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Abstract 

Plans for the implementation of INTELSAT 
system capacity are developed in accordance with 
user- supplied, long- term traffic forecasts which 
are updated periodically. Taken collectively, 
these forecasts are referred to as the Integra
ted Traffic Data Base (ITDB). A study of the 
growth trends inherent in the ITDB projections 
have led to a simple stati stical method for de -
riving upper and lower bounds for selected traf
fic streams, which, in turn, define a useful 
range of forecasts for performing sensitivity 
analyses of alternative future systems . 

1. Introduction 

This paper presents a description of recent 
work carried out within INTELSAT by way of ana
lyzing growth trends in the long- term projec
tions of user requirements. This work was ini 
tiated with the objective of investigating to 
what extent growth rate profiles, whether per
taining to the total requirements of a region or 
to an aggregation of select traffic paths, might 
lend themselves to statistical analyses. Two 
parameters are quantitatively determined by 
means of a least squares regress ion procedure. 
A third parameter is used as a measure of the 
dispersal of the projected growth rates around 
the time trend curve . Since a given profile of 
growth rates spans a forecast period of fifteen 
years, this approach accomplishes a five - fold 
reduction in the data required to characterize 
that profile. 

What follows is a description of the ITDB 
along with a discussion of how it is assembled, 
a presentation of the statistical technique used 
to analyze growth trends within the ITDB while 
establi shing bounds of variability, and an ex
amination of how the technique is being applied 
to specific traffic aggregates in order to ar
ri ve at upper- bounds and lower- bounds for pur
poses of sensitivity analyses of satellite con
figurations expected to serve INTELSAT's future 
needs . -

2. Integrated Traffic Data Base 

The development of system plans for communi 
cations satellites carrying international ser
vice requires an estimate not only of volumes of 
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circuit demand but also of the interconnectivity 
required to accommodate the large number of 
paths which consti tute the global network. 
Furthermore, an international network connects 
countries wi th telecommunications infrastruc
tures ranging from the most highly developed to 
the relatively undeveloped. INTELSAT stud
ies1 have shown that it would be impracticable 
to recommend a forecasting method for general 
application by all users because of the wide 
diversity of needs in terms of types of service 
and growth rates. 

The user community provides forecasts for 
determining assignments of available capacity to 
indi vidual earth stations. Init ially, forecasts 
were no more than agreed sets of guesses cover
ing the immediate five year period. Gradually, 
such factors as the establi shment of wideband 
communication facilities and the expansion of 
subscriber trunk dialling became better under
stood, and the forecasts are now assembled on 
the basis of established guidelines . 

Within a short time, it was also realized 
that the demand for capacity was likely to re 
main very high for the foreseeable future. 
Satellite technology was developed rapidly, and 
the building of satellites with capacities of 
the order of several thousand circuits was per
ceived as practicable. However, the lead time 
for a satellite to be placed in orbit and ready 
for operation is six-to- eight years and, as the 
life expectancy of a satellite in orbit grew to 
more than five years, the need for long-term 
forecasts became imperative. 

INTELSAT's response to these developments 
was a pragmatic one: the scheme of assembling 
the forecasts for five years was extended to 
fifteen years. This composite forecast, called 
the Integrated Traffic Data Base (ITDB), con
sists of a set of circuit £orecasts provided by 
individual user-administrations either already 
operating or planning to operate within the 
INTELSAT network. These forecasts are compiled 
on a path-by- path and satellite- by- satellite 
basis according to category of services, i.e., 
voice, record (voice frequency telegraphy) , 
alternate voice data, and data at both low and 
high transmission rates. Separate sections of 
the ITDB are maintained for the s ingle- channel
per-carrier (SCPC). the companded FDK/FK (CFDK) 
and the combined FDK/FK and TDKA operating modes . 
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The fifteen- year period of the ITDS is thus 
subdi vided into two parts, the first part being 
comprised of five - year (short- term) "agreed" 
circuit forecasts collected once a year at a 
specially-convened Global Traffic Keeting. The 
forecasts submitted are on the basis of bilater
al agreements reached at the Keeting. The 
second part of the ITDS is comprised of the re
maining ten-year (long- term) forecasts collected 
every two years and expressed either in terms of 
circui ts or in terms of annual growth percen
tages. While bilateral agreement is considered 
desirable, it is not mandatory, and entries are 
made to the ITDS if either correspondent fore 
sees a service requirement. 

This approach for compiling the ITDS leaves 
flexibility to the user- entities to develop 
forecasting techniques best suited to their own 
circumstances, but it does little to reduce the 
year- by- year variations and perturbations of 
demand assessment caused by differences in the 
bases of forecasting on a global scale. Sy way 
of providing an example of the resultant fore 
casts, Table 1 contains an excerpt from a recent 
ITDS relating to a particular country's links 
planned for operation in the Atlantic Ocean 
Region. 

3. Long-Term Growth Trends 

The pattern of growth in the IT OS forecasts 
for each bilateral relationship, and therefore 
for each ocean region, depends upon a large 
number of factors which vary in their relevance 
to the forecasts themselves . While the annual 
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growth rates within a relationship could be 
governed by a set of particular circumstances, 
the requirements of the very many paths in a 
region are generally not always interdependent . 
For similar reasons, variability in the fore 
casts prepared in succeeding years also tends to 
mask the contributory factors. It is therefore 
considered useful to examine if the annual grow
th rates built into the demand estimates provid
ed by the users and associated with a traffic 
profile could be represented by a simple time 
trend curve. It was found that a time- trend 
curve could be selected requiring the specifica
tion of only two parameters and that a third 
paramater could then be derived to describe the 
dispersal of the forecast growth rates around 
the values established by the time- trend curve. 
Since the ITDS spans a period of fifteen years, 
this method accomplishes a five - for- one reduc
tion in the data required to describe the pat
tern of growth in each link, or in a region 
containing an ensemble of links. 

The curve used in this analytical treatment 
relates annual growth rates to time as follows : 

(1) 

where "i" represents a given year within the 
ITDS time frame and where ki is the growth 
rate estimate for year "i". The parameter .. s .. 
equals the instantaneous rate of growth or decay 
of the curve over the fifteen year period 
throughout the fifteen years. The curve is 
fi tted to a given profile of growth rates by a 
least- squares regression after employing a 
logari thmic transformation so that equation (1) 

1 
FORMAT OF I.T.D.B. PROJECTION OF SATELLITE CIRCUITS 

ON SOME ATLANTIC OCEAN REGION LINKS 

ORIGINATING COUNT.' 

TERMINATING COUNTRY 1982 1983 198~ 1985 1986 1981 1988 1989 1990 1991 1992 1993 199~ 1995 1996 

COUNTRY A 

COUNTRY B 
VOICE 10 12 16 20 22 25 28 31 35 39 4~ 49 56 63 71 
RECORD 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 
AVD 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 
TOTAL 12 H 18 22 2~ 27 30 33 37 43 48 53 60 67 75 

COUNTRY C 
VOICE 0 3 3 ~ 4 4 5 5 6 6 1 8 9 9 10 
TOTAL 0 3 3 4 ~ 4 5 5 6 6 1 8 9 9 10 

COUNTRY 0 
VOICE 0 3 1 11 1~ 16 11 19 22 24 21 30 3~ 38 43 
RECORD 0 1 1 1 1 1 1 1 1 2 2 2 2 2 2 
AVD 0 1 2 2 2 2 2 3 3 3 3 4 " ~ 5 
DATA 0 2 2 2 3 3 It ~ 4 5 5 5 6 1 7 
TOTAL 0 7 12 16 20 22 24 27 30 34 37 ~1 46 51 57 

COUNTRY E 
vOJCe 0 0 0 0 19 21 24 26 29 33 31 oH 46 52 58 
RECCRD 0 0 0 0 1 1 1 1 1 2 2 2 2 2 2 
A~D 0 0 0 0 1 1 1 1 1 2 2 2 2 2 2 
OATA 0 0 0 0 1 1 1 1 1 2 2 2 2 2 2 
TOTAL 0 0 0 0 22 24 27 29 32 39 43 47 52 58 64 

COUNTRY F 
VOICE 15 22 24 26 28 31 35 39 1t3 1t8 54 61 68 16 85 
ReCORD 0 0 0 1 1 1 1 1 1 2 2 2 2 2 2 
AVD 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 
TOTAl 16 23 25 28 30 33 31 U ~5 52 58 65 7Z 80 89 
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is expressed as a strai~ht line: 

loge ki = 109& A + Bi (2) 

If q is taken to be the projected growth rate 
for year "i", then equation (2) may be rewri t.ten 
as: 

(3) 

In the above equat.ion e is the residual between 
logeri and the value estimated by equation 
(2) . When expressed in exponential form, equa
tion (3) becomes: 

(4) 

since the least.- squares procedures requires t.hat 
all e' s have a mean value of zero, and if the 
assumption is made that the e's are randomly 
distributed about their mean value, equation (4) 
suggests that a range of dispersion may be 
defined in accordance with: 
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where equation (5) and (6) are t.he respective 
upper 1 imi ts and lower 1 imi ts of t.be range and 
where a is the st.andard deviation of tbe fif
teen values of e . 

Figure 1 shows how equations (1). (5) and 
(6) are applied t.o the annual growth rate of a 
sample traffic stream. Four of t.he fifteen data 
points fall outside of the "one si~ma" curves 
defined by equation (5) and (6). meaning that 
about 73~ fall within. Tbe value of for t.his 
case is 0 . 252 which yields an upper limit: curve 
that is 28. 7~ above tbe time-trend curve 
throughout the forecast period. The lower limit 
curve is 22.3~ below. . 

It is useful to examine the presumption t.hat 
e is randomly distributed. Por this purpose, 

this curve- fitting method was applied to a large 
aggregate of individual links in each of the 
three ocean regions. The results are summarized 
in Table 2. The residua1s on each link were 
normalized by dividing each e by its corre
sponding a. The frequency distributions shown 
in Table 2 are of t.hose normalized residuals. 
The three distributions are seen to be symmetri 
cal and bell-shaped. In the remaining discus-
sion of this paper e will be assumed t.o be 
normally distributed. 

TIME-TREND CURVE 

8 9 10 11 12 13 14 

FIGURE 1. TIME-TREND ANALYSIS OF ANNUAL GROWTH 
RATES FOR SAMPLE TRAFFIC STREAM 
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TABLE 2 
RESULTS FROM APPLICATION OF CURVE·FITTING PROCEDURE TO 

A LARGE SAMPLE OF INTEGRATED TRAFFIC DATA BASE LINKS 

Number of 
Ocean Region Links Sampled 

Atlantic 27? 
(Avg. C1 • 0.387) 

Indian 210 
(Avg. C1 ·0.406) 

Pacific 46 
-(Avg. C1 ·0.343) 

Frequency Distribution 
of Normalized Residuals 

-4.0 TO -3.5 - 0 RESIDUALS 
-3. 5 TO -3. 0 - 38 RESIDUALS 
-3.0 TO -2.5 - 72 RESIDUALS 
-2.5 TO -2.0 - 70 RESIDUALS 
-2.0 TO -1. 5. 88 RESIDUALS 
-1.5 TO -1.0· 174 RESIDUALS 
-1.0 TO -0.5· 518 RESIDUALS 
~ ~-nT8'RESIi5UALS 

0.0 TO 0.5 - 996 RESIDUALS 
0.5 TO 1.0· 574 RESIDUALS 
1. 0 TO 1. 5· 348 RESIDUALS 
1.5 TO 2.0 - 122 RESIDUALS 
2.0 TO 2.5 - 34 RESIDUALS 
2. 5 TO 3. 0 - 20 RESIDUALS 
3.0 TO 3.5 - 8 RES!DUALS 
3.5 TO 4.0· 0 RESIDUALS 

-4.0 TO -3.5 -
=37S"ro =3. 0". 
-3.0 TO -2.5 -
-2.5 TO -2.0 • 
-2.0 TO -1.5 -
-1.5 TO -1.0 -
-1.0 TO -0.5 • 
-0.5 TO 0.0-

0.0 TO 0.5-
0.5 TO 1.0· 
1.0 TO 1.5-
1.5 TO 2.0-
2.0 TO 2.5-
2.5 TO 3.0-
3.0 TO 3.5· 
3.5 TO 4.0-

-4.0 TO -3.5 -
-3.5 TO -3.0 -
-3.0 TO -2.5 -
-2.5 TO -2.0 -
-2.0 TO -1.5 -
-1.5 TO -1.0 -
-1.0 TO -0.5 -
-0.5 TO 0.0-

0.0 TO 0.5· 
0.5 TO 1.0-
1.0 TO 1.5-
1.5 TO 2.0-
2.0 TO 2.5-
2.5 TO 3.0-
3.0 TO 3.5-
3.5 TO 4.0· 

o RESIDUALS 
24 RESIDUALS 
40 RESIDUALS 
69 RESIDUALS 
64 RESIDUALS 

163 RESIDUALS 
427 RESIDUALS 
768 RESIDUALS 
675 RESIDUALS 
477 RESIDUALS 
285 RESIDUALS 

83 RESIDUALS 
50 RESIDUALS 
8 RESIDUALS 
2 RESIDUALS 
o RESIDUALS 

o RESIDUALS 
2 RESIDUALS 
6 RESIDUALS 

13 RESIDUALS 
24 RESIDUALS 
32 RESIDUALS 
89 RESIDUALS 

188 RESIDUALS 
14 7 RESIDUALS 

83 RESIDUALS 
56 RESIDUALS 
14 RESIDUALS 
13 RESIDUALS 

8 RESIDUALS 
o RESIDUALS 
o RESIDUALS 

Frequency Dhtribution 
of the "B" Parameter 

-0.300 TO -0.250 - 0 LItaS 
-0. 250 TO -0. 200 - 0 LINKS 
-0.200 TO -0.150 - 12 LItaS 
-0.150 TO -0.100 - 74 LINKS 
-0.100 TO -0.050 - 106 LINKS 
-0.050 TO 0.000 -~ 

0.000 TO 0.050 - 12 LINKS 
0.050 TO 0.100 - 2 LINKS 
0.100 TO 0.150 - 0 LINKS 
0.150 TO 0.200 - 0 LINKS 

-0.300 TO · -0.250-
-0.250 TO -0.200 -
-0.200 TO -0.150 -
-0.150 TO -0.100 -
-0.100 TO -0.050 -
-0.050 TO 0.000-

0.000 TO 0.050-
0.050 TO 0.100-
0.100 TO 0.150-
0.150 TO 0.200-

-0.300 TO -0.250 -
-0.250 TO -0.200 -
-0.200 TO -0.150 -
-0.150 TO -0.100 -
-0.100 TO -0.050 -
-0.050 TO 0.000-

0.000 TO 0.050-
0.050 TO 0.100-
0.100 TO 0.150-
0.150 TO 0.200-

o LINKS 
o LINKS 

14 LINKS 
48 LINKS 
94 LINKS 
54 LINKS 
o LINKS 
o LINKS 
o LINKS 
o LINKS 

o LINKS 
o LINKS 
2 LINKS 
4 LINKS 

12 LINKS 
16 LINKS 
10 LINKS 
2 LINKS 
o LINKS 
o LINKS 

The frequency distribution for the parame
ter "s" exhibits a similar symmetry and is ne
gati ve in value for more than 95," of the links 
sampled. Furthermore, nearly half of the links 
have values of "B" of between - 0.05 and -0.10 
which means that the time- trend curves for these 
links have instantaneous decay rates of between 
5'" and 10'". 

To accomplish this, a few definitions are in 
order: let Xi equal l+ri (the growth rate 
factor for year "i"), let E(Xi) equal the 
expected value of Xi, and let V(Xi) equal 
the vari ance of Xi. Gi ven that Eis normally 
distributed with zero mean and variance equal to 

4. A Basis for Sensitivity Analyses 

Using the results developed in the preceding 
section, it remains to establish a corresponding 
range of traffic profiles which can serve as a 
basis for evaluating prospective satellite de -
signs and system configurations. Put simply, it 
is necessary to translate the range of growth 
rate profiles into a range of profiles represen 
ting compounded growth factors. 
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a , then: 

(7) 

Equation (7) is derived from the fact that the 
random variable Xi is distributed in accordance 
with the logarithmico- normal distribution2 . 
In addition, since: 

(8) 

then: 

(9) 
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The remainder of this 
trates on the derivation 
expression for: 

discussion concen
of a closed~form 

E (Xl. X2 ••••••• Xn) ~ Expected value of the 
compounded growth rate 
factors for years, 1 
through n. 

and 

v ( Xl. X2 ••••••• Xn ) ~ Variance of the com
pounded growth rate 
factors for years, 1 
through n. 

It is useful to first consider only two growth 
factors, Xl and X2' Since Xl and X2 are 
statistically independent: 

which, in turn, implies that: 

Next, it is observed that: 

which may be rewritten: 

where: 

and: 

(15 ) 

The preceding expression may be set forth in the 
more general form: 

where: 

(17) 

By making the appropriate substitutions from 
equations (7) and (9), 

equation (11) becomes: 

and equation (17) becomes: 

(19) 
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Finally, the above result may be combined with 
equation (16) to give: 

(20 

Equation (18) is the expected value of the com
pounded growth factor profile at year "n". Up
per and lower bounds are obtained by respective
ly adding to and subtracting from the profile 
value determined by equation (18) the square 
root of the value determined by equation (20). 

5. Application of the Method 

The analytical method described in this 
paper defines a set of growth- factor trend 
curves the characteristics of which are built 
into the traffic contributions made to the ITDB 
by the user community. The Hmi ts of statisti
cal variability derived from this trend analysis 
may therefore be interpreted as an indicator of 
the impact of a number of mutually independent 
factors upon the realization of traffic . 

To illustrate the method by applying it to 
an actual forecast, the aggregate projection of 
FDM/FM half- circuits in the Pacific Ocean Region 
was selected from the 1982 ITDB. Equations (1), 
(5) and (6) were then applied to the associated 
annual growth rates. The outcome is summarized 
in Table 3. In th is example, a was computed to 
be 0.14297. Table 4 shows the corresponding 
forecasts in terms of numbers of telephone 
channels. 

Figure 2 is an ensemble of plots for the 
three ocean regions. Each of the plots shows 
the range of variations that may be statistical
ly associated with the forecasts for 1990 as 
specified in the ITDB's generated during the 
year, 19"17 through 1982. For each year. four 
points are plotted, representing the trend 

TABLE 3 ANNUAL GROWTH RATES· FOR TOTAL FDM/FM 
TRAFFIC IN THE PACIFIC OCEAN REGION 

YEAR ITDB TIME-TREND UPPER BOUND LOWER BOUND 

1982 2n 20' 23' 18' 
1983 19' 20' 23' 17\ 
1984 17' 19' 22' 17' 
1985 18\ 19' 22' ln 
1986 18' 18\ 21\ ln 
1987 21' 18' 20' 15' 
1988 14' 17' 19' 15' 
1989 13' 17' 19' 15' 
1990 15' 16' 18' 14' 
1991 17' ln 18\ 14' 
1992 16' 1n 18' 13' 
1993 16\ 15\ 17\ 13\ 
1994 1n 15\ 17\ 13\ 
1995 17' 14' 17' 12' 
1995 12' 14\ 16' 12' 

* Rounded to neareat inteqer percentaqe. 
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TABLB 4 YBAR-BND TRAFFIC PROJBCTIONS IN THE 
PACIFIC OCEAN RBGION (PDM/FM Half-Circuits) 

I 
YBAR ITDB I TIME-TRBND HIGH GROWTH LOW GROWTH 

1981 5.734* 

19 et 

1987 

1990 

1993 

1996 

10.066 

17.094 

25.476 

40.098 

61.064 

Actual 

I 
I 

9.914 10.326 9.502 

16.486 17.420 15.514 

26.410 28.194 24.628 

40.890 43.974 37.804 

61.302 66.320 56.290 

raffic carried. 
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value, the upper and lower bounds and the fore
cast value in the ITDB, respectively. 

INTELSAT's long- term forecast data base is 
only five years old. and although it is too 
early to set firm upper and lower bounds within 
which successive years' forecasts may be expec
ted to remain, the developments in the Atlantic 
and the Indian Ocean Regions suggest a see- saw 
pattern which may pefhaps eventually define a 
broad range of variability. For the present, 
since nearly half the forecasts over successive 
years (Table 5) fall within a range of plus IS'
or minus 10'- of the t.rend based values, these 
upper and lower bounds could serve as ini tial 
benchmarks for sensitivity analyses. A trend 
analysis of the forecasts assembled each year 
will continue to be used for reviewing these 
limits. 
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INDIAN OCEAN REGION 
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11.2 

FIGURE 2. COMPARISON BETWEEN LT.D.B. AND TREND MODEL 
FORECASTS FOR END-YEAR 1990 
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TABLE 5 VARIATIONS RELATIVE TO I.T.D.B. FORECASTS 

OCEAN REG ION UPPER BOUND LOWER BOUND 

ATLANTIC +lS~ -lO~ · 

INDIAN +lO~ -lO~ 

PACIFIC +lS~ -lO~ 
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