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Traffic Forecasting with an Inadequate but 
Improving Data Base 
W.M. Turner and R. Willett 
British Post Office, London, England 

ABSTRACT 

This paper deals with the production of forecasts of 
busy hour traffic flows for exchange planning purposes. 
The nature of traffic series is frequently such that 
established forecasting methods are inappropriate. The 
paper reviews the problems faced by British Post Office 
staff at the local level and describes the methods being 
developed to overcome them. The basic principle is one 
of computer produced time trend extrapolation of traffic 
quantities and calling rates followed by reconciliation 
of discrepancies between related forecasts, to produce 
estimates of levels up to 7 years ahead. 

1. INTRODUCTION 

Post Office telecommunications equipment procurement 
procedures demand that most forecasts are of a fairly 
long term nature. In the case of busy hour traffic 
forecasts this very often results in a forecast period 
longer than the period for which historical records 
exist. The problem is further aggravated because traffic 
records are rarely available with sufficient regularity 
for past trends to be established with any precision by 
conventional methods. 

In recent years steps have been taken to reduce the lead 
times for exchange provision and to improve the historical 
data bases from which exchange traffic forecasts are 
based. The former has an immediate effect but the 
advantages of more regular traffic records are only felt 
over an extended period. In the meantime, basic 
historical information is less than ideal and even if 
the current aim of taking traffic records monthly is 
achieved, such a performance will not make available 12 
records a year consistently for forecasting. This will 
arise from occasions when records are not usable either 
because of equipment failures or because the measured 
level, though correct, is through exceptional circum
stances not representative of the general traffic load 
on the exchange. A typical UK traffic time series thuB 
would currently consist of at most five years of data 
with missing or unusable records scattered randomly 
throughout the period and the available figures contairong 
a significant degree of measurement error. To further 
complicate the problem many exchanges are believed to 
display a systematic seasonal variation and not 
infrequent abrupt shifts in average traffic level. 

If unbiased growth forecasts are to be produced it is 
essential that the various factors described above can 
be catered for. Current practices, consisting mainly of 
'fits by eye' of trend lines to graphs -of measured 
traffic or calling rates on linear or log linear graph 
paper can only deal with these problems in a very 
imprecise -and subjective way. Conversely the use of 
established time series analysis methods is ruled out 
by the nature of the available data. It was therefore 
necessary to devise a method which could cope with the 
special features and shortcomings of traffic series , and 
also be able to exploit the improving frequency and 
reliability of traffic records. Such a method, designated 
the Calling Rate and Traffic Extrapolation Routine 
(CRATER) is currently undergoing detailed evaluation by 
Post Office forecasters and results to date have been 
encouraging. 
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2. GENERAL APPROACH 

The philosophy behind the method is the recognition 
that no single forecast or forecasting method can be 
completely reliable. It is therefore desirable to 
forecast traffic in several ways and then attempt to 
reconcile the resulting figures one with another. This 
is possible because of the relationship between traffic, 
calling rates and connexions, as illustrated in Fig 1. 

Traffic 

Connexions Calling Rate 

Fig_I 

The quantities connexions, traffic and calling rate 
can be thought of as lying at the vertices of a triangle. 
If estimates are available of any two quantities, the 
third can be deduced. Thus traffic can be forecast as 
a single quantity and also as the product of forecast 
connexions and corresponding calling rates. The latter 
approach is of value because traffic trend extrapolations, 
though convenient in many situations, cannot reflect 
forecast changes in the business/residential mix of 
exchange connexions. On the other hand achieved traffic 
levels frequently exhibit greater stability than calling 
rate data. 

The adopted approach is to base exchange planning on a 
'traffic profile' comprising forecasts of 8 Key 
quantities, termed Main Traffic Groups (MTGs) , as 
follows:-

a) Originating traffic 

b) Incoming trunk traffic 

c) Incoming junction traffic 

d) Incoming assistance (operator) traffic 

e) Terminating traffic 

f) Outgoing trunk traffic 

g) Outgoing junction traffic 

h) Outgoing assistance traffic 

These are forecast directly and also indirectly via 
calling rate and corresponding connexions data as 
follows:-

Originating traffic 

(i) Forecast overall originating calling rate. 

(ii) Forecast class originating calling rates; 
business, residential, coinbox. 
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Terminating traffic 

(i) Forecast overall terminating calling rate 

(ii) Forecast single line, small PBX and large 
PBX terminating calling rates. 

The forecasts referred to above are made by extrapolation 
of historical trends. This is a largely objective 
exercise, the adopted methods of which are described in 
paragraph 3. There remains however a large subjective 
element to any traffic forecasting process and the 
importance of considered interpretation and judgement is 
not underestimated by the EPO. In general subjective 
consideration must follow detailed statistical analysis, 
the philosophy being that systematic processing of 
historical data is essential if the forecaster is to have 
some basis on which to make his decisions. 

3. PRINCIPLE FEATURES OF THE FORECASTING METHOD 

Two computer programs have been developed to" overcome 
the problems described in paragraph 1, the first for 
traffic forecasting and the other for forecasting calling 
rates. They differ in detail to cater for the differing 
problems associated with each quantity but have major 
features in common. A fuller mathematical description 
of the programs is given at the Appendix but the main 
features are as follows. 

3.1 FLEXIBLE TREND CURVE 

The programs use least squares multiple regression to 
fit to a modified exponential curve of the form:-

y = h + a exp (bt) 

where y is the measured quantity 
t is time (in months) 

and 
h is the plateau, or asymptotic, value 
a and b are parameters 

The modified exponential curve has the following 
characteristics : -

a) 

b) 

c) 

when h = 0 the resultant curve is the familiar 
exponential i.e. a straight line on log/linear 
graph paper. 

when h has a large negative value the shape of the 
fitted curve is approximately linear over the 
required forecast period i.e. a straight line on 
ordinary linear graph paper. 

as h is varied the degree of curvature of the 
fitted line varies between the extremes of a) and b). 

d) by a simple transformation 'saturating' growth 
curves can be fitted, where the rate of change 
declines until ultimately a steady state condition 
is reached. 

The modified exponential curve can thus adopt a wide 
variety of shapes. The three most useful forms are 
illustrated in fig 2. 

Shape 1 The quantity y is increasing with time and 
there is no upper limit to growth. This has practical 
applications for forecasting traffic quantities, where 
in the medium term sustained growth is expected. 

Shape 2 With this curve the quantity y is increasing 
with time, but with a growth rate that ultimately falls 
to zero so that y stabilises at some constant value. 
This shape can be used to fit either traffic or calling 
rate growth. 

Shape 3 The quantity y is decreasing with time but will 
ultimately stabilise. This shape of curve is relevant 
for calling rate data. 
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The forecaster must choose which of the three basic 
curves is required but the precise shape of curve is 
optimised automatically. Parameters a and b are 
estimated by regression and an iterative scheme to 
calculate h. 

The linearised model; in matrix form is:-

where 1 
Yi Yi - h and the Yi are recorded values 

tn 

and 

n is the number of 
values analysed. 

3.2 ESTIMATION OF SEASONAL VARIATION 

It is frequently the case that as well as displaying 
medium term tre~d traffic and calling rates vary 
systematically over the year. It is important to identuy 
and quantify such variation if unbiased forecasts are 
to be produced. The general model specified above can 
be extended to reflect this seasonal variation by the 
use of dummy variables and parameters. For example, 
to estimate the monthly variation for January the 
design matrix would be:-

T 

tn 

and u 

1 '" repeated every 12th row 
o and assuming that the 
o first value corresponding 

to January 

where m, is the January 
seasonal effect. 

In theory the approach can cater for the estimation of 
individual parameters for each month of the year; in 
that case the "T matrix would have 11 extra columns and 
the ~ vector 11 extra rows. In practice far fewer 
seasonal parameters are introduced because variation 
between months, although present, is not sufficiently 
distinct for such a complicated analysis to be justified. 
It is more usual to assemble months into a smaller 
number of groups whose members share similar seasonal 
characteristics. 

Given specified monthly groupings corresponding parameter 
values are calculated by the program. These are output 
together with variance statistics from which their 
relevance can be judged. Figure 3 illustrates. an 
example. 

The advantages of this technique, as opposed to 
conventional methods are that major seasonal effects and 
hence bias are eliminated but missing values do not 
invalidate the approach. In fact, provided that at 
least two records from each group are available the 
seasonal parameters can be estimated. Because least 
squares regression is used it is straightforward to carry 
out hypothesis tests on the parameters, the most valuable 

ITC8 

• 
• 

• 

• 

• 

• • 



• 
• 

• 

• 

• t 
y 

• • 
ITC8 

-1 - -- . 

. -
- I- - ·- c- _. 

--1-1-

rT 

L..o - I~tt " 

-1-1--
I- - -

- - -I-

1-1-
f-I-
~+-

. 1-

I-

l-- ~-

-i- ~+ 

~t 
-t~ 
i-
1-

- -- 1- -1-1--. 

--- -- I-I-
1-1- 1-'- -

~ -- - ~. 

H- - - ·--t-I- 1- -

-1--1- -. - -

I-I-
· 1- - 1-1-

H-

- -- 1-1- 1- - - I-

1--1- 1--1-- - H--

~~;!~~~~~g~~~~~S~~~~~g~~~:~s~~~~~g~~~~~~~~~~~g~~~~~~~~~~~g~~~~iS~~~~~g~~ 
I 192.L I 19..lL I 19..1L I 19.1L I 19.1L I 19 

Fig. 2 

l ' - - r C 

_~. . . ~: - : _I, 
-I --

I 
I 
I . I 

+++++++++++-+++++++.+t-+H++++-H-t-t-+-+H-+-i +++++++::+-+-1-~ - --bI+- ..j.~-l-+ +-l-l-l--I4.++-+~ - - ..~ -:i-: ~ ~~FI i 
~~~~~~+-~~'+~~~'~-~l~~+.~-~~~_~~~- : - : ~ -- - - -=-f :~ I - : 

-~+++~-++++f-+-F-+-H-++-++f--j+++-j-+-+++-l-+I-+-H-++-t-H-++-I--t::;jIlllJl~_ I-_-l-t - - ' - - ;- ~ l- J I 
~~t++-.tJ~I--l--+I:+-+-':-l!~-++- ++f-++t-H-++-t-H-t-!-+-t-I-++-:=~:_~_:+;:::nillli+~:~-t~:i--l-·'~+~ f _ -:~ 1 ~: _ . i --- fit - I 

J..-.I-+-++-~-++-~+++·t-++++-+++++-+-++++-H-+++-~ bMIIII'1-+-l-+++++++-!~t+jH-++- H~\j-itttiittjct±tttHt+-+I- _ Jt-~ _: ~ 
~~~~-H-++~++~-~ti~t'~~-+-~'+~~H-++'-r'K+-H+r""'r~tt~l1tbl~~tr-~tt~ttI ~-++t-++-H-t-++-4+-H-+-H-+-K-H-+-++-+-..l.oIlII"1i111:+iIII1 -·I-H--- t-++-1-++H-+-t-rH ::.~ -+- - 1+:b .... ~R-t-

~H-+-+-+++++-·~+-++K-t-~'l9-t-H++-++H-+t-t-t~~-t-H-+-+-+-H-I-4--l--I+++-I-++-~ .I-+-I--I--+-I--If-+-f-,- I-.-t._-I- ~ _ -; _ ~ -J= --I 
- - -:-1 

T - -_ t 

:::: ~ > --/: :~I 
I-I--I -+-+-+-~- - 1--1-1---1-1-1--+-1--1-+ - - - - ~ I 

-
-- ~1-4-H+I++H_~_L -

I---I-I-+-I-I-++++-H 

~ +-1--+-+-+-1- ~ 'I-++-+-+I--+-I--HI __ +-++-I 

TIME~ 

Fig . 3 Street Originating Traffic 

213-3 



being the comparison of parameter values for the 
different seasonal groups. It is necessary for the 
forecaster to specify a particular seasonal pattern 
based upon local knowledge and inspection of the data; 
thereafter the process , is automatic. Various patterns 
may be tried and the most appropriate selected. 
Experience to date indicates that the correct seasonal 
pattern is quite re~dily identified and once found 
remains current for several years. When a pattern has 
been adopted it will be reproduced in the forecasts. 

3.3 IDENTIFICATION OF DISCONTINUITIES 

A common feature of traffic series in the UK is an 
abrupt change in overall level corresponding to a 
significant event; in fact a single series may contain 
6ev~ral. These events often do not reflect continuing 
growth patterns so that it is important that their 
effects be identified and that forecasts should 
incorporate allowance for them. This is achieved within 
the programs by the further use of dummy variables. 
For instance to estimate a step change at the j th 
value, the design matrix becomes:-

T 

and u 

o 
o 

tj-1 0 
tj 1 

where S1, is the 
"step coefficient" 

The estimation of discontinuities in historical series 
can be combined with seasonal analysis as described in 
3.2. Figure 4 illustrates a typical result. 

The change in level coincided with the opening of an 
exchange extension and clearance of a large waiting 
list, and connexion to the traffic recorder of several 
existing equipment racks previously not connected. 

In many cases shifts in level are readily apparent in 
the data or are suspected because of some known 
occurrence, but this is not always true. However, the 
presence of an unidentified discontinuity in a data 
series may be signalled by the presence of auto correlation 
in the residual values from the fitted curve. For this 
reason the programs test for serial correlation in order 
to reduce the possibility of shifts being overlooked. 

4. MONITORING FORECASTS 

When all the major effects in the historical series have 
been identified the next st~e is to produce forecasts. 
Projections are made using the computer program which 
reflect the historic patterns present in the data and in 
addition to seasonally adjusted mean trend predictions, 
95% confidence limits are calculated. Provided that 
serial correlation has been eliminated the confidence 
limits may be used to evaluate the precision of each 
forecast and these precision details help traffic 
designers to select an appropriate value from within the 
confidence interval to meet grade of service targets. 

The BPO is currently changing emphasis in its planning 
system to a continuous planning process, named the 
'Planning Line'. This will ultimately involve the 
continuous monitoring and regular updating of key traffic 
forecasts for almost 3000 exchanges serving approximately 
95% of total exchange connexions. Without scientific 
techniques this approach could impose severe strains on 
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planning staff. The use of computer based forecasts and 
availability of confidence intervals permit the adoption 
of control chart or similar techniques to keep 
forecasting demands within acceptable bounds. By these 
means forecasts can be monitored and in general only 
recast if it is indicated that the assumptions on which 
current figures are based have changed significantly. 
This brings the dual advantages of stability of planning 
parameters and acceptable forecasting workloads. The 
principles are illustrated by figure 5 below. 
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The forecast was made using data from 1966 to 1968. 
Achieved results thereafter were compared with the 
control limits. As can be seen the original forecast 
held up until mid 1974. 

The practical details of the scheme are still being workm 
out but the principles are established. First the 
measured values obtained after producing a forecast can 
be compared with pre-determined prediction limits; in 
general a figure would only be recast when a specified 
number of values fell outside the range. Second, 
certain key forecasts may be updated incorporating the 
latest values and the new trend prediction compared 
statistically with the previous value; a full review of 
all forecasts only being undertaken if these are 
incompatible. A mixture of these two approaches will 
most probably be adopted. 

5. RECONCILIATION OF FORECASTS 

As stated in paragraph 2, it is unwise to depend upon 
a single prediction, as anyone forecast involves 
assumptions which may either be doubtful at the time 
the forecast is made or insupportable over the entire 
forecast period. In a realistic way the CRATER method 
provides for cross-checking of forecasts. There are 
two aspects to this reconciliation stage; first the 
comparison of independent forecasts of the same quantity, 
and second an examination of related quantities to 
establish whether past relationships have been maintained, 
and to account for changes. In practice these two are 
not always distinct from each other. 

ITe8 

Reconciliation involves qualitative jUdgements based on 
the forecasters experience as well as quantitative analys~ 
and is not considered suitable for computerisation. Work 
is still proceeding on the development of a well defined 
manual routine which will be sufficiently flexible to 
cater for the widest possible variety of problems. The 
aim of the pro'cess is the pr'oduction of a coherent traffic 
profile to form ' the basic f~amework for an exchange 
design, to which all sub.-forecasts (e.g route forecasts) 
are linked. The key components of the profile are 

0::: Z LUll: Z ... U « z 0. u : z ~ l .. 

~ ~ lE ~ In C 

originating traffic and terminating traffic. These 
can be forecast as measured traffic quantities and also 
in calling rate terms (see paragraph 2). The advantage 
of calling rate forecasts is that predicted changes in 
exchange connexions growth can be accommodated whereas 
traffic extrapolations depend on connexions growth 
being consistent with historical achievement. In fact 
even the connexions classes for which calling rate 
estimates are made are not homogeneous and canbe affected 
by changes in the growth patterns of their components. 
For instance an overall business calling rate is the 
combination of single and multiline rates which are known 
to be different (see table). 

AVERAGE QUARTERLY CALL BILLS 

TYPE OF LINE CALL BILL/LINE (r.) 

Residential 4.92 
Single Business 16.80 
Small PBX (2-10 lines) 56.06 

Large PBX (11 + lines) 100.28 
All PBX 64.03 
All Business 27.34 

(1974 figures) 
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DESCRIPTION OF THE CRATER COMPUTER MODEL 

1. THE GENERAL RmRESSION MODEL 

The general model is:-

Yi h + a exp { bti + 

i=1, •••• ,n. 

where Yi is the traffic or calling rate level for 
month ti 

h is the steady state parameter (to be 
estimated) 

a is the exponential constant (to be estimated) 

b is the time trend parameter (It " " 
ti is the time value of the ith reading. 
Note that in general the n readings cover a 
timespan greater than n months. 

d ij is a dummy variable which takes a value 1 
of month ti is a member of seasonal group j and 
o dtherwise 

mj is the parameter corresponding to the jth 
seasonal effect (to be estimated). 

f .. is a dummy variable which takes a value 1 
irJthe ith step change operates at month ti, 
and 0 otherwise 

5l. is the parameter corresponding to the 1 th 
step change (to be estimated). 

ei is an error term 

In this form the curve has a convex shape; a concave 
shape can be achieved by the transformation 

g - Yi where g is a constant > mrc (n) 

In this case the steady state value is g-h. 

The linearised regression equation is: 

1 k orE.. 
Yi = log (n" h) = log a + b \ + Ldij mj +Lfil SI +Ei 

e e j =1 1 =1 

2. ESTIMATION OF PARAMETERS 

The general equation above can be expressed in matrix 
form as: 

1 
Y T u + e 

where y 1 and e are n xi column vectors, ~ is a (k+p+2) X 1 

column-vector and T is an nx (k+p+2) matrix. 

For a particular value of h least squares multiple 
regression can be used to estimate the values log a, b, 
mj j=1, ••• ,k, sl' 1=1, ••• ,~ The normal equations are: 

T t T u 

which yields estimates: 
A 
U 

-1 
(Tt T) Tt 1 

l 

From y the fitted values i 1 corresponding to the transfo~ 
values Z1 can be calculated, and hence the fitted values 
l corresponding to the original measured values ~, using 
the relationship: 

Y i exp { n 1 } + h 

ITC8 
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(For a concave curve y. = exp { Yi 
1

} + h and Yi = g - y:) 
The error sum of squares of 1he original values is then: 

t "t "-
l 1.. l l 

The optimum value of h is found by minimising this 
quantity using an iterative process. 

For example, for a series of 3 years of consecutive 
monthly values beginning with a January reading, a 
seasonal pattern of June, July and August peak periods, 
and a step operating with effect from October of the 
first year, the model would be: 

log 

Y1- h 
Y2- h 
Y3- h 
Y4- h 
Y5- h 
Y6- h 
YT h 
Y8- h 
Y9- h 
Y10-h 
Y11-h 
Y12-h 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

o 
o 
o 
o 
o 
1 
1 
1 
o 
o 
o 
o 

o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
1 
1 
1 

Note: the first 12 entries of column 3 of T are repeated 
in the remaining 24 rows. 

The equations are re-solved with varying values of h 
until the value which minimises the error sum of squares 
is found. 

3. VALIDATION OF THE MODEL 

All trend curves can only be approximations of reality 
and do not in any sense explain past growth It is of 
course possible to use time series analysis' to extract 
the fullest information from past data but this requires 
far better historic data than the BPO has available and 
in any event is very costly in computational effort and 
is unlikely to be superior to other less rigorous 
regression methods in forecasts beyond 2 years ahead. 

The trend curve analysis proposed in this paper is 
considered to be a balanced choice in the trade off 
between computational cost and adequate representation of 
historic movement. The solution of the problem of how to 
allow for abrupt changes in level is a good example of 
the trade-offs involved. 

The two alternatives are to allow:-

i) A step in the steady state parameter h 

ii) A step in the exponentiated variables as 
illustrated in the example in paragraph 2 above. 

The first alternative involves substantially higher 
computing costs since it involves a second iterative 
routine. In practice the second alternative has been 
found to be perfectly satisfactory provided the routine 
checks outlined below are made. 

3.1 TESTING THE SIGNIFICANCE OF THE REGRESSION PARAMETERS 

Because the parameter vector y has been estimated using 
least squares methods, a covariance matrix is available 
and hence hypothesis testing of the parameters is 
straightforward. The most fundamental test is of the 
null hypothesis that a particular effect is insignificant-

1. Box-Jenkins Times Series Analysis Forecasting and 
Control Holden Day 1974 



that a particular parameter value may be zero - and in 
fact the "t" test for this hypothesis is produced for 
each parameter as a matter of routine. The data may 
be re-processed as necessary if any parameter proveB 
insignificant. An estimate of the variance of h, the 
steady state value, found by iteration, is not available. 
However, this quantity is important for producing 
viable medium term forecasts and tests indicate that 
medium term forecasts are not markedly sensitive to 
moderate variations in h. 

3.2 TESTING FOR SERIAL CORRELATION 

The presence of serial correlation among the residuals 
of the data series is an indication that important 
unidentified influences remain, and signals the need for 
re-appraisal of the data. It may subsequently be possible 
to accommodate the effects, either by adjusting the data 
priQr to analysis, or within the model, for instance by 
introducing a step change. Sometimes, however, this is 
not possible, in which case the forecasts and in partic~ 
the confidence intervals must be treated with appropriate 
caution. 

A test for serial correlation is incorporated in the 
CRATER programs. This is the Durbin-Watson (D.W) 
statistic which examines residuals for correlation at lag 
1. The D-W statistic is computed using the formula: 

n-1 1 

L (Yi 
1\.1 ( 1 

- Y ) Yi+l 
11.1 

-Yi+1) 

D-W 2 2 x i=1 
n 1 _ ~:)2 L (Yj J 

j = 

For uncorrelated residuals the expected value of 

n-1 

~ 
is zero and thus the statistic has an optimum value of 2. 

4. FORECASTING 

When a satisfactory regression model has been 
established it is possible to produce forecasts. The 
forecast trend line incorporates the identified seasonal 
pattern, as do the confidence intervals for the mean 
trend value and prediction intervals for individual 
records. The estimated variance of a future level does 
not contain a component reflecting the variance of h, 
and thus the · intervals produced somewhat underestimate 
the true values. However for medium term forecasts the 
difference can be neglected and the confidence and 
prediction intervals used without modification provided 
serial correlation in the residuals has been eliminated. 

The forecast for y1 at time ~ is given by: 

y1 = t u where! = (1 tF dF1 dik fF1 fFp) 

Then if cr2 1,1 t 1,1 11 t tr 
(n-k-p-2) 

cr 2 (1+~(TtT)-1tt 

1 
The required confidence interval for y F is 

y1F :!: 2 j Var (y;) 

. . 1 1 Denoting the upper and lower h.ml. ts bY-if F and1y F ' the 
approximate 95% confidence limits for YF are: 

exp + h 

and exp + h respectively. 
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