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Introduction
Space Exploration and Earth Observation from
space using satellites are both still
comparatively young scientific disciplines.
Remote sensing from space was born in the
early seventies, with the advent of the US
Landsat satellite series. It has evolved rapidly
during the past 25 years and today provides a
wealth of information for environmental

their technological sophistication, but also in
terms of their mass and size, has had
implications both for the launch requirements
and ground-segment structures. However, this
trend towards ever larger space infrastructures
has slowly reversed in recent years, due to both
political and financial constraints.

The differences in mission requirements
Today the requirements for Earth Observation
missions are more stringent, and therefore
more resource-hungry, than for Space
Exploration because our knowledge of the
Earth is more advanced. The remote-sensing
observations made from orbit can be directly
validated in the terrestrial environment that is
being investigated. Earth Observation missions
are only justifiable, therefore, if they have clear
advantages over alternative ground-based
measurements. Such advantages can include
time series of data, large-scale synoptic
viewing, and global access and coverage.

Earth Observation missions are generally more
demanding in terms of accuracy, stability,
global coverage, revisit frequency, spatial and
spectral resolution, as the targets have to be
measured with high precision in order to satisfy
the requirements of geo-biophysical retrieval
procedures and the related models. Sea-
surface height, wind speed and surface
temperature are three examples of such
geophysical variables that need to be mapped
frequently and with high accuracy with the aid
of precision space-borne satellite sensors (Fig.
1). It is this combination of measurement
precision and high repetition rate that drives
Earth Observation sensor sizes and masses.

The major advantages of remotely sensed data
lie in the synoptic context that these
observations provide and in their timely
coverage of targets that could only be achieved
with enormous effort if one still had to rely only
on ground-based and airborne measurements.
Many of the more critical applications require
long-term observation and thus a long satellite
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research and other applications that are crucial
to the future of mankind. Over the same time
span, space scientists have started to
investigate both the near-Earth environment
and our planetary system with satellites and
space probes, starting with comparatively
simple ‘particles and fields’ missions and
progressing to complex, largely autonomous
planetary orbiters. The operation of space-
borne observatories has helped astronomers to
expand their science into wavelength domains
that are not accessible from ground-based
telescopes due to the observational limitations
imposed by the Earth’s atmosphere.

As the goals have become more sophisticated
and the demand for ever more exacting data
has soared, there has been a perceived
tendency towards using larger platforms, like
Envisat, to carry the wide range of instruments
proposed for Earth Observation missions,
compared with the smaller spacecraft being
used for Space Exploration. Given the current
popularity of the ‘smaller, faster, cheaper’
approach to space missions in general, now is
perhaps a timely moment to examine whether
the perception is indeed correct and whether it
is a trend that will continue.

The fact that satellite payloads have evolved
dramatically over the years not only in terms of



lifetime and high sensor stability. Such a
combination of performance requirements
often challenges the physical and technological
limits, even today.

Earth Observation missions can be and are
being commercially exploited and are making
an important contribution to the accurate
forecasting and monitoring of economically and
politically important parameters. The risk that
these missions might fail therefore has to be
minimised, which inevitably leads to a
maximum-redundancy approach being
pursued onboard the satellite, adding to sensor
complexity.

Space Science missions are generally more
exploratory in nature (Fig. 2), do not have to
satisfy operational requirements, and
consequently have less-stringent resolution
and stability requirements than Earth
Observation missions. Moreover, the tasks
assigned to Space Exploration satellites are
usually highly focussed, whilst Earth
Observation satellites have traditionally been
designed to serve a broader range of
disciplines and consequently of users.

These are prime factors in explaining the fact
that Earth Observation payloads and missions
have tended historically to be larger than their
Space Science counterparts.

Factors influencing mission scope and
payload complexity
Mono-disciplinary  versus multi-disciplinary
missions
ESA’s currently operating and planned Earth
Observation missions are designed to serve a
wide range of scientific objectives and
operational user communities. The ocean/ice-
oriented ERS-1 and -2 missions are also
serving atmosphere and land applications. The
scientific astronomical observatory missions,
on the other hand, are designed for very
focussed missions and operate in very specific
wavelength ranges, e.g. infrared, X-ray, or the
submillimetre. The Solar System exploration
missions also have to address a wider range of
scientific objectives in order to gain the support
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Figure 1. A selection of
operational remote-sensing
products
(a) Sea-surface height from
ERS-2 Radar Altimeter
Observations during the
1997 El Niño event
(b) Sea-surface temperature
in the Mediterranean
derived from ATSR
(c) Gridded wind fields in
the Indian Ocean derived
from ERS-1 Wind
Scatterometer data,
indicating both direction
and speed (a)

(b)

(c)



Figure 2. The Horsehead
nebula region imaged by
ISO. The three bright
reddish dots, visible in the
insets, are recently-born
stars

smaller spacecraft. In the case of operational
meteorological satellites, the evolution from
NOAA’s Tiros series to ESA’s Metop satellite
series provides a clear example of this trend.

Political and financial constraints
Political and financial conditions are also highly
determining factors because the mission
designers always try to fully exploit available
launch capacity, e.g. Ariane-4, Ariane-5 or
Space Station, as well as the available financial
envelope. This aspect has been clearly
demonstrated by the development of Envisat
and Metop, which started life as a single large
so-called ‘Polar Platform’, with the present
Envisat payload, plus a Wind Scatterometer
and the complete NOAA TIROS payload (the
latter two now form the bulk of the Metop
mission payload).

of the wider science community, given the small
number of flight opportunities that ESA can
provide within its severely constrained Science
Programme. 

Operational versus research objectives
Operational remote-sensing missions require
high reliability, long lifetimes and a high level of
redundancy. Space Science missions can
accept a greater degree of risk because they
do not have to satisfy operational requirements,
such as guaranteeing the provision of
continuous data inputs for numerical weather
forecasting. 

Sensor technology evolution versus mission
requirements 
It is important when entering into discussions
about the differences between operational and
research missions to view missions and
instruments (sensors) separately.

Taking the evolution of space-borne Synthetic
Aperture Radars  (SARs) in Europe as an
example, it is clear that owing to increasing
observational requirements, the mass,
spacecraft size and resource demands have
gone up significantly between the ERS-1/2
type SAR (378 kg incl. the Wind Scatterometer)
and the Advanced SAR on Envisat (830 kg). On
the other hand, advances in technology,
particularly in the electronics and detector
areas, have led to a reduction in the sizes and
masses of the individual instruments. The
evolution of interferometers and spectrometers
is a good example in this respect. Overall,
therefore, there is a balancing effect between
the demand for increased performance on the
one hand, and the technical solutions being
devised to satisfy the need for lighter and
smaller instruments on the other.

As far as the ‘active’ instruments like lidars and
radars are concerned, the power requirements
dictate the size of the solar panels and thus the
overall mass budget for the mission. Together
with the complex electronic hardware needed,
this often leads to higher mass budgets
compared with the scientific missions, which
tend to rely on passive instrumentation. 

Small versus large satellites
Both scientific and operationally oriented
missions can, of course, be implemented using
a number of smaller rather than one large
spacecraft. This reduces the risk, but at the
same time results in a loss of synergistic
capability for the various instruments. The latter
is one of the main reasons why Earth
Observation satellites have tended to increase
in size as more exacting requirements have
been imposed, rather than opting for several
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A further financial constraint is the fact that
many Earth Observation and Space Science
missions require specific orbits, which often
prevent shared launches and hence the
optimum exploitation of the multiple-launch
capabilities of Ariane-4 or Ariane-5.

The influence of changing political and financial
constraints on the sizes of Earth Observation
and Space Science missions is certainly
reflected in Figures 3 and 4.

Payload mass evolution
In order to make a meaningful comparison of



Figure 5. Launch-mass/payload-mass ratios for past, current and future Earth
Observation and Space Science missions

Earth-observation and scientific spacecraft and
payload masses, one has to break down the
payloads in each case into the sensor or
instrument element and the supporting
mechanical and electrical equipment. In the
case of Space Science missions, for example,
support equipment for probes, including
shielding and landing (e.g. parachute)
equipment, should not, strictly speaking, be
counted as ‘true’ payload.

In Figures 3 and 4, the launch masses of
various satellites (including platform, fuel and
ancillary equipment) are compared with the so-
called ‘dry payload masses’, i.e. excluding
interfaces, fuel and harnesses. If one then looks
at the launch-mass/dry-payload-mass ratios
depicted in Figure 5, the ‘efficiency’ of the
larger satellites no longer looks so unfavourable
compared to the alternative of undertaking a
sequence of several smaller missions. This
having been said, both the Earth Observation
remote-sensing graph and the one for Space
Exploration still indicate that the general
tendency, at least for the near future, is towards
reduced spacecraft sizes for both types of
missions.

Is smaller also cheaper?
By spreading the cost of a sequence of smaller
missions over time, the immediate financial
burden is lower compared with a large mission
like Envisat. This does not mean, however, that
the total mission costs associated with meeting
the requirements of comprehensive Earth
Observation or Space Exploration missions are
necessarily reduced when the route of ‘more
and smaller satellites’ is followed. To realise the
original mission objectives for a large payload
mission with small satellites, several missions
have to be flown simultaneously and therefore
at the end of the day the overall resource
demands do not decrease.

The degree of risk associated with a suite of
smaller satellites is less than that associated
with a single large satellite with a more
comprehensive payload (i.e. not all eggs are in
one basket!), but it is more difficult to fulfil
synoptic and coverage/synergy requirements
with a number of smaller satellites. The suite of
smaller satellites also requires a flexible
launcher family for multiple launches satisfying
specific mission requirements, such as
contemporaneous observations and mission
synergy.

Thus, generally speaking, the ‘financial relief’ is
only of a temporary nature, as ultimately similar
financial demands are spread out over a longer
period of time, which in itself involves additional
costs.

Past and future trends
Until the early nineties, the primary limitation on
spacecraft size was the available launcher
capability and the readiness of the necessary
enabling technology, with missions tending to
expand to fill the available launch mass. Even
though ESA had always had to comply with
predefined financial targets, only the Horizon
2000 Programme brought hard upper limits for
the scientific Cornerstone or Medium-Sized
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Figure 4. Payload-mass histories for Science and Earth-Observation satellites

Figure 3. Launch-mass histories for Science and Earth-Observation satellites



However, where the overall mission goal is
comprehensive Earth or space ‘system’
observation, such as for climate monitoring, the
end result will be very similar, or even higher
resource demands.

It is important to remember in this context that
the limiting factor in recent years has been the
launch capability, and not so much the
availability of financial resources. History also
shows that the instruments (or payloads) in
both the Earth Observation and Space Science
disciplines can be expected to get smaller as
technology advances. However, this will play
only a subordinate role, because the growth in
requirements will drive sensor mass and size
and balance out the ‘technological savings’.

The historical evolution of instruments and
missions in both Earth Observation and Space
Exploration has demonstrated that the
user/science community has responded to
political pressure and financial constraint by
first increasing and later decreasing the sizes of
its spacecraft in its efforts to make savings. The
net effect has been a cyclic development
scenario whereby the payload masses for
currently planned launches tend to be of the
same order of magnitude as those 15 to 20
years ago.

Given the much more sophisticated nature of
today’s mission objectives, the imposition of
further reductions in mission size for either
discipline – Earth Observation or Space
Exploration - would probably drive
capacities/capabilities below the threshold at
which meaningful missions can be conducted,
despite the greater capabilities of today’s – and
tomorrow’s technology. Even if the overriding
goal is lower financial spending, a reasonable
sized framework of Space Exploration and
Earth Observation missions needs to be
maintained if Europe is to protect its scientific
and cultural standing in the World.          r
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missions. This setting of a priori defined
financial limits has the unfortunate
consequence of ruling out some demanding
but extremely interesting long-term scientific
missions, such as those to the outer planets.

NASA has even gone a step further with its
Explorer or Discovery series, where
deliberately low budget targets are set and the
scientific return has to be optimised within
these targets. However, NASA has the
advantage of benefiting from technology
developed as part of the former Strategic
Defense Initiative, which has provided a wealth
of innovative technology in terms of instrument
miniaturisation. These missions are very
focussed in terms of scientific objectives,
usually carrying just a few payload elements.
Yet they are still designed with the launcher
capabilities in mind, either in terms of cost or
launchable mass for the required trajectory.
The US has an advantage here too in that it
has a wide variety of launchers available
covering a broad range of launch categories.
Nevertheless, when one analyses the mass
figures for a variety of NASA missions, the
same trend is found, i.e. the payload/dry
spacecraft mass ratios for their ‘faster, better,
cheaper’ missions are still in a comparable
range of 12 to 20%.

The recent imposition of the concept of
‘affordability’ implies that not only Earth
Observation, but also Space Exploration
missions must become smaller at the expense
of mission objectives and performance
requirements. Nevertheless, to realise the
original mission objectives for a large-payload
mission with small satellites, several missions
have to be flown simultaneously and therefore
the overall resource demands do not
decrease. Higher performance requires more
sophisticated facilities if real scientific progress
is to be made, which means increased
complexity and therefore risk.

At the end of the day, for both the Space
Science and Earth Observation domains, the
acquisition of increased knowledge tends to
demand more resources rather than less. 

Conclusions
Looking to the future of space exploration, with
mankind pushing further and further into deep
space and possibly visiting other planets, the
demand for knowledge and the resulting
requirements will become even more exacting.
The size of the individual missions could be
reduced by splitting up the payload
complements to allow smaller, dedicated and
more focussed spacecraft to be flown.


