.4
36 1004 4 21.0 3674.0 343.9 9.3
36 1004 5 20.0 3923.7 348.1 8.8
36 1004 6 21.0 4396.9 272.0 _6.1
36 1004 7 22.0 4436.3 511.0 11.5
36 1004 8 20.0 4202.3 396.4 9.4
36 1004 9 21.0 3921.0 497.0 12.6
36 1004 10 21.0 3493.3 416.0 11.9
36 1004 11 20.0 3262.5 4464,5 13.6
36 1004 12 22.C _3564.0 383.8 10.7
36 1007 1 19.0C §228.4 433,73 8.2
36 1007 2 19.0 5689.0 57442 10.0
36 1007 3 21.0 €6465.5 - 1180.5 18.2
36 1007 4 21.0C _6417.0 . 613.5 9.5
36 1007 5 20.0 5944.6 1410.3 23.7
36 1007 6 21.0 1533.0 171.1 11.1
36 1007 7 22.0 1344.9 108.9 8.1
36 1007 8 20.C 1223.4 6242 5.0
36 1007 9 21.0 1061.6 45,7 4.3
36 1007 10 21.0 1075.5 6844 6.3
36 1007 11 20.0 1050.2 4846 4.6
36 1007 12 22.0 1048.9 90,5 8.6
36 1008 1 19.0 2969.4 134.0 4,5
36 1008 2 19.0 3099.5 21448 6.9
36 1008 3 21.0 3125.9 109.2 3.4
36 1008 4 21.C 3300.0 183.6 5.5
36 1008 5 20.0 3323.5 203.1 6.1
36 1008 6 2146 3525.6 215.7 6.l
36 1008 7 2Z2.C . 3790.4 303.1 7.9
36 1008 8 20.0 3761.4 .6

. 175.0

i
i
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*2l-hour weekday counts taken Monday through Thursday.




Meen monthly coefficients of variation for rural traffic volumes.

?able 2B

Effect on va.ria.tionv of 2l-hour weekday volumes
of eliminating Labor Day holiday period.

| _Mean September coefficlents )

State Original st:i‘;sf il;m%?tlig%% Difference
Michigan 22.8 13.7 9.1
Georgia 13.3 10.7 2.6
Oregon 16.5 11.k 5.1
Arkansas 12.3 9.8 2.5
Florida 15,k 11.2 b2
Average 16.1 1.4 _ 4.7

Table 2¢

12

Duration | Mar. | Apr. | May June | July | Aug. | Sept. ]| Oct. | Nov. | Avg.

24 hr. 12.9 | 11.2 | 12.8 10.% | 11.5 9.3 11.% 12.6 | 1%.6 | 11.9
ohuet {201] 81) 751 7.9 81 7.0] -~ | 8.0|13.5] 8.8
¥hr. |04 ] 84| 9.0 8.2 8.9 6.8 --- | 9.k {11.2| 9.0
5 day 631 %5 ns5| n6l 5.0l 3.7 - | 48| 7.9} 5.2
7 day 62| 48| 5.0 w7 45| w1 | --- | 5.0} 6.6 5.1

* Twenty-i’c;ur hour weekday counts taken Monday through Thursday.

Note: September coefficients excluding Labor Day perlod calculated
only for 24-hour counts Monday through Friday.
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Teble 3

Analysis of rural coverage count durstion

Coefficients of variation summary table

State 24 hour 2k hour* 48 hour 5 day 7 dsy No. of stations

Georgia 11.3 8.4 8.5 48 5.0 25
Florida 11.1 9.0 8.8 5.4 5.2 80
Oregon** 12,9 - 10.2 5.9 6.3 89
Michigan  15.6 11.8 1.9 6.9 7.0 | 116
Arkansas 11.1 9.7 8.3 5.2 5.0 76

Average 12.4 9.7 9.5 5.6 5.7 Total = 386
* Weekday counts taken Monday through Thursday.

*¥* Due to a bad flood in December 1964 counts for this
month are not included in the averages.

Table 4

: Summary table
(Affect of eliminating station with ADFT less than 500)

Mean annual coefficients -of variation

‘ “.; ﬁo [ Of
oh hr. | 2 hro* | 48 hr. | 5 day | 7 day | stations
Arkansas
All stations 11.1 9.7 8.3 5.2 5.0 76
High-volume stations 9.2 7.5 6.8 b1 h,1 55
Difference 1.9 2.2 1.5 1.1 0.9 11
0 V .
rzignstations 12.9 - 10.2 5«9 6.3 89
High-volume stations 12.5 -—— 9.8 5.6 6.0 Th
Difference 0.4 - 0.4 0.3 0.3 15

* Weekday counts taken Monday through Thursdsy.
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APPENDIX

Derivation of formula for use
with 24-hour counts.

Number of 2l-hour samples in a month.

N =
X; = The "i"th 24-hour sample in & month.
X = Average weekday of the month.
= Standard deviation.
N -
2 1§(xi - %P 1 X ‘
g = — -
= = T (42 -2%Tx - %°)
N N 4 =1
N N R
T, X352 %2
ca-tl b g 1 M &=t
N N
213‘ X 2 X
0'2_14311 2'}-(— ié 1 +N22
2
g, X1 - =
[¢] 2 - i—l - 2 Xe + X2
|
v X12 1/2
o i= - X
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Derivation of formmla for 48 hour, 5 day and 7 day.

Xy = Vol 1l + Vol 2 + Vol 3 4+ ~=== Vol n
‘. n ; where "n" =2, 5o0r 7
N = Total number of possible samples in the month.
N
z X3
X = Average of samples = 1-5—-
Y =

Average weekday or average day of the month (X is not necessarily
equal to Y, but will be a close approximaetion to Y).

N
z 2
(% - Y) N
(Rt error)? = 2 N = %): (%42 - 2%3 Y + Y2)
1
N
Dg2 D, I,
(RMerror)e-_-LT_-aY 1Xi+1Y
75
N
2x12
(H«!error)a—l--r -2YX+7Y2
N
fxia o
Root mean square error = -2XY 4+ Y2
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