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INTERNATIONAL TRAFFIC VOLUME FORECASTING 

A. LEWIS AND J.M. CLAUDIUS 

TELEGLOBE CANADA 

ABSTRACT 2. CHOICE OF PARAMETERS 

A new model for forecasting telephone traffic 
volumes between two countries has been deve
loped with the form. 

Volume = a.(#of telephone sets in less deve
loped country) +b.(phone density in 
less developed country) +c.(llof 
telephone sets in more developed 
country) +d. 

Comparisons with time series have been per
formed; the results showed that, in general, 
the above formula gives more accurate fore
casts. This paper also provides methods for 
estimating statistical data when missing and 
computing forecasts when data is unavailable 
(using grouping). 

1. NEED 

Well proven methods exist for preparing 
forecasts of international telephone 
traffic between countries with establi
shed relations and a moderate level of 
telecommunications development. 

These methods have been observed to not 
perform satisfactorily when one of the 
countries involved has a relatively low 
level of telephone development. Thus, it 
becomes necessary to find a simple and 
accurate method of estimating traffic 
volumes for this case. Here is a simple 
and exact consideration: to have a tele
phone conversation, telephone sets are 
required. This fact gives the hypothesis 
that the traffic volumes are closely re
lated to the number of telephones. This 
holds particularly true in those coun
tries where the telephone equipment is a 
lim.iting factor. 

In the following pages, this considera
tion will be used to quantify the traf
fic flow in order to forecast a future 
demand. 
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The availability of statistical data is a 
very important consideration, in · fact 
even the International Telecommunication 
Union (ITU) yearbook of statistics [1] is 
far from being complete. However, there 
are a few items well described for most 
countries including many of those wi th 
low levels of telephone development. 
These are: 

- the number of telephone stations 
(sets), 

- the number of mainlines, 
- the number of inhabitants, 
- telephone mainlines per 100 inhabi-

tants, 
- telephone stations (sets) per 100 in

habitants. 

In a study called "Some Aspects of Trunk 
Traffic Forecasting" by K. Mirski [2], 
the effect of telephone density on the 
number of calls generated by one sub
scriber has been demonstrated. 

The model should thus make use of both 
the number of telephones and the density; 
available statistical data includes tele
phone lines and telephone sets as well as 
densities for both lines and sets. Since 
a priori there was no basis for deciding 
which to use, both were statistically 
tested. A linear regressionwas performed 
for 44 countries usingeach time the fol
lowing 8 available independent variables: 

- number of telephones in country x, 
- number of lines in country x, 
- number of telephones per 100 residents 

in country x, 
- number of lines per 100 residents in 

country x, 
- number of telephones in Canada, 
- number of lines in Canada, 
- number of telephones per 100 residents 

in Canada, 
- number of lines per 100 residents in 

Canada. 

Since the objective was a model for fore
casting traffic between Canada and other 
countries, naturally Canadian statistics 
are involved. 
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In all 44 cases, the dependent variable 
was paid minutes of telephone traffic be
tween country x and Canada. 

Stepwise, multiple regression analysis 
was used involving re-examination at 
every stage of the variables incorporated 
nto the model. This process is continued 
until no more variables will be admitted 
to the equation and none are rejected. 
Since not all of the 8 variables are pre
sent at the final stage, it was possible 
to detect the variables most frequently 
used in all 44 countries. From 8 vari
abIes, the number boiled down to four, 
Le. : 

- the number of telephone sets in 
country x: Nx 

- the number of telephone sets in Canada: 
Nc 

- the phone density in country x: 
Dx 

- the phone density in Canada: 
Dc 

The next step was to test the strength of 
the relation between the independent 
variable paid minutes and each of the 
four variables listed above. The results 
showed the probability that these vari
ables taken individually have no effect 
upon the paid minutes: 

- for Nx the probability is: .35 

for Nc .33 

for Dx • 34 

for Dc .4 

From the fac t that these are averages 
(for 44 countries) one must understand 
that small changes indicate an important 
difference, and therefore we excluded the 
phone density in Canada from the model. 
The three others have been kept. 

This decision appears intuitively cor
rect, since Canada has a very high level 
of telephone development (about 2 tele
phones per 3 inhabitants) and thus the 
density has probably little limiting ef
fect on calling patterns. 

The results now indicate a model of the 
form: 

- paid minutes = f (NX, Nc , Dx ); 

we found that the best combination of 
these variables is the linear combina-
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tion: 

- paid minutes= aNx + bNc + cDx + d. 

To confirm this finding many non-linear 
equations were statistically tested; some 
were more precise inside the interval of 
known data (i.e., a higher R2) but none 
gave better forecasts, i.e., predictions 
beyond the known data. 

3. COMPARISON WITH TIME SERIES: 

In order to prove the importance of such 
a result, a regression analysis was de
rived using time as the independent vari
able as is normal practice, and a compa
rison was done using the correlation co
efficient and the forecasts as criteria. 

First, recall that adding independent 
variables to a model can only increase R2 
(correlation coefficient) and never re
duce it. Since R2 often be made large by 
including a large number of variables, 
there exists a modified measure that re
cognizes the number of independent vari
ables in the model. The "adjusted coef
ficient of multiple determination", de
noted R2 is defined: 

a 

R2 l-(n-l) SSE 
a (n-p) SSTO 

SSE Sum of Squares Error 
SSTO= Sum of Squares Total 

where: n number of observations 
p-l = number of ind. variables • 

R2 may become smaller when another 
a independent variable is introduced 

into the model. The average R2 and R2 
for the 44 countries are listed a below: 

quadratic with time 
new model 

.899 .824 

.899 .775 

From R2 one can see that the regressions 
equivalently fit the given points. It 
does not provide infomration about how 
good would be an eventual forecast. R2 
confirms this equivalency by a being a 
being lower in the new mode. 

To test if the variables are part of a 
better model, the forecasts generated by 
the new formula are compared wi th the 
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ones coming from the time model in the 
following way. 

Values for the number of phones in coun
try x (Nx ) for the number of phones in 
Canada (Nc ) and for the phone density in 
country x (Dx), were derived for 1982 
using the values of 1975 to 1981; each 
variable had its own quadratic regression 
with time. These values (for 1982) were 
plugged in the equat i on: 

PD MIN = a Nx + bNc + cDx + d 

where a, b, c & d were given by the re
gression analysis using known data of 
1975 to 1981. Then a forecast was found 
for 1982 using the quadratic with time 
based on 1975 to 1981 . Each forecast was 
compared with the known value of 1982. 

The average relat ive e rrors for 44 coun
tries were found to be: 

quadratic ~ith time: 16.8% 
best forecast for 15 countries 

new model 15.1% 
best forecast for 27 countries 

(for mor e details, see Table I). 

Since the quadratic with time performed 
poorly compared to the new model, a lin
ear fit with time was tested but the re
sul ts were worse than with the quadratic. 

4. GROUPING ' 

For several developing countries, statis
t l.cal figures are either inexistant or 
found to be inhomogenous, thus making a 
statistical analys · s meaningless. In 
other cases, vo111"1edata is unavailable 
due to the introuu • Lon of a new route. 
Sometimes also a wh le new telephone sys
tem is being established and needed past 
statistical data is obviously inexistant. 

In these cases the forecast can be compu
ted using parameters derived for a group 
of countries having a similar telephone 
development. 

In this study we used both density and 
number of te lept,..: ... e sets as parameters 
for grouping. The r eas ons for us i ng both 
factors are as follows: on one hand t he 
number of telephones gives a quantitive 
use of these telephones. On the other 
hand the phone density is a qualitative 
variable which provides an indication 
about the phoning habits of a subscriber 
but is unable to solely quantify the 
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demand. It follows that since these fac
tors are complementary, they will toge
ther describe the traffic accurately. 

Many relations between these two vari
ables were tested for developing coun
tries and eventually a useful relation 
was found: 

I(DX + 1) • Nx [1] 

where Dx = # of ph./100 res. in 
country x 

Nx = # of telephones in country x. 

This equation represents the geometric 
mean of (Dx + 1) and Nx • 

Forty-four countries were first ranked 
using equation [1], and then ranked 
following the paid minutes to Canada 
recorded in 1982. R2 (correlation coef
ficient) between the two ranks was found 
to be .85. 

Then the 44 countries were clustered into 
4 groups and constants found for the ave
rage equation for each group. These were 
then used to produce forecasts for each 
country for comparison with actual values 
and forecasts developed individually for 
each country. 

The results are given in Table 11. Natu
rally, individual forecasts perform bet
ter then forecasts using group constants 
but these done with group constants are 
sufficiently good to be used when indivi
dual data is lacking. 

5. ESTIMATING THE INDEPENDENT VARIABLES 

The ease of finding the data needed is 
the first constraint to this estimate, 
precision being the second. Two methods 
are proposed: 

1. Obtain from the local telecommunica
tion carrier of the country data for 
the numbers of phones and popula
tion. Then by dividing the number of 
phones by the number of 100 inhabi
tants, one gets the phone density. 
Note that one should look for cons is
tancy between obtained data and past 
statistics if available. 

2. CCITT GAS 5 has published a study [3] 
which shows a correlation between the 
GNP (gross national product) and the 
telephone density. The logaritmnic 
regression was: 
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log (Tp. dens.) .. 1.303 log (GNP) -
3.353 

Multiplying the phone density by the num
ber of hundred inhabitants gives the num
ber of telephones. To find the GNP, one 
can consult World Bank publications. The 
number of inhabitants is also provided in 
these publications. 

6. CONCLUSION 

The scarceness of statistical data for 
countries having a developing telecom
munication system, calls for a simple, 
naturalistic forecasting method. Statis
tical and comparative analysis showed 
that, for these countries, the new model 
is a slight improvement over time series 
when statistical data exists. 

A grouping method has been used to pro
vide forecasts whe~e past statistical 
data is not available. Although of lower 
accuracy, this method will give a general 
indication of future demand. 

Another possible application of this 
model is in long term forecasting but 
only preliminary work has be"en done on 
this. 
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TABLE I 

FORECASTING FOil 1982 

ACTUAL NEW MODEL RELATIVE TIME SERIES RELATIVE 
COUNTRY VALUE FORECAST ERROR FORECAST ERROR 

Angola 1 930 1 847 4% 2 390 24% 
Argentina 650 398 646 945 0.5% 728 196 12% 
Botswana 6 900 5 605 18% 8 427 22% 
Brunei 34 024 38 292 12% 39 382 13% 
Colombia 536 969 600 374 12% 753 555 40% 
Congo 1 461 904 38% 995 32% 
Costa Rica .. 256 069 230 601 10% 312 132 22% 
Cuba 95 035 89 725 5% 86 161 9% 
Djibouti 1 488 408 72% 229 85% 
Ecuador 226 439 257 391 13% 257 209 13% 
El Salvador 154 178 224 767 46% 199 869 30% 
Fiji 359 312 429 517 19% 448 672 25% 
Ghana 12 799 9 811 23% 9 670 24% 
Hungary 365 322 445 800 22% 455 536 25% 
India 810 866 774 480 4% 772 234 5% 
Indonesia 205 080 194 112 5% 197 825 4% 
Kenya 244 989 251 158 2% 254 081 4% 
Kuwait 149 904 148 199 1% 150 532 0.4% 
Madagascar 2 303 2 846 23% 2 313 22% 
Malawi 12 043 13 068 8% 13 083 9% 
Malaysia 720 820 911 053 26% 926 723 29% 
Mauritius 33 146 35 596 7% 35 852 8% 
Morocco 168 535 169 236 0.3% 174 199 3% 
Neth. Ant. 48 126 40 756 51% 40 101 52% 
Niger Rep. 4 729 3413 28% 4 862 3% 
Pakistan 337 077 459 924 36% 422 754 25% 
Panama 111 107 118 344 6% 125 095 13% 
Papua N.G. 20 464 20 266 1% 24 632 20% 
Paraguay 21 901 22 283 2% 22 558 3% 
Poland 345 943 320 750 7% 327 409 5% 
Rhodesia 43 570 40 552 7% 43 898 0.7% 
Rwanda 1 910 895 47% 1 296 32% 
Seychelles 3 257 3 090 5% 3 238 0.6% 
South Africa 826 203 931 722 13% 945 002 14% 
Sri Lanka 77 845 77 033 1% 89 108 14% 
Swaziland 10 367 10 575 2% 10 383 0.1% 
Syrian Afr. 92 948 89 733 3% 88 098 5% 
Tanzania 87 126 88 954 2% 105 077 21% 
Thailand 106 454 92 729 13% 97 664 8% 
Togo 6 696 4 930 26% 4 745 29% 
Tonga 4 472 2 877 35% 4 117 8% 
Tunisia 83 497 87 875 2% 85 155 2% 
Uganda 7 829 8 006 2% 7 722 1% 
Zambia 23 246 24 537 5% 28 038 21% 

AVERAGE 15.1% 16.8% 
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TABLE 11 

GROUPIlfG AIm FOKECASTS FOR 1982 

ERROR OF 
ACTUAL RELATIVE INDIVIDUAL 

COUNTRY GROUP VALUE FORECAST ERROR FORECAST 

Angola 1 1 930 5 005 159% 4% 
Argentina 4 650 398 428 804 34% 0.5% 
Botswana 1 6 900 3 427 50% 18% 
Brunei 2 34 024 58 289 71% 12% 
Colombia 4 536 969 307 009 43% 12% 
Congo 1 1 461 3 528 141% 38% 
Costa Rica 3 256 069 250 329 2% 10% 
Cuba 3 95 035 201 331 111% 5% 
Djibouti 1 1 488 2 259 51% 72% 
Ecuador 3 226 439 150 380 33% 13% 
El Salvador 3 154 178 74 278 52% 46% 
Fiji 3 359 312 866 571 75% 19% 
Ghana 1 12 799 5 789 54% 23% 
Hungary 4 365 322 342 256 6% 22% 
India 4 810 866 177 422 78% 4% 
Indonesia 3 205 080 117 098 43% 5% 
Kenya 3 244 989 126 663 48% 2% 
Kuwait 3 149 904 275 348 83% 1% 
Madagascar 1 2 303 4 049 75% 23% 
Malawi 1 12 043 4 797 60% 8% 
Malaysia 4 '720 820 190 326 73% 26% 
Mauritus 2 33 146 50 497 52% 7% 
Morocco 3 168 635 95 531 43% 0.3% 
Neth. Ant. 3 84 126 159 371 89% 51% 
Niger Rep. 1 4 729 1 877 60% 28% 
Pakistan 3 337 077 94 867 71% 36% 
Panama 3 111 107 188 040 69% 6% 
Papua N.G. 2 20 464 38 563 88% 1% 
Paraguay 2 21 901 46 059 110% 2% 
Poland 4 345 943 496 153 43% 7% 
Rhodesia 3 43 570 124 838 186% 7% 
Rwanda 1 1 910 1 251 34% 47% 
Seychelles 1 3 '257 5 752 76% 5% 
South Afr. 4 826 203 521 802 37% 13% 
Sri Lanka 2 77 845 38 662 50% 1% 
Swaziland 1 10 367 3 892 62% 2% 
Syrian Ara. 3 92 948 236 225 154% 3% 
Tanzania 2 87 126 38 761 55% 2% 
Thailand 3 106 454 146 861 38% 13% 
Togo 1 6 696 1 923 71% 26% 
Tonga 1 4 472 2 068 53% 35% 
Tunisia 3 83 497 125 881 51% 2% 
Uganda 1 7 829 4 176 46% 2% 
Zambia 2 23 246 35 210 51% 5% 
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