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INTRODUCTION

Over the past several years it has become clear that there is an inextricable link between
efforts to monitor and preserve the environment and humanity's ability to utilize the Earth's
resources in a sustainable manner. Equally important is the realization that continued economic
and social development is an essential element for promoting and maintaining international peace
and security. The United Nations, through a series of global conferences that began with the 1992
United Nations Conference on Environment and Development, has been a driving force in
bringing this message to the international community. As humanity approaches a new
millennium, and the United Nations faces new challenges, including implementing the
recommendations of the global conferences, it will be vital for the international community to
bring all the resources at its disposal to bear on the problems it faces.

Space technology, and the many practical benefits that can be derived from its utilization,
will play a central role in national, regional and international economic and social development
efforts. New applications of space technology are constantly being discovered and spin-offs from
space technologies have led to advancements in such diverse fields as medicine, materials
sciences and computers. Nevertheless, the high cost of participating in space activities has
hindered the ability of many countries, particularly the developing countries, to fully take
advantage of the many practical benefits that space technology offers for economic and social
development.

The United Nations, through the Office for Outer Space Affairs, has therefore focused its
efforts on expanding developing country access to the practical applications of space technology.
Through the Programme on Space Applications, the Office annually conducts 8 - 10 workshops,
seminars and training courses that assist developing countries in the establishment of indigenous
capabilities in space technologies. These activities bring together experts in various space-related
fields and facilitate the exchange of information among experts and scientists from developed and
developing countries. This publication, the seventh in an annual series initiated in 1989, 1s part
of the Office's efforts to expand and encourage the international exchange of information and
experience, which, along with other programmes and publications, promotes the United Nations
goal of ensuring that outer space is used for peaceful purposes and for the benefit of all countries.

This publication is comprised of selected papers presented at the 1995 activities of the
Programme on Space Applications that illustrate the issues related to the use of space technology
for development, especially through management of natural resources and the environment, and
to meet communications needs. The scope of the publication extends from a general overview
of international cooperation in space activities and the role of the developing countries in this
area, to more specific areas of applications of space technologies, including the use of remote
sensing for resource management in Africa., and Asia, and the use of advanced satellite
communications systems for health care and education. Because the papers are selected from
workshops, training courses and seminars held in various parts of the world, they address
applications corresponding to the specific needs of the regions concerned.
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THE CHALLENGES OF SPACE TECHNOLOGY - POSSIBILITIES
TO ENHANCE THE QUALITY OF LIFE

K. Kasturirangan
Chairman, Indian Space Commission
Bangalore, India

INTRODUCTION

Humanity, whose ancestry can be traced across whole geological eras into a creature not
greater than a diminutive rat and whose intellectual powers began to be strikingly prophetic only
during the last ice-age, deserves the generic title that it has given to itself 'Homo Sapiens,’ the
wise. From the beginnings in East Africa about five million years ago, humans have vigourously
pursued the struggle for dominating the world and improving living conditions. While the initial
stages were marked by the struggle against the vagaries of climate, a new culture based on
agriculture and domesticated animals was originated in the rich and fertile river valleys. From
this economic foundation came a population explosion and the first cities, intercultural trade,
colonization and the ideas of empire and conquest.

While primitive humans were happy when their basic needs were met using whatever was
available in nature, the increasing demand on resources along with the instinct to improve living
conditions forced successive generations to use their intelligence and skill. The quest for
scientific exploration paved the way for significant advances in science and technology which
were effectively utilized for the betterment of humanity or improving the quality of life. Among
the scientific developments of the 20th century, the development of space technology and
applications stands out as one of humanity's most momentous achievements. It has enriched the
scientific knowledge, provided scintillating experiences of the Moon, improved human
connectivity, provided the capability to extract valuable information on weather and climate
which was hitherto unavailable, enabled the extraction of vital details on the Earth's resources on
a continuous basis for sustainable resource development, and so on. Apart from the memorable
experiences of space exploration, the major causal factor for the uniqueness of space technology
is its inevitable role in addressing those issues that are of direct relevance to humanity. As the
poet Xenophanes said 2,500 years ago, "The gods did not reveal to men all things in the
beginning, but in the course of time, by searching, they find out better."

This paper, which was presented at the United Nations/IAF Symposium on "Space
Technology for Health Care and Environmental Monitoring in the Developing World," held at

Oslo, Norway, 28 September - 1 October 1995, does not necessarily reflect the views of the
United Nations.
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QUALITY OF LIFE - ITS MANY DIMENSIONS

The concept of quality of life is as varied as the individuals in a society and as complex
as the human body. For primitive humans, for whom quality of life was nothing but meeting
basic needs, that standards of measurement of social well-being as well as the means to improve
the quality of life has undergone dramatic changes. If quality means a characteristic, innate or
acquired, that, in some particular way determines the nature and behaviour of a person, there are
a number of individualistic, societal and environmental factors that affect the quality of life. (See
Figure 1.) Although people differ in the goals that they would set for development, some are
virtually universal. These include a long and healthy life, education, access to the resources
needed for a decent standard of living, political freedom, guaranteed human rights and freedom
from violence. Improving the quality of life is thus a process that enables humans to realize their
potential, build self-confidence and lead lives of dignity and fulfiliment.

THE INDICATORS

A look at the global scenario brings out wide variations in the quality of life due to varied
reasons, ranging from cultural and socio-political factors to environmental and technological
constraints. But there are certain indicators which help us to assess the level of development as

well as to arrive at the critical issues that need to be addressed towards ensuring a better quality
of life.

The Pressure of Population

The world's population doubled from 2.5 billion to 5 billion between 1950 and 1987 and
is expected to reach 6.4 billion by 2000. In other words, the world's population of 300 million
in the first century might have increased by more than 21 times by the beginning of the 21st
century. Accordingly, there has also been a tremendous increase in the urban population. By
1970, the number of people living in urban settlements had reached 1.35 billion and United
Nations estimates and projections set the figure at 3.2 billion in 2000, which means that half of
humanity will live in cities by the end of the century. Besides the adverse impact of the
increased anthropogenic activities, the resource requirements for meeting basic human needs will
be exerting tremendous pressure, especially on the scarce resources of the developing nations.
For each 1 per cent growth in population, it is estimated that at least 3 per cent of GNP is needed
as a "demographic investment" to expand the infrastructural stock. One of the major reasons for
the backwardness of most of the developing countries is the lack of necessary infrastructure.
Coping with the future infrastructural requirements calls for tackling inefficiency and waste, both
in investment and in delivering services, and opting for modern technologies that can reach more
people with less ground infrastructure by a cost-effective and timely manner.

Economic Development

Economic growth is an important component of development, though it cannot be a goal
in itself. The wide-ranging disparities in the living standards of the people in the developed and
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developing nations can be mainly attributed to the lack of economic development. In 1991, 84.7
per cent of global GNP and 84.2 per cent of world trade was controlled by the richest fifth, as
against 1.4 per cent of the GNP and 0.9 per cent of world trade handled by the poorest fifth. A
look at the total domestic savings and investment in these two groups also reveals a similar
disparity. Likewise, the average real GDP per capita in terms of purchasing power in the
developing countries is around $2,700 which is just 1/6th of that in the industrialized countries.
When we consider the absolute poverty levels rather than average GDP per capita, the situation
is more revealing. For example, in the least developed countries, 71 per cent of the rural
population and 31 per cent of the urban population live in absolute poverty. Thus, along with
the efforts to increase the availability of goods, improving the purchasing power of the poor
needs to be addressed, as only then can an improvement in quality of life be achieved.

Education

The catalytic role of education in improving the living standards of people is an accepted
fact. Least developed countries with literacy rates of 20-30 per cent have a national per capita
gross income of less than $200 per year. On the other hand, in developed countries where the
literacy rate is more than 95 per cent, the average annual per capita GNP is $18,000. Similarly,
a look at female literacy rates, along with infant mortality rates, life expectancy and levels of
development also brings out the inevitable role of education in the overall development of a
nation. (See Figure 2.) For example, the average number of children per uneducated woman in
Brazil is 6.5 whereas women with secondary education have only 2.5 children. In Liberia,
women who have been to secondary school are 10 times more likely to use family planning
services. Another study in four Latin American countries has shown that education was
responsible for a 40-60 per cent decline in female fertility. A recent study by the International
Food Policy Research Institute reveals that if men and women had education and access to
agricultural inputs such as fertilizer and technologies, gains in agricultural output would be
substantial. Thus, education plays a significant role in improving the quality of life and
facilitating the overall development of a nation.

Health Care and Sanitation

One of the major reasons for the poor quality of life in the under-developed societies 1s
the lack of proper health care and sanitation. For example, in least developed countries, only 54
per cent of the population has access to health services. Similarly, the number of people per
doctor in industrialized countries is 390 as against 6,670 in developing countries and in the least
developed countries only 30 per cent of births are attended by health personnel. It is then quite
natural that the maternal mortality rate in developing countries is about 20 times higher than that
in the developed world.

The lack of adequate health services in most of the developing countries is further
complicated by unhygienic living conditions and poor sanitation. On an average, 60 per cent of
the rural population in developing countries and only 30 per cent in least developed countries
have access to safe water. In addition, infectious diseases continue to act in synergy with the
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risks created by crop failure, an uneducated at-risk population and the lack of public sanitation.
Such diseases are a major cause of human illness on our planet. Malaria alone infects more than
200 million people. A list of diseases which are largely spread by insect vectors is given in
Table 1. As each of these vectors requires specific kinds of ecologies to support it, tracking these
ecologies and identifying areas of maximum risk is of paramount importance. Besides, imparting
health consciousness to the poor and uneducated can greatly improve the existing scenario. To
cite an example, the Tanzanian radio study campaign had been highly successful in imparting
health awareness. The evaluation of this campaign has shown that not only did the target group
participate in weekly discussion meetings but it also learned about health practices and
participated in various actions, including the digging of 750,000 latrines.

Table 1: Insect-borne diseases

Disease People Affected People at nisk Number of
(millions) (millions) countries affected
Malaria 270 2,100 103
Schistosomiasis 200 600 76
Lympbhathitic filiarasis 90 900 76
River blindness 17 90 34
Chagas disease 16-18 90 21
Leishmaniasis 12 350 80

Food Security

The struggle against hunger has been the biggest challenge since the origin of humanity.
According to recent estimates, 31 per cent of the people in developing countries are in absolute
poverty whereas it is 64 per cent in least developed countries. Though the dependence on
agriculture is much less pronounced in the industrialized countries, they have been quite
successful in improving agricultural productivity through better management practices and by
adopting a scientific approach. On the other hand, the contribution of agriculture to the national
GDP is very high in most developing countries (See Figure 3). While agricultural contributes
less than 5 per cent to GDP in most of the high-income economies, the figure is more than 25
per cent in 35 out of 41 low income countries. Bringing cultivable wastelands under agriculture
and improving productivity through scientific approaches appears to be the only option to ensure
food security, especially in most of the developing nations.
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Improvements in agriculture also call for effective utilization of water resources. In most
countries, irrigated agriculture accounts for the biggest share of water and amounts to
approximately 70 per cent of world water withdrawal. While the irrigated land area, which has
almost tripled in the last four decades, supplies one-third of the world's food, less than 40 per
cent of the water supplied for irrigation contributes to the growth of crops. Added to this
enormous waste are the problem of waterlogging, salinity/alkalinity, etc. Thus, a lot of
improvement is called for in the management of land and water resources, if we are to ensure
food security for the world's growing population.

Environmental integrity

For a very large number of the poor who depend on the resources of their immediate
environment, poverty has been compounded by environmental degradation. Not only does the
natural resource base of the immediate environment provide their basic requirements, it is also
the basis of their livelihood and security. The challenge of poverty and the challenge of
environment are therefore not two different challenges but two facets of the same challenge.

A clean and safe environment not only ensures a better life today, but also forms the
foundation for a sustainable future (See Figure 4). The unsustainable consumption of resources
to satisfy the increasing needs of an exponentially growing population is already exerting
tremendous pressure on our fragile environment. There are widespread symptoms of
environmental degradation, seen all over the world in the form of degraded lands, depleted
ground water levels, decreased agricultural productivity, global warming and changing climate,
increasing health hazards due to pollution from various sources, etc. Thus, any development not
in tune with the environment can no longer be tolerated. Conservation-based development must
include deliberate actions to protect the structure, functions and diversity of natural systems.
Accounting for natural resources, periodic monitoring and assessment of the environmental impact
of human interventions are essential, and the initiation of preservation and conservation measures
are essential for ensuring that we live within the carrying capacity of planet Earth.

While a clean environment may be well within our hands, humanity has not been highly
successful in ensuring protection from natural disasters and environmental hazards. According
to the International Federation of Red Cross and Red Crescent Societies, the major causes of
deaths from natural disasters between 1967 and 1991 were droughts (1.3 million), cyclones (0.8
million), earthquakes (0.6 million) and floods (0.3 million). But if all disaster incidents are
considered, nearly 1,400 flood events were reported during the above period. Accordingly, the
economic damage from such disasters increased from $10 billion in the 1960s to nearly $100
billion in the 1980s. Added to the loss of lives and economic damage is the hardship suffered by
the affected peopled and relief operations. A coordinated effort by various agencies along with

proper warning, monitoring and management can only reduce the effect of the havoc caused by
disasters.

The quality of life of an individual is also dependent on a number of factors which affect
the intrinsic qualities. These vary from entertainment to enrichment of knowledge and
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connectivity to peace of mind. In other words, there may be one goal but many indicators.
There are many critical issues that need to be addressed to transform our societies to better living
environments as well as to enable happy life. The significant developments in science and
technology provide effective tools to address these issues. Space technology, one of the latest
but very powerful additions in the saga of achievements resulting from humanity's relentless
pursuit of scientific explorations, has emphatically proved its capability in improving the quality
of life all over the world.

SPACE TECHNOLOGY - A HARBINGER OF CHANGE

The direct benefits of space technology have been in the areas of communications,
education, health, entertainment, meteorology, resource inventory, monitoring and management,
disaster warning and management, enrichment of knowledge and development of science and
technology, thus addressing most of the crucial issues towards enhancing the overall quality of
human life. (See Figure 5.)

Global Connectivity

Since the root cause of the growth of human intelligence and civilization is non-genetic
transmission of experience and knowledge from one generation to successive generations, the role
of satellite communications is extremely crucial. Satellite communications, with its inherent
flexibility, distance insensitivity, ability to reach even the most remote location and, above all,
its low cost and timeliness, has already revolutionized the global communication scenario.
Starting with a small, 240 channel capacity, 39 kg Intelsat-I (Early Bird) Satellite in 1965, which
ushered in the age of operational satellite communication service on a global basis, the variety
and the quantum of services available now have increased many fold. (See Table 2.) There are
now international, regional and domestic networks offering a large variety of services both for
communication and broadcasting. The satellite channel capacity has increased from the 240 voice
channels of Early Bird to around 30,000 voice channelsl/ This dramatic growth has not only
ensured initially "international connectivities" and later "regional connectivities" and "national
connectivity," but have led to the introduction of "roof-top connectivity”" and "personal
connectivity". The "mass connectivity" through the inherent broadcast capabilities of the satellite
made them most attractive for TV distribution and broadcast services. The ability of satellite
payloads to address weather parameters offers the operational framework to provide "environment
connectivity" for collecting meteorological and other environmental data from dispersed locations
over land and sea to a central point. Maritime satellite service has now become an established
means of communication to ships on high seas. Very soon, the aeronautical mobile satellites
service will provide "mobile connectivity" for people on the move either on land, sea or air. The
“emergency connectivity" is an important humanitarian service to people in distress and

communication satellites are the indispensable tools ensuring connectivity even in the case of
disasters.
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Table 2: Number of transponders

1980-85 1990-95 2000-2010

Global India Global India Global India

Voice 200 10 1,100 60 4,736 68
TV 40 4 450 9 2,592 41
Video Conferencing 2 - 60 2 500 12
Data transmission 30 - 390 1 2702 21
TOTAL 272 14 2,000 72 10,530 142

Having developed over seven generations of satellites in just three decades, Intelsat has
made great contribution to ensure "international connectivity" by operationalizing more than 900
earth stations located in over 180 countries. Through its 20 satellites it provides global telephony,
telex and data audio services in addition to video and audio programme exchanges. Regions
having close socio, economic and political relations realized the benefits of satellite
communications and established systems, such as, Eutelsat-1, Eutelsat-2, Arabsat, etc., to have
"regional connectivities". Even though, satellite systems were initially envisaged for international
systems, many countries realized the usefulness of satellite communication systems to meet their
domestic communication requirements as well. While 14 countries have their own satellites,
more than 40 countries have leased space segment capacity from Intelsat and have set up their
own domestic communication network. These national systems have revolutionized the
communication scenario in their respective countries. For example, since its introduction in 1983,
the utilization of India's INSAT has grown multi-fold. (See Figure 6.) Today, with over 200 earth
stations in its telecom network, it provides about 4,500 circuits on 170 routes to large, medium
and small earth stations ranging from 3 m to 11 m in diameter.

The Effective Isotropic Radiated Power (EIRP) of satellites has also been steadily going
up and it is now approaching 40 dBw in C-band and exceeds 55 dBw in Ku band.

As a result, there has been remarkable expansion in the use of Very-Small Aperture
Terminals (VSATSs) ensuring worldwide "roof-top connectivity." Due to the broadcast nature of
satellite systems all over the world, the majority of satellite capacity is being used for television
transmissions, ensuring mass connectivity to the extent that capacity originally planned for
telecommunications is being used for television transmissions. For example, the most visible
impact in India due to the introduction of INSAT has been in the field of television. From about
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20 television transmitters in the country before 1983, the Doordarshan network today consists of
more than 700 transmitters linked by the satellite and covers more than 65 per cent of the land
and 85 per cent of the population. The sense of togetherness and participation brought in by this
capability is one of the most important achievements of space technology. The emerging
satellite-based hand-held telephony service is an important step towards global personal
communications for voice and low bit rate data communications. The era of low Earth orbit
(LEO) satellites at an altitude of 700-1400 kms is likely to ensure worldwide "personal
connectivity." Future systems for communications and broadcasting will make great contributions
by ensuring (i) growth of Public Switched Telephone Network (PSTN), (ii) expansion of
broadcasting networks including private and regional networks, (1) growth of business
communications, (iv) improved personal communication services, (v) better social, educational
and developmental networks and (vi) mobile satellite services. With this great potential,
communication satellites offer valuable services of connectivity at all levels and one cannot
remain isolated in this transformed "Global Village."

Imparting Education_and Training

Experiments carried out by many countries have found that satellite-based distance
education systems have undoubtedly become one of the most efficient and cost-effective tools
for disseminating knowledge and awareness through (1) rural education; (ii) developmental
education; (iii) adult education; (iv) continuing education directed at specific groups and
augmentation of university and formal education. To take an example, China has been able to
establish a large distance education delivery system beginning with the Satellite for Health and
Rural Education (SHARE) which was supported by an Intelsat programme in 198S. This is one
of the world's largest distance education delivery systems and it was established in a short period
of time because of the deliberate policies and strategies followed by the Chinese Government.2/
China's Central Radio and Television University (CRTVU) provides their programmes in a
national satellite network and plays a vital role in the country's education system, particularly for
those who have failed to gain access to schools, colleges and universities. The system provides
post-secondary degrees in agricultural, vocational and technical education for young people in
rural areas, and, by offering continuing education for factory employees, companies and
enterprises. CRTVU also trains teachers, technicians and administrative staff and conducts
education research. The provincial RTVUs are responsible for detailed educational programmes
and professional courses for local needs. It has made a great contribution towards imparting
awareness and skills, with which China is realizing its goals for planned development.

Similarly, the Palapa system in Indonesia has proved to be a cost-effective means for
distributing centrally-produced programmes to local rebroadcasting stations spread over 8,000
islands. The Satellite Instructional Television Experiment (SITE), conducted jointly by India and
the United States in 1975-1976, is yet another a major milestones in the application of space
technology for providing programmes aimed at development, viz., agriculture, health, nutrition,
family planning, etc. A substantial amount of time was also devoted to educational programmes
for children between the ages of 5 and 12 years. It was hailed as "the greatest communication
entertainment in history" through innovative use of the most advanced technology to tackle the
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problems of development in some of the least developed and poorest parts of India. SITE used
the United States ATS-6 satellite to broadcast television programmes.

The satellite-based interactive training course for trainers, conducted in India in February
1991, was found to be encouraging. The research study revealed that, compared to face-to-face
instruction, this training was viewed by most trainees as a better and effective approach in
covering a large number of geographically scattered trainees in a limited time. The "talk-back
terminal" (enabling a return voice link via satellite apart from reception of the television signal)
wherein the uplinking of the recorded television programmes for undergraduate students was also
attempted. The recorded programmes were received and rebroadcast by the full television
network as part of the usual countrywide classroom broadcasts. Special arrangements were made
for interaction at eight specific locations, via satellite (using the talk-back terminal) at two, and
at the other six by the normal public switched telephone network. The system was configured
in such a way that the questions from any location were hooked back in to the broadcast and
hence audible to all viewers. Thus, while questions could only be asked by the students in the
eight pre-determined locations, all viewers could hear the questions and hear/see the replies.
Such various participation will increase viewers' interest and attention and hence learning. While
these experiments demonstrated the importance and efficiency of adopting such an interactive
system for rapid dissemination of education, eradication of illiteracy as a goal requires the regular
operational use of satellites to effectively disseminate culture and region specific information to
each of the individual language groups and regional entities.

Telemedicine

It has been 25 years since NASA positioned three satellites, the Advanced
Telecommunication Satellites (ATS) -1, -2 and -3, in geosynchronous orbit and provided the first
telemedicine test bed for remote health care delivery. While there have been a number of pilot
programmes in telemedicine since then, in recent years the improvements in telecommunication
technology and information systems have resulted in a dramatic increase in the number of
telemedicine programmes worldwide. The application of telemedicine offers certain advantages
in terms of cost effectiveness and improved care to remote areas, disaster sites or inner-city urban
populations. Linking remote locations to an urban medical centre provides an opportunity for
specialist consultations that might not be otherwise possible. Thus, telemedicine can reduce
critical delays in health care delivery by expanding access to underserved locations.

One of the most remarkable telemedicine services was observed in 1988 when Soviet
Armenia experienced a massive earthquake that killed 2,500 people, caused many more casualties
and destroyed much of the infrastructure of that republic, including the health care delivery
systems. The medical communities of both Soviet Armenia and the United States were connected
in what was called the Telemedicine Spacebridge to Armenia. The results of this effort indicated
that interactive consultation by remote specialists can provide valuable assistance to on-site
physicians and favourably influence clinical decisions in the aftermath of disasters. As a result
of the success of the spacebridge to Armenia, the first international telemedicine programme,
known as the Spacebridge to Moscow, was launched under the auspicious of the United States-
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Russian Joint Working Group on Biomedical and Life Support Systems. Four participating
medical institutions in the United States and one in Russia were linked via satellite. (See Figure
7.) A two-way video/two-way audio satellite communication system was established utilizing
the Western Satellite Data Relay Network (WSDRN; Loutch) satellite, a Russian military satellite
used for communications with the Mir space station, and NASA's Lewis Research Center in
Cleveland, Ohio. Spacebridge to Moscow has not only offered real-time medical services to
millions of sufferers, but has also firmly established the need and utility of a worldwide
operational telemedicine service.

Encouraged by the services and overall impact of the Spacebridge to Moscow and earlier
similar experiments in Alaska, the Northern territories of Canada, the Australian outback,
Arizona, etc., Debakey Enterprises is setting up telemedicine systems in Mexico, the Russian
Federation, Turkey, and the United Arab Emirates. All of them will be fully operational in
another few years. Examples of other major projects already undertaken include (i) Project
SHARE (described above), which provides video transmission capacity for humanitarian purposes
via Intelsat satellites to 20 projects and 43 countries, and (ii) the remote clinical communication
system, a portable telemedicine system used by the United States Army during its operations in
Croatia and Somalia. By providing the low cost antennas and VSATs with standard television
receivers, teleservices available from communication satellites offer the best solutions to widely
and effectively transmit information on health care, hygiene, nutrition, environmental cleanliness,
family planning and agricultural practices to remote and rural areas. Such information can lead
to a substantial improvement in the quality of life, especially in developing countries.

Ensuring Food Productivity

Since there is no option except to produce more and more food from the increasingly
fragmented and fragile land which has a finite carrying capacity which cannot be stretched
beyond a certain limit, the strategy for achieving enhanced food production must aim at
developing and disseminating environmental friendly agricultural packages ensuring optimal
employment, income and agricultural productivity from units of land, water and energy. The
concern of increasing agricultural productivity becomes more severe because the scope for
increasing areas under cultivation is rather limited and if there is an expansion of agricultural
activities, it will cause sharp conflicts with other sectors, especially forests and agriculturally
unsuitable lands, causing more rapid land degradation. While a substantial increase in agricultural
productivity can be achieved by (i) improved land and crop management technology, (ii)
improved crop vanities, (iii) increasing irrigation facilities, (iv) greater use of fertilizers, and (v)
adopting integrated pest management, the realization of these goals are possible only when there
is a reliable data base on the existing land use, land capability classification, acreage under
various crops, soil types and soil moisture, hydrogeomorphology, surface/subsurface waterbodies
and agrometeorological parameters.

Building the Basic Life Support System

A holistic approach, coupling improved agricultural productivity with appropriate
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conservation of land and water resources, is called for in order to build an ecological foundation
of resource bases. In the quest for ensuring food security with environmental integrity, the basic
life support systems such as land, water, flora, fauna and the atmosphere are to be protected and
enriched. Satellite remote sensing offers the potential for developing and conserving these
elements simultaneously.

Preventing Land Degradation

A scientific land management strategy calls for a detailed data base on land capability
identifying the unsustainable, marginally sustainable, conditionally sustainable and prime land for
the intensification of agricultural production. Remote sensing has been operationally providing
these spatial information in many countries. For example in India, using satellite remote sensing,
13 categories of wastelands, amounting to 54 million hectares, have been identified, almost half
of which could be reclaimed for the extension of agricultural activities. Lands thus identified for
immediate reclamation are scrublands, gullied/ravined areas, marginally salt affected lands and
areas under shifting cultivation which with the application of appropriate agricultural practices
and conservation measures could be made agriculturally productive to augment total food
production. Likewise, satellite remote sensing has been used to map the current land use at the
microlevel in order to identify areas under single-crop, double-crop and residual fallows. This
information could be gainfully used to determine the cropping intensity and to explore the
dormant potential for increasing agricultural production. Increasingly, satellite data are being
used for preparing reconnaissance level soil maps showing soil associations and land capability
units that are agroclimatically coherent and have common characteristics (slopes, soil depths,
textures, water holding capacity). Such maps could be used to identify areas for developing
locale-specific cropping patterns which are agro-climatically more suitable.

Conserving Water Resources

The availability of adequate soil moisture at critical periods of crop growth is extremely
important in determining final crop production. In this context, inventory, monitoring and
management of both surface and groundwater resources play a crucial role in agriculture
management. The repetitive coverage provided by satellites has been widely used for mapping
and monitoring the extent of surface water bodies/reservoirs and for reliable estimation of storage
capacity of the reservoirs and its changes over the years, thereby facilitating optimal scheduling
of irrigation. Similarly, by identifying hydrogeomorphological features, satellite remote sensing
has been found to considerably narrow down the areas for ground water exploration. A classic
example is India's National Technology Mission on Drinking Water under which
hydrogeomorphological maps showing ground water prospect areas have been prepared using
space imagery of 1:250,000 scale. Based on statistics of over 2 lakhs borewells dug with the
help of remote sensing, it has been observed that the success rate of finding water has increased
to 92 per cent compared to 45 per cent achieved using purely conventional methods.

Also crucial is the management of water resources in the dryland tracts of the tropical
countries where the temporal and spatial distributions of rainfall is highly uneven. Coupled with
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the higher temperature regimes and evapotranspiration rates, the need for harvesting of runoff and
recharging of underground aquifers in tropical countries assumes paramount importance. In this
context, satellite remote sensing plays a unique role towards in situ soil moisture conservation
through efficient watershed management. Preparation of hydrogeomorphological maps to delineate
watersheds, drainage patterns, suitable sites for impounding water and recharging of aquifers has
now become possible with the imagery obtained from space. Remote sensing based methodology
has been adopted to prioritize the watershed for taking up soil conservation programmes. Using

such an approach, priority delineation has been carried out in various watersheds around the
world.

Satellite-based glacier inventories have been found to be very promising for planning and
operating mini- and micro-hydroelectric stations. Models based upon the areal extent of seasonal
snow have been developed to predict snow-melt runoff into the Bhakra reservoir in India.
Identification of waterlogged areas in the command areas of the irrigation projects and inventory
of croplands and cropping patterns have facilitated efficient water use and thereby increased the
cropping intensity in major irrigation commands of the country.3/

Preserving flora and fauna

Towards efficient forest management, satellite remote sensing inputs are used operationally
in (i) periodical forest cover estimation, identification of deforestation and afforestation; (i)
assessment of timber volume and growth; (ii1) regular monitoring of forest stresses due to disease,
insect infestation, forest fires; and (iv) regular monitoring of habitats to identify conservation
needs. The adoption of this technique during the past few decades has provided a new thrust in
this area of making available quantitative means for monitoring the growth and degradation of
natural forestry, deforestation linked soil erosion and sediment load into rivers and watersheds,
depletion of biodiversity, natural flora and fauna, underground water recharge and green-house
gases. Even the coarse resolution meteorological satellite payloads, particularly the
NOAA/AVHRR, have greatly helped in studying vegetation dynamics in relation to climate
changes at regional and continental levels on a gross basis. The Normalized Difference
Vegetation Index (NDVI) derived from NOAA/AVHRR data, which is well correlated with
vegetation parameters such as green leaf biomass and green leaf areas, has been successfully used
to classify eight major global vegetation types of the world and derive their individual primary
productivity, which varies between 1.2 kg/m® per year in the case of deciduous forests to 2.2
kg/m? per year in tropical forests. The use of high-resolution imagery such as that obtained from
Landsat, SPOT, and IRS satellites obviously has a greater advantage in providing basic
discrimination of vegetation types with much higher levels of accuracy.

High-resolution imagery has been used in Brazil to study the deforestation that
significantly influences the global warming phenomenon and the accompanying loss of
biodiversity. The Brazilian Institute of Space Research (INPE) estimated accurately the total
deforestation areas and rate of deforestation in the Brazilian Amazon. By using Landsat data,
the government of Brazil was able to implement effective measures which helped to reduce the
rate of deforestation. (See Figure 8.) 4/ Similarly, in India the results of forest mapping using
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IRS and Landsat data showed 2 per cent annual deforestation between 1972 and 1982. Regular
monitoring of forest cover once every two years and subsequent afforestation measures have
reduced the deforestation rate to 0.08 per cent per year. Thus, monitoring of deforestation by
logging, fuelwood use and shifting cultivation by using satellite data has prompted many
countries to institute protection measures and to implement various reforestation and afforestation
programmes.

Disaster Management

Space-based systems provide valuable inputs to disaster management communities before,
during and after a disaster event. (See Figure 9.) They are the only tools available for disaster
management which remain unaffected by the impact of disasters. Various kinds of satellites with
capabilities for communication, meteorology and remote sensing are contributing substantially

towards disaster management in the form of preparedness, prevention and monitoring. (See Table
3)

Table 3: Sequential Groups of Emergency and Disaster Management Phases

PHASE TIME
PREPAREDNESS
vulnerability analysis long before

hazard/risk zoning
pre-disaster planning and mitigation

PREVENTION
observation, detection and prediction before, immediately
early warning before

MONITORING
emergency relief during
damage assessment during/immediately after
rehabilitation immediately after
reconstruction immediately after
post-disaster planning after

The unique capabilities of remote sensing satellites to provide comprehensive, synoptic
and multi-temporal coverage of large areas at regular intervals and with quick turn around times
have been valuable in the continuous monitoring of atmospheric as well as surface parameters
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attributed to natural disasters. On the other hand, the capabilities of communication satellites
have significant potential for real-time dissemination of information and early waming, data
transfer and relief operations. They have been used individually during recent disasters and have
been included in regional or national disaster management systems. The advent of VSATSs, Ultra
Small Aperture Terminals (USATs) and phased array antennas have further enhanced these
capabilities. Fixed Satellite Service (FSS) capabilities are now available worldwide through
international systems such as Intelsat or Intersputnik, regional systems like Eutelsat, Arabsat and
national systems like Anik, Palapa, Insat, etc. Satellite mobile services for emergency plans are
also already operational in many countries. Internationally, the COSPAS-SARSAT system could
provide alert services for disasters occurring anywhere in the world.

Space-based technologies are therefore assisting humanity to overcome a number of
limitations and to correct certain infrastructural weaknesses, provided that proper technical and
managerial solutions are adopted and user communities are in a position to implement them.
Earth observation satellites are providing unique inputs to monitor meteorological phenomena,
soil and vegetation, geomorphological studies, integrating land use and hazard maps, movement
of tectonic plates and the status of land and water resources of a region. These inputs, backed
by appropriate groundtruth measurements, are effectively employed to carry out vulnerability
analysis and evolve long-term strategies for disaster management.

On the other hand, communications and Earth-based transmissions of weather forecasts
and advance warnings of severe weather will minimize the loss of life and damage and facilitate
timely and effectively rescue and rehabilitation of affected populations, especially to those
entities/groups/persons who are located in remote, rural and underdeveloped areas. They also
provide communication support for administrative actions for emergency preparedness. One such
example is the unattended, locale-specific Disaster Warning System (DWS), which is used to
disseminate cyclone warning messages to the areas likely to be affected. India has been using
this indigenously developed system, through INSAT, since 1985. At present, the receive terminals
are installed in Indian coastal regions. The cyclone warning messages are generated from the
Cyclone Warning Centre (CWC). The special feature of this system is the selective addressing
of the receivers. The present receive terminal consists of a 3 m diameter antenna and a receiver.
The receiver is activated and a siren is sounded as an alert by detecting the code related to the
specific receiver. This is followed by a warning message repeated several times to alert the
people in the affected areas. If the cyclone deviates from the course, the CWC can direct the
warning to another area and in fact give out different warnings to different locations.

The system has proved its efficacy in the successive cyclone seasons over the past decade.
For example, prior to the development of the system, a November 1977 cyclone killed about
10,000 people when it hit the South Andhra coast near Nizampatnam in southern India. In
contrast, the May 1990 cyclone which hit the Andhra Coast near Machilipatnam, resulted in less
that 1,000 deaths, primarily due to the timely warnings given to the villages by the effective
functioning of Cyclone Disaster Warning System, established along the southeastern coast of
India. The system helped the government to evacuate over 170,000 people, thus saving thousands
of lives and livestock in this area. It is estimated that over 20,000 people would have lost their
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lives during the disaster has the warning system not been in place.

Drought Management

Satellite data are also being utilized effectively for combating drought, at both the short-
and long-term strategic levels. Short-term strategy includes early warning, monitoring and
assessment of drought, whereas long-term strategies are aimed at drought mitigation measures
through reservoir management, water harvesting structures, soil and water conservation, cropping
pattern optimization, etc. Satellite derived vegetation indices, area averaged surface temperature
and remotely sensed inputs in mapping and monitoring of land use/cover soil, geologically
geomorphological features, environment impact studies, etc., could be integrated with
socio-economic and demographic information through Geographic Information Systems (GIS) in
order to arrive at suitable strategies for drought management. These drought management
packages essentially aim at event modifications which could address efficiently meteorological,
hydrological and agricultural droughts.

Satellite derived vegetation indices (VI), which are sensitive to vegetation stress, are now
being continuously used to monitor drought conditions on a real-time basis, thus helping decision
makers to initiate strategies for recovery by changing cropping patterns and practices. The use
of meteorological satellite data to assess the spatial and temporal inadequacies of rainfall at
critical crop stages and subsequent assessment of crop status/condition based on VI anomalies
provide an excellent drought monitoring mechanism. However, spaceborne measurements must
be integrated with computed aridity anomaly based on field measurements of rainfall and crop
calendars to bring out fortnightly/monthly drought conditions of a region. The integration of VI
with other relevant field data can be used to explain the extent of variation in drought
characteristics which is evaluated based on meteorological drought indices such as, the Crop
Moisture Index, Drought Severity Index or the Hydrologic Deficit.

Quite a few developing countries are using space-based measuring instruments to assess
and monitor drought conditions. For example, in Africa NOAA-AVHRR data are used to estimate
the vegetation conditions, with the help of the African Real-Time Environmental Monitoring
Information System (ARTEMIS). ARTEMIS regularly distributes data products describing rainfall
probability and actual precipitation derived from Meteosat and also timely information on crop
conditions and food shortages due to droughts, desert locusts, etc., through NOAA-AVHRR
derived Normalized Difference Vegetation Index (NDVI). The early drought warning system in
Malaysia relies primarily on the Agro-Ecological Zonation and Agricultural Rainfall Index (ARI)
methods. Besides these two conventional methods, the use of satellite remote sensing for drought
preparedness is being developed under the Agro-climatic Impact Assessment Project (AGROCIA).
In India, short-term drought monitoring using NOAA-AVHRR data coupled with rainfall data is
being used on an operational basis.5/ This has enabled the concerned administrators to mobilize
resources towards efficiently managing the drought in their respective regions.
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Flood Management

Mitigation of damage caused by recurrent floods can be achieved by using remote sensing
information on terrain, surface water and identifying different risk zones in flood prone areas
based on the severity index of propensity of each zone for flood damage. Remote sensing
provides information on wet areas, standing water, sand cast areas, agricultural land which is
completely damaged, marooned villages, canal systems and drainage patterns, thus assisting in
taking appropriate measures to mitigate the sufferings of affected people, and for making reliable
estimates of damage. For example, the floods in Bangladesh during July-August 1988 which
were mapped using Landsat and IRS-1A data, formed the basis for international relief to
Bangladesh on the order of $600 million. Flood mapping has been operational in India, China,
Bangladesh, Pakistan and Latin America and management plans are drawn up for each flood risk
zone. Particularly in India, microwave data from the ERS-1 SAR is operationally used along
with optical data from IRS-1A/1B for flood management.

Earthquake Studies

The extensive mapping capability of geological and geomorphological features by remote
sensing satellites 1s of immense help to study the proneness of an area towards earthquake. Even
though the science of earthquake prediction 1s still in its infancy, the possibility of measuring
even small tectonic movements using laser ranging techniques or differential GPS systems,
combined with temperature measurement on the surface, for studying earthquake disasters is quite
promising.

Landslide Studies

The likelithood of a landslide occurring is assessed through the identification of critical
combinations of site conditions, such as soil characteristics, degree of slope, type of bedrock,
vegetative cover, and rainfall and snow-melt conditions that correlate well with the past
occurrence of landslides. Remote sensing satellites, with their ability to view synoptically and
stereoscopically, together with aerial remote sensing, are very effective in determining the slopes,
landforms, soil characteristics and vegetation cover over even smaller areas. This has greatly
enhanced our capability for preparing land hazard maps in mountain regions. A number of studies
have been conducted India using Landsat and IRS data along with aerial photographs to develop
appropriate methodologies for terrain classification and preparing land hazard maps in the
Garhwal Himalayan region, Nilgiri hills in south India and in the Sikkim forest area. This has
helped in the preparation of action plans for managing landslides in these regions.

INTEGRATING ENVIRONMENT AND DEVELOPMENT IN DECISON MAKING

The term environment is broadly interpreted to include the complex of physical, social,
cultural, economic and aesthetic factors which affect individuals and communities and determine
their form, character, relationship and survival. Thus, achieving a better quality of life is possible
only through including environmental concerns in the developmental process. The first step, in
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this regard, is harmonization of sectoral development plans and the second one is to conduct
Environment Impact Assessments (EIA) of development activities. While the accomplishment
of the first step calls for real-time information on the mutual interdependence of various resources
and their functional relationship with the quality of environment, the EIA aims at achieving
judicious balance between economics and ecology through internalization of environmental
quality considerations in the decision making process.

Remote sensing inputs on terrain, soil characteristics, agricultural practices, vegetation
patterns, land use and overall habitats are extremely valuable for deriving certain crucial
parameters which indicate the quality of natural systems and the environment before, during and
after the proposed implementation of decisions to enable, if required, the adoption of alternate
routes for development, process technology and project sites. There are many operational
applications of remote sensing worldwide demonstrating its utility in monitoring the environment
and providing extremely useful information for environmental management. For example, using
remotely sensed inputs, studies have been conducted in India on environmental consequences
such as deforestation, accelerated soil erosion, siltation of rivers and reservoirs, increases in the
frequency of floods, landslides, shifting cultivation, urban sprawl and pollution, river pollution
by domestic sewage and industrial effluents, land degradation, and of developmental activities
ranging from rapid industrialization and urbanization, to the commencement of multipurpose
river-valley projects and mining activities.6/ The awareness created by such types of studies in
many parts of world has prompted many governments to impart environmental integrity to
ongoing developmental activities. For example, in India, the National River Action plan aimed
at improving water quality of the rivers is making use of this technology for setting up sewage
plants for towns/mega cities located along stretches of the most polluted rivers in the country
(Ganga, Yamuna, Hooghli, etc.) Similarly, the metropolitan development authorities of
metropolitan towns in the country have taken special note of this technology for their future plans
of growth ensuring a clean environment and improved quality of life, especially in urban areas.
Another classic example of using space remote sensing towards resolving the conflict between
environment and development is unsustainable aquaculture which causes destruction of
mangroves, salination of soil and drinking water supplies, and increases pollution risks and
disease threats. Environmentally-friendly aquaculture can only be achieved through proper
integration and analysis of diverse kinds of resources such as accurate assessments of land, water,
environment, and the economic and human resources of a region. Studies have shown that
remote sensing techniques coupled, with the use of GIS, could be gainfully utilized for such
comprehensive analysis which otherwise is difficult through conventional techniques. While
increasing awareness of integrating environment and development in decision making is being
felt worldwide, space remote sensing offers valuable technological solutions in this regard.

Towards Sustainable Development of Natural Resources

The pursuit of a high quality of life for society as a whole is routed through sustainable
resource management while conserving, preserving and enriching the quality of the environment.
Sustainable development aims at ensuring environmental protection and economic growth with
parallel compatibility. The models of development must be in harmony not only with the pressing
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needs of a growing population but also with the natural processes and functions of ecological
systems. Any effort in this regard, calls for a holistic view of natural resources and the
environment and an understanding of the mutual inter dependencies of various resources and
ecosystems, while integrating the relevant environmental imperatives in the overall development
process. The capability of satellite remote sensing to provide an unbiased and synoptic view of
the natural resources, in a timely and cost effective manner, offers a viable technological solution
to the problem of imparting environmental integrity to development processes at all levels.

The satellite remote sensing-based Integrated Mission for Sustainable Development
(IMSD) is a unique Indian experience to evolve action plans taking a holistic view of available
resources in the backdrop of socio-economic conditions of watersheds. The overall spectrum of
IMSD includes: (i) generation of a spatial data base on natural resources using satellite data;
(11) synthesis, scientific analysis and integration of these data with collateral information such as
meteorologic inputs, socio-economic, cultural and demographic information. (See Figure 10.); (iii)
identification of coherent microlevel land units which are unique in terms of their resource
potential and problems; (iv) evolution of locale-specific action plans for development; i.e.
alternate land use practices, soil and water conservation measures, etc., consistent with terrain
suitability, socio-economic and technical feasibility and cultural acceptability; (v) evaluation of
these action plans by experts pooled from line departments such as agricultural, water resources
soil conservation, geology, administrators, resource scientists and local progressive farmers; (vi)
implementation of the action plans by the District Authorities, polling resources from various
ongoing developmental scheme, and NGOs and local beneficiaries; and (vii) monitoring the
overall impact by using multi-date satellite data. A comprehensive National Resources
Information (NRIS) around a GIS core has been envisaged for an easy integration of spatial and
non-spatial data.7/ Thus, IMSD is, end-to-end, a comprehensive action programme aimed at the
optimal realization of resource potential, the harmonious development of land, water and other
resources of an area on a sustainable manner, taking the holistic view of the region with the
active involvement of all concerned departments.

Under the IMSD programme, the locale specific developmental plans generated for
selected watersheds in different parts of the country are being implemented. Preliminary results
from these watersheds where the action plans have already been implemented, show significant
improvements. For example, Anantpur, a drought-prone district in the rain shadow zone in
peninsular India, receives just 500 mm of average annual rainfall, which is the second lowest in
the country. The climatic anomalies, along with unsustainable agricultural practices over the
years, had transformed this into a drought-prone district forcing the local inhabitants in some part
of the district to migrate to other areas. As a part of the action plans, developmental packages
such as identification of suitable sites for water harvesting structures, i.e. check dams,
percolation tanks, farm ponds and the evolution of better agricultural practices suiting the terrain
characteristics were implemented. The implementation of these action plans have resulted in: ()
reduction of run-off loss by about 50 per cent, (ii) increase in the water level from 0.9 to 5 m
due to the impact of check dams and percolation tanks; and (iii) improvement of agricultural
productivity by 2 to 5 times. (See Figure 11.) Encouraged by the early results and convinced of
the potential of remote sensing technology in achieving sustainability of land and water resources,
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the mission has been extended to 174 districts covering more than 45 per cent of the geographical
areas of the country. It is now being realized that the integration of space-based inputs in the
micro-level development processes of the country with the active involvement of all concerned
organizations will be a major step towards improving the quality of life especially of those poor
people who are living in degraded and vulnerable ecosystems, experiencing hunger, tremendous
hardship and deprivation.

BETTER QUALITY OF LIFE THROUGH A GLOBAL ALLIANCE

While the capability of space technology towards ensuring a better quality of life is an
established fact, it is unfortunate that there are many countries who are yet to fully utilize the
potential of space technology in this regard. There are obvious reasons for this, which vary from
resource constraints to lack of governmental support. Even otherwise, it may not be a viable
option for any nation to have all satellites that could meet the varying requirements needed by
different applications. For certain nations, it may not be even appropriate to have dedicated
satellite missions. Thus, a global initiative and international assistance becomes absolutely
essential, and bilateral and multilateral cooperative efforts need to be encouraged.

Training and development is an important area where international cooperation can yield
excellent results. The establishment of the proposed United Nations Centre for Space Science and
Technology Education in the Asia-Pacific Region will be a major milestone in this regard.
Besides imparting specialized training in space technology development and applications, sharing
of experience among various space faring nations as well as joint technology and application
development programmes, will no doubt, further our efforts towards realization of goals.

While continuing our efforts towards a global alliance, it will be quite appropriate to
select several areas to make a beginning. These could be environmental monitoring, education
and health care and disaster management. In addition to the approximately 20 satellites that have
been launched since the beginning of this decade, nearly 50 satellites have been scheduled for
launch in the next 10 years which are expected to provide data related to land, ice and snow,
ocean dynamics, ocean biology, atmospheric dynamics, water cycle and atmospheric chemistry,
thus encompassing almost every aspect of environmental monitoring. International agencies need
to work out strategies at the regional and global levels for the effective utilization of the data that
will be available in varied resolutions with wide-ranging information.

Using a constellation of geosynchronous, equatorial and polar orbiting satellites, well
connected by a network of ground stations, a global arrangement for education, health care and
disaster management appears to be a viable option. A system concept of the proposed Global
Satellite Network for Education, Telehealth and Disaster Management (GLOSNETAD) is given
in Figure 12. The space segment of this system can be a constellation of communication and
meteorological satellites. Existing meteorological and communication satellites could be used in
the initial phase. The ground segment consists of a number of major and minor nodes along with
a set of disaster warning systems situated at major disaster prone areas. The major nodes, which
could be regional or national depending upon the geographical area under its coverage, are Super
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Specialty Centres, with facilities to receive and analyze meteorological data, disseminate disaster
warning messages and educational programmes as well as the capability to provide medical
consultancy services to the practitioners at the minor or local nodes.

Figure 13 shows the disaster management component of the proposed network. A
meteorological data utilization centre attached to each main node collects meteorological data and
after analysis, the information about the severity of the disaster is sent to the local nodes through
a communication satellite. In the case of a cyclone, the warning is sent to the receivers on the
ground which are tuned to receive specific codes that are assigned to particular locations. The
main node, after determining the likelihood of a cyclone hitting a place, can select the appropriate
code and this signal which is relayed back to the ground receivers is sent by the satellite. Only
those receivers tuned to the particular code transmitted activate a siren loud enough to be heard
by the people in the neighbourhood. In the case of floods and droughts, detailed information can
be sent by the main node to the concerned agencies after analyzing the data.

The education and telehealth components are shown in Figures 14 and 15. The central
production units attached to each main node can produce the educational programmes which are
telecast to local nodes or to the beneficiaries using a communication satellite. This component
could be used for distance education, developmental communication or interactive training
purposes. Similarly, the medical practitioners attached to the local nodes can interact with the
experts available at the specialists hospital attached to the main node.

In the initial phases, the existing satellites can be used and main nodes can be established
in each continent. Once the system is operational, a dedicated global network can be established.
It is found that a constellation of 12 geosynchronous satellites, eight in the equational orbit and
four in the polar orbit, can meet the requirements. Meteorological and communication payloads
can be flown on these satellites, as in the case of the multipurpose INSAT satellites of India.

CONCLUSION

Quality of life is a multi-dimensional concept that varies from individual to individual;
but it is an accepted fact that the technological advances which have resulted from humanity's
quest for scientific exploration and the desire to increase living standards, have greatly improved
the quality of life all over the world. While improved quality of life is the result of a number
of factors, a close monitoring of associated indicators and addressing the critical issues, especially
those related to economic development, education, food security, health care and sanitation and
environmental integrity can only improve the living conditions. Added to these are a host of
other factors ranging from entertainment and human connectivity to enrichment of the human
mind. Space technology lends itself as a powerful tool to address these issues. A global initiative
1s very much essential to ensure that the fruits of technological advances are reaching the poorest
in the least developed nations, where poverty remains the central issue. It is becoming more and
more clear that the challenge of poverty and the challenge of the environment are not two
different challenges but two facets of the same challenge. As the former Prime Minister of India
Smt. Indira Gandhi said at the United Nations Conference on the Human Environment in
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Stockholm in 1972,

" .we do not wish to impoverish the environment any further and yet we cannot for a
moment forget the grim poverty of the large numbers of people. Poverty and need are the
greatest pollutants. For instance, unless we are in a position to provide employment and
purchasing power for the daily necessities of the tribal people, who live in and around our
jungles, we cannot prevent them from combing the forests for food and livelihood, from
poaching or despoiling the vegetation when they themselves feel deprived. How can we
urge the preservation of animals? How can we speak to those who live in villages and
slums about keeping the oceans and rivers and the air clean when their own lives are
contaminated at the source? The environment cannot be improved in conditions of poverty,

nor can poverty be eradicated without science and technology ".
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MANAGING SMALL-SCALE SPACE PROJECTS IN DEVELOPING COUNTRIES:
CHALLENGES AND PROBLEMS’

C. H. Matarira
Environment and Remote Sensing Institute
Scientific and Industrial Research and Development Centre
Harare, Zimbabwe

INTRODUCTION

Resource managers in developing countries face a number of formidable land use
problems ranging from urbanization and deforestation, to sustainable development of energy,
land and water resources. The urgency of major environmental issues such as desertification, soil
erosion, drought and locust plagues, emphasizes the need for remote sensing and Geographic
Information System (GIS) technologies in developing countries. Many of these countries have,
however, recognized the potential benefits of these technologies in those fields. These tools have
been developed to monitor environmental change and for the purpose of planning sustainable
development. In this context, satellite data should be considered a valuable tool offering new
opportunities for a number of applications within mapping, planning of rural development and
management of natural resources.

Today, many decision makers lack comprehensive, up-to-date and accurate information
on the resources they manage. Some areas of Africa and Latin America have never been mapped
at the scales needed for sound resource management. Census statistics are usually outdated in
many parts of the world and information on how important resources are changing is essentially
non-existent.

POTENTIAL APPLICATIONS OF REMOTE SENSING TECHNOLOGY

Remote sensing systems make it possible to collect and analyze information about
resources and land use over large areas. Computerized GISs allow resource managers to process
large volumes of geographically referenced data from multiple sources. These data can be
integrated to produce maps, monitor changes in resources and model the impacts of management
decisions.1/ Many resource managers in both developed and developing countries have already
benefited from these technologies in fields such as watershed management, agriculture, forestry,
conservation. mineral resource development and prevention and mitigation of natural disasters.

Remote sensing data can be used in a GIS to measure and map many features and
phenomena of interest to resource managers as well as to inventory large areas more cost-

This paper, which was presented at the United Nations/ESA Symposium on "Space
Technology for Improving Life on Earth," held at Graz, Austria, 11-14 September, 1995, does
not necessarily reflect the views of the United Nations.
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effectively than by using ground-based techniques. Remote sensing techniques have a lot of
advantages over ground-based techniques. They are generally more cost-effective than ground-
based techniques for mapping surface features over large areas. Depending on the size of the
area, the nature of the information required and the amount of field verification needed, the cost
of remote sensing inventories is usually one third of the cost of conventional ground surveys.
These systems provide the most accurate information on isolated or inaccessible areas. They also
provide information on dynamic processes and are an effective tool in monitoring the impact
of resource management decisions.

Remote sensing can provide data on many of the Earth’s features: topography, soil type,
near surface geology, vegetation, surface water, shoreline, coastal resources, the oceans (surface
temperature, abundance of and changes in organic material, such as algae), atmospheric
temperature, cloud cover and pollution.2/

Remote sensors make it possible to update data more frequently than ground-based survey
techniques and, in theory, to monitor changes occurring in features in near-real or “real enough”
time. With frequently updated information, resource managers can monitor dynamic processes,
such as changes in ocean productivity (i.e., changes in chlorophyll production by plankton as an
indicator of likely changes in fishery locations), crop growth and vigour, erosion, deforestation,
environmental pollution and urban sprawl.

Upgrading of topographic maps (at a scale of 1:50,000 and smaller) can be done based
on SPOT data. Most of the important map features can be detected on high quality satellite data.
While traditional updating for a whole country would take decades to complete, the use of
satellite imagery could reduce this to 2-3 years.3/ In addition, it is far more cost-efficient
compared to traditional mapping techniques. SPOT (or Landsat TM) data offers excellent
opportunities to derive vital information concerning land use and biomass, relevant for energy
planning, management of natural resources and agriculture. Using satellite data, it is possible to
make time series mapping and monitor changes in land use and vegetation cover. This is a
useful tool for environmental monitoring and impact assessment, especially in many African
countries where areas of natural habitats, forests, agricultural land and infrastructure are now
undergoing rapid changes, some of these, seriously affecting the environment and the possibility
of sustainable development. In these countries, the maps available are not always updated and
there is a strong demand for additional information on these subjects. SPOT XS/Landsat TM
data can provide much of this additional data. Using GIS, it is possible to update these data with
new recordings, make change detection analyses, statistics, maps and other geographical
presentations. There is an urgent need for updated information on the status of many of the
forest reserves in Africa. Multispectral satellite data with a resolution of 20-30 m is particularly

well suited for forest classification.4/ Areas of encroachment and other significant changes of
forest are easily detected.

Resources and environment are the main issues concerning sustainable development which
balances resource exploitation, resource conservation and the protection of the environment.
While in the developed world, governments, decision makers, administrators, and communities
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are conscious of the necessity for such a balance, notwithstanding serious problems such as
industrial waste and other pollutants, their resource management models have incorporated the
concept of sustainability and environmental custody. These countries also have the financial,
technical and human resources, coupled with the political will, that are required to implement
those models.5/ In the developing countries, and more critically in Africa, damaging changes in
the domain of natural resources and land use are taking place at an incredibly rapid pace.

What is worse, is that many developing countries do not possess the necessary resources
to assess and measure these changes and to understand their nature, much less to design ways
to undertake and control them.

COMMON BARRIERS FOR REMOTE SENSING AND GIS IN DEVELOPING COUNTRIES

The remote sensing technologies have been developed mainly in the developed countries.
Today the developing countries seek to use these technologies for their planning and development
programmes, but most of these countries are not fully prepared to utilize these technologies.
Remote sensing and GIS have three important components: computer hardware, application
software modules, and a proper organizational context.6/ The problems are related to the cost
of data, trained manpower, software development, leadership, organization and funding.7/

OBSTACLES RELATED TO SYSTEM INPUTS

Data access

There is a growing realization that problems of environment and development are
exceedingly complex. To understand them and to find solutions, resource managers need to have
the right kind of data as well as the means to manage and interpret large volumes of data from
different sources. New technologies such as remote sensing and GIS make it possible to collect,

integrate and analyze data more thoroughly, accurately, quickly and cost-effectively than ever
before.

Remote sensing technologies collect billions and billions of bits of data. GISs can process
these data with other types of data to provide the information needed to address complex resource
management problems. However, many users of these technologies do not know how to find out
what data exist, where, in what form and how they can be acquired.8/ Remote sensing
techniques have many advantages over ground-based techniques. They are generally more cost-
effective than ground-based techniques for mapping surface features over large areas. Depending
on the size of the area, the nature of the information required and the amount of field verification

needed, the cost of remote sensing inventories is usually one-third of the cost of conventional
ground surveys.

Resource managers around the world need access to “data about data” for their particular
applications. They need to know what data are available at the regional, continental and global
scales. Access to data of different kinds, primarily “ground truth” data to verify remotely sensed
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information and other “conventional” data, such as maps and statistics for use in a GIS, remains
a major problem.9/ While reference data banks exist for space-borne sensed data, other types of
data are spread out among different locations. No clearinghouse arrangement exists for
cataloguing or managing all available data sets. This situation may well improve in the future,
because national and international agencies that collect and manage data have begun to cooperate
on the matter.

The exchange of data within and among local, state, regional, provincial or national
agencies is another important, and complex, issue. Some countries feel that some types of
resource information could be sensitive, and are reluctant to make them readily available. But
addressing global issues such as ozone depletion, acid rain and loss of biodiversity requires data
exchange across national boundaries. Sharing data at local levels is also important for solving
problems such as water pollution caused by agricultural wastes.

Data Standards

The use of differing standards for data collection and archiving is a further impediment
to the optimum use of remote sensing and GIS technologies. Analyzing resources over large
areas with a GIS is facilitated by having reporting standards that apply over a series of scales
from local to global. For example, data should be of similar types, classes, quality, precision and
resolution. These requirements are difficult to meet when, as is often the case, the data have
been collected using different methods. Data integration is greatly enhanced if data are stored
in an electronic format. At the present time, however, most data are stored in printed, rather than
machine readable form. An added benefit of electronic formatting is that it indirectly favours a
move towards standards in data collection. National and international standards on data may
facilitate data exchange.

There are also difficulties in obtaining relevant data due to lengthy procedures which are
a result of the lack of direct access to ground receiving stations.10/ The cost of data becomes
a significant barrier in the transfer process. The cost of both hard copies of imagery and
computer compatible tapes (CCTs) is another problem.11/ Difficulty in determining the relative
usefulness of data products available for purchase has also been identified as a problem.12/

LOW ECONOMIC STRENGTH TO PURCHASE AND MAINTAIN EQUIPMENT:

Although less expensive than traditional ground-based survey techniques for inventorying
large areas, the cost of acquiring and processing satellite data is not negligible. The costs
associated with the purchase of data interpretation equipment have been identified as a major
barrier to the technology transfer process.13/ Most developing countries cannot afford digital
processing equipment.14/ In addition, there are supplementary expenditures related to the
equipment, such as costs of operation and maintenance.15/ Not only must the cost of
expendables, spare parts and maintenance be considered, but also the salaries of those who run
the equipment and analyze the data.16/
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A data base which can be updated multi-temporally needs the application of satellite data.
The handling of such data is always a high cost performing task. In most cases obtaining digital
satellite data is beyond the financial capability of the small-scale organization in a developing
country.

General statements about the costs associated with remote sensing and GIS are difficult
to make because the costs are highly variable. Start-up costs for a GIS are roughly 10 per cent
for hardware, 10 per cent for software and 80 per cent for data base construction. Maintenance
and training costs also need to be anticipated.

Much of the remote sensing data available must now be purchased from commercial
sources. Many users feel that the purchase price of data is, in itself, a constraint on the
application of satellite remote sensing imagery to environment and development problems.
Relatively few cost-benefit studies have been conducted. The newness of the technologies and
the fact that benefits accrue only in the longer term make cost-benefit analysis difficult and
complex. With time, however, it will be possible to better assess and quantify what remote
sensing and GIS technologies have to offer.

The lack of funding for remote sensing technology transfer (RSTT) is a major concern.17/
While funding from donors to developing countries represents the major source of capital for
RSTT investment, developing countries must rely, in part, on their own resources.18/ Support
for this technology transfer must be on a long-term basis if it is to be successful. 19/ Ultimately,
RSTT must compete for funding with other investment projects.20/ It is economically difficult
to implement a remote sensing and GIS laboratory in most of the developing countries without
foreign aid.

These financial problems also cause a low rate of participation from the developing world
at international symposia and workshops on remote sensing and GIS. In some cases, the lack of
economic strength blocks the continuation and improvement of on-going research.

HUMAN RESOURCES
Training

Remote sensing and GIS are complex technologies that require trained personnel for their
effective exploitation. Training is therefore a prerequisite, not only to begin using these
technologies, but also to keep up with rapid advances in their development. Training is required
at a variety of levels and in a number of forms, from one-day to one-week seminars for senior
resource management personnel, to two-week to three-month training classes for more technical
personnel, to university degree training at the undergraduate and graduate levels. To keep up
with the technology as it evolves, overviews and in-depth introductions and up-dates on new
developments, operations and maintenance should also be anticipated. Recognizing the importance
of training, a number of regional and international organizations offer training programmes.
Despite these efforts, however, the lack of trained personnel continues to be a critical constraint
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on the full exploitation of remote sensing and GIS technologies.

In order to maintain a remote sensing facility, a critical mass of trained personnel is
required. Thirty individuals, representing a number of disciplines, ranging from technicians to
experts in particular fields, are considered ideal for the successful operation of such a facility.
Most developing countries, however, cannot reach this critical mass. The lack of experienced
personnel i1s mentioned repeatedly as a barrier to the RSTT process.21/ The lack of trained
personnel who are capable of using remote sensing imagery and CCTs is also a problem and
some developing countries cannot use available CCTs due to lack of trained personnel.22/

As a result, cross-border cooperation, regional support facilities and regional centres
providing all the necessary functions are often substituted for national capability.23/ This
solution brings with it other problems, since national governments must cooperate to make such
a regional operation viable.

The multidisciplinary aspects of remote sensing technology require experts who are well
versed in both the natural and technical sciences.24/ When considering the needs of qualified
personnel in the RSTT process, one must consider the overall development activities of the
country to determine whether or not human resources are being diverted from activities of higher
priority, leading to adverse secondary effects.25/ Due to the scarcity of technical personnel in
developing countries, there is a high turnover in technical positions.

Another deficiency is related to the fact that local personnel have neither sufficient
managerial training nor experience.26/ Without an indigenous capacity to perform many of these
activities, countries are forced to bring in experts from donor countries.27/ This reliance on
outside experts costs valuable foreign currency and discourages development of indigenous
expertise.28/ Education and training represent critical elements in the transfer system. There is

need for short-term training as well as long-term education which provides a broader base of
understanding.29/

The lack of experts in handling and processing remote sensing and other data, computers
and software, designing GIS, and related technical matters presents a great limitation, Because
of this, education and training play crucial roles in the development of remote sensing and GIS
technologies in developing countries.30/ The required level of training and education is
dependent on the level of initial research and the individual educational environment of each
country.

The lack of userfriendliness in digital image processing equipment also creates a problem
for users in developing countries.31/

WEAKNESSES OF THE DECISION MAKERS

Ground-based techniques for collecting data and manual techniques for synthesizing
information are costly, cannot keep pace with constant changes in resource or land use, can be
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time consuming, or inaccurate, and make it difficult, or even impossible, to analyze large volumes
and diverse types of information. Yet many decision makers still rely on such techniques. Some
managerial level persons in developing countries stick to their own academic methodologies and
are pessimistic over application of technologies. Some may prefer to use extensive ground
surveys instead of low-cost black and white air photographs to make a simple map. The reverse
situation is where decision makers may buy advanced technological equipment, though their
institutions are not fully prepared to handle such facilities. In some cases politically appointed
institutional heads who deal with resource and environmental management, may have poor
general knowledge with regards to problem identification and application of new technologies.

INSTITUTIONAL WEAKNESSES

The problems associated with the process of importing necessary equipment is often cited
in many countries.32/ In addition to these problems, a common feature is the lack of physical
facilities.33/ Other limitations include the limited number and geographical positions of ground
receiving stations.34/ An impediment to the further use of these technologies is the lack of
adequate infrastructure. Infrastructure and institutional constraints, while of concern in all
countries, tend to have greater ramifications in developing nations.

Lack of cooperation among agencies is another major barrier to the RSTT process.35/
The size, structural complexity and tradition of organizations in developing countries are factors
which affect both the rate of acceptance and the rate of diffusion of RSTT projects.36/ There
is a need for institution building, which is necessary if technology is to be absorbed and used by
local professionals.37/ In many developing countries, the lack of these managerial and
organizational structures and of cooperative inputs, rather than insufficient technical manpower,
is a major obstacle and bottleneck in the use of technology to accelerate development.38/

For long-term sustainability, it is essential to have a comprehensive initial training follow-
up at regular intervals to deal with any problems related to an on-going project.39/ Externally

funded projects are often abandoned as soon as the donor aid stops, leaving behind loads of
hardware which can no longer be used.

POOR INFORMATION FLOW

The total success of the environmental and social development programmes in any society
depends on the degree of contribution of social sectors which can only be achieved through a
firm circulation of information within the local society and with international societies. In most
developing countries the environmental problems and related information flow among government
institutions, universities, private organizations and the general public is rather weak.

WEAKNESSES IN INTERNATIONAL COOPERATION

Developing countries have very little choice and have to accept any kind of foreign offer
in hardware and training programmes. Much of foreign aid is directly connected to the
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governmental organizations of the developing countries without consulting the local remote
sensing experts. Other organizational obstacles are related to the activities of donor organizations.
For example, donor governments have been criticized for establishing certain regional centres
without involving countries in those regions in the planning process.40/ Both government
agencies and private sector companies have been accused of overselling.41/ Sometimes this has
led to the transfer of inappropriate technology.42/

There is a lack of knowledge and communication about the costs and benefits, manpower
requirements, alternatives, new applications and sources of equipment, and a lack of information
about experiences using the equipment.43/ The lack of knowledge about technology related
products could be due to the rapid development that the technology has been going through, or
to the competitiveness and secretive attitude of the manufacturers.44/

CHALLENGES

Space technology has brought a new dimension to project management in developing
countries. It is proving to be the best option so far that can effectively solve the major mapping
needs of developing countries. Some of these countries have embarked on the regular use of
satellite imagery for important developmental projects. However, decision makers should decide
whether or not this technology can be applied successfully to high priority development
programmes and whether or not the benefits of remote sensing technology outweigh its costs.

The effective application of remote sensing technology depends on a number of factors.
These include the suitability of sensors, the performance of the technology transfer network which
connects technology donors with recipient organizations in the host countries, particularly with
the end users who will employ the technology in development projects, and inputs, e.g. funding,
training and data products, which must flow through the technology transfer system, if the
technology is to bear fruit.

Before acquiring remote sensing data, it is important to decide what types of data are
needed and whether the data are readily available “in-house” or within other agencies, or whether
they must be purchased. It must be determined which traditional data maps, site-specific
literature, and statistics are needed and the type and amount of “ground truth” data that will be
necessary to interpret remote sensing data. Acquisition of the right type of data, in the correct
format, and with the supporting medium, as well as delivery in a timely fashion are important
prerequisites for remote sensing technology to contribute effectively to development.

It is important to estimate the total cost of acquiring and processing the data and to ensure
that the management decisions to be made justify these costs. It is also necessary to identify
areas requiring funding. These include equipment, software, personnel, facilities, data supply,
maintenance, information dissemination, and research and development.

In the technology area, when a decision to use remote sensing technology has been made,
developing countries should identify and acquire appropriate equipment. In addition, there is a
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need to develop inter-agency data transfer protocols, and to ensure compatibility of systems.
Efficient, reliable, and affordable telecommunication links are essential. There is a need for data
base standardization, and for advice on data base structures. Sustainability can only be ensured
if there is proper maintenance and support of the system. In order to reduce costs, optimum
utilization of hardware and software is recommended.

To maintain a critical mass of technical expertise, technical education and continued in-
house technical training should be maintained. Developing countries should ensure back-up
support, and keep abreast with technological developments.

In view of the importance and utility of space technology, the political commitment to
ensure sustainability of the system is vital. This national commitment can only be reflected in
the relevant budget lines.

Remote sensing and GIS can be valuable tools for resource managers and policy makers
concerned with environment and development problems. But, despite technological advances,
diminishing costs and increasing “user-friendliness”, the potential offered by these technologies
has not been fully assessed or realized. Further research is needed to assess the costs and
benefits of using the technologies for various types of applications. In addition, a number of
constraints on the use of technologies -- mostly of an institutional nature -- need to be addressed.
They relate to data access, data exchange, data standards, training and costs.

Data sent by one user over an electronic network can be easily read by a user at the other
end of the network. Standards for “user-friendly” electronic transfer of spatial data would help
facilitate electronic data exchanges, as long as the standards did not increase overhead costs or
impose other burdens on users.

Other standards for data archiving also need to be considered. What data should be kept,
for how long, on-line or off-line? How often should data be updated? Should data be discarded?
These are some of the questions which have only recently begun to be addressed. The outcome
of efforts to move towards standardization will be a critical factor in determining whether multi-
source data sets in specific fields can be fully and optimally integrated. But, whatever the future
holds with regard to standardization, the difficult task of integrating the large amounts of data
already in hand will continue to require attention.
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INTRODUCTION

Believe it or not, the unheralded and unrecognized key to the future of the so-called
Global Information Infrastructure (GIT) may not be the fibre optic cable, but actually the new and
improved satellites and digital cellular systems of the 21st century. There can be no absolute
proof of this statement for at least anther decade. And yet there is a convincing body of evidence
that suggests that wireless telecommunications technologies and applications will be pivotal.

This is not to say that fibre optics will not be a major part of the future global information
highways. They undoubtedly will be the central fabric of information super highways -- this
much is largely gospel. No, the reason satellites and wireless technologies will be so very key
is that they will provide the critical missing link that no other telecommunications technology can
supply. To understand this proposition, we must begin by understanding more about what a 21st
century GII will be like. It will, for instance, consist of many parts rather than a monolithic
whole. We also need to begin to visualize what the so-called GII implies in terms of services,
application, market and technology.

Fibre optic systems, coaxial cable, wire, wireless, and satellites define the key
transmission technologies of our future networks. These transmission technologies, however, are
like tailored clothes. Certainly neither one size nor one material fits all.

The proposed National Information Highway inside the United States and a subsequent
global version of this broadband, low-cost and widely accessible information network has been
extolled by President Clinton and Vice President Gore as almost a panacea. Advocates assert that
the coming new electronic infrastructure will enhance the productivity of workers, assist in
reducing trade deficits, aid health and education, and boost manufacturing and services. Many,
however, have become jaded about the so-called "National or Global Information Hypeway"
simply because so many claims have been made about its virtues. Excessive enthusiasm has
made a skeptical public naturally reluctant to "plug-in" to what some tend to see as
"technological overkill." The public is fearful that the coming information networks could also
mean higher taxes, lost jobs, or technological intrusiveness into their lives.

This paper, which was presented at the United Nations/ESA Workshop on "Space
Technology for Improving Life on Earth," held at Graz, Austria, 4-7 September 1995, does not
necessarily reflect the views of the United Nations.
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In this examination of the information future and the potential of accessing so-called
cyberspace, the term Global Information Infrastructure or GII will be most commonly used rather
than the Global Information Highway. This is primarily because the term "highway" can in some
important ways be misleading. A highway system is a physical structure typically built by
governments and, once built, is quite static and hard to change. Our 21st century information
networks are more likely to look and behave more like neural networks inside the human brain.

These networks will be highly dynamic and will grow or shrink with levels of usage. In
many cases involving wireless and satellite technologies they may be "more virtual than real" and
also may well be built by private enterprise in a competitive environment. For these reasons and
more, the "highway" analogy seems poorly suited. Instead, "reference points" such as neural
networks or nervous systems seem more apt. Regardless of what we call these networks of the
future there remain basic concerns about how they will impact society, both positively and
negatively. Ultimately the questions are: "Is the GII a good or bad thing?" "Will it help just the
developed economies or everyone?" "Will the GII be the same everywhere or will it adapt to
different countries' social, economic and technical capabilities and needs?"

The skepticism factor in response to the media blitz is high not only in the United States
and other countries of the Organization of Economic Cooperation and Development (OECD) but
around the world. John Malone, Chairman and CEOQ of cable television giant TCI and a strong
advocate of the new electronic technologies, has conceded the following:

"The greatest challenge of any company deploying components of the NII [or the GII]
will be staying flexible enough to respond to consumer demands as they begin to
crystallize. At this early stage, consumers themselves are not sure how they will use
these new capabilities. .."

The biggest problem with the GII today is that would-be suppliers want a part of this
lucrative information network, but they also want to sell their particular part to the exclusion of
their competitor's part. There is thus no coherent whole to the GII among would be suppliers of
hardware or services. Almost no one agrees when it comes to what it is, what the GII is good
for, or how much it will cost. Everywhere there are advocates for various "parts" of the GII.
Some have suggested that the key to the GII is simply putting the entire world on a high fibre
diet. This idea of an information infrastructure that is like a highway or a railroad is an image
that is both static and not at all reflective of the agility and responsiveness of modern digital
telecommunications. It is in fact a 19th century or at best an early 20th century image. Others
have suggested that telephone companies could extend their wire networks through digital
compression techniques, while others propose that direct broadcast satellite and digital cellular
systems will define information systems that are more diverse, mobile and ultimately "user
attractive" than fibre or wire. Craig McCaw, founder of McCaw Cellular which was recently
purchased by AT&T, expressed such an alternative view when he said:

"Fibre broadens our telecommunications capacities, but to be truly valuable our
information networks must be able to jump the tracks and reach the individual users
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wherever he or she might be. Wireless technology and other service delivery options
other than fibre are more like the automobile than a highway."

Several attempts have been made to interpret where we are going in our bold journey into
our electronic future. Nicholas Negroponte, Director of the Media Lab at the Massachusetts
Institute of Technology, has projected the evolution of the GII in what has been dubbed the
"Negroponte Flip." This vision suggests that wireless systems for radio and television and
satellite services will shift to cable and that wire-based telephone services will shift to wireless
cellular services. In contrast, there are others who find such a dramatic headstand overly
simplistic. A future that sees the evolution of many new wire and wireless systems and a merger
of these systems into hybrid networks is reflected in what has now become known since 1993
as the "Pelton Merge." (See Figures 1 and 2.)

There are two basic messages in the Pelton Merge. One is that neither the NIIs in the
United States, Europe or Japan, nor the ultimate GII are going to be one dimensional. The future
needs of the marketplace will merge wire and wireless technologies into hybrid systems. The
second message is that the networks that combine to form the GII will be both vertical and
horizontal networks. On one hand, there will be hard wired hierarchical systems representing the
largely one-way or top-down approach where traffic is concentrated by electronic terrestrial
switches. (See Figure 3) This hierarchically concentrated model of telecommunications has also
been called the bomber pilot approach to information delivery when it applies to radio and
television broadcasting systems.

There will likewise be wireless and hybrid horizontal or interactive networks. (See Figure
4.) There will, in short, not be one neat formula or one single system. The multiple keys to the
various NIIs, and the GII that follow, are thus based on many different service requirements, cost
constraints, or need for flexibility and mobility. These hybrid wireless and wireline type networks
can combine fibre, coaxial cable, twisted pair, satellite and cellular wireless systems together into
a "seamless" network. This concept is shown in Figure 5. In such configurations, satellites and
other types of wireless technology can make networks more flexible, more robust and more
capable of providing dynamic services on demand. The advantages of having advanced satellites
in a network optimized for this purpose are listed in Table 1.

No single technology nor one single system can fulfill all of the requirements related to
the GII. We will need new high quality, open standards for hybrid "wire and wireless" networks
to succeed. Satellites and wireless technology, however, are now clearly the weak link in the
worldwide web that could allow a virtually complete "telecommunications village" to happen in
the 21st century. In fact, by the 21st century we may even begin to call it the "global brain".

If this conclusion is accepted as valid, then there remains some important problem-solving
to do. We must address the current deficiencies in the world of wireless and satellite
telecommunications. To put the problem rather bluntly, today's wireless and satellite technology
and services are lacking. They are lacking in terms of bandwidth, speed of throughput quality
of service, and transmission delay. Wireless and satellite technologies simply do not measure
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up to the projected broad-band needs of the NII and the GII. There are major deficiencies when
compared to the latest in high-quality fibre-optic technology.

Satellite technologists have pushed performance forward on the basis of a conventional
path of development. This path offered more capacity at lower cost and exploited economies of
scale in satellite antennas and power systems. The trouble is that this technical push did not fully
consider service or customer pull. The consumer was happy with more capacity and lower cost,
but very unhappy with echoes, transmission delays, lower quality, and user-unfriendly earth
terminals. The time has come when satellite and wireless technology must say to the
marketplace: "What do you want?" It should not longer say: "This is what you get whether you
want 1t or not."

TABLE 1
SATELLITES AND THEIR POTENTIAL APPLICATIONS TO THE GII

A. Service Needs

- Broad band and Multi-media Based Services (Symmetrical and Asymmetrical)
- Broadcast Services (Symmetrical and Asymmetrical)

- Software Defined and Personalized Services

- High Quality, Low Bit Rate Services with Universal Accessibility

B. Economic Constraints

- Value Differentiated Services
- Cost Minimization
- Cost-Based Pricing

C. Flexibility and Mobility

- Virtual Office Access and Complete Mobility

- Network Flexibility and Reconfigurability

- Service on Demand / Bandwidth on Demand

- Instant Connection Between Public and Private Networks
(Including Enterprise Networks)

Unfortunately the satellite industry is far from this highly responsive position today.
Certainly contemporary satellite or wireless networks need not apply. This is because of serious
limits in available bandwidth, throughput, bit error rate, and latency. This restriction to fibre
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optics is, however, contrary to popular belief, not a result of the limitations in the laws of physics
or even technology. The reason that neither digital cellular nor satellites are currently star
performers compared to fibre optic cable are simply because we have not developed and
implemented the necessary technology, allocated the right bandwidth, and removed the right
regulatory barriers.

Advanced satellites and innovative digital cellular technology can, in theory, do it all. As
hard to believe as it may be, satellite and other wireless systems of the 21st century can provide
digital rates of 100 Gigabits/second, can easily link end-users "faster" than fibre, and even
provide a near-zero bit error rate. Furthermore, terrestrial wireless and satellite systems, given
the right new frequency allocations, regulatory guidelines, and technological developments can
do all this at competitive prices. This will not necessarily be easy. In fact, given current
development programmes, sluggish regulatory reform, and frequency allocations, it 1s not even
probable that these results can be achieved. With some new and innovative thinking and key
allocation of physical and intellectual resources it nevertheless could be done.

A SCOT ANALYSIS OF CURRENT SATELLITE SYSTEMS

The first step forward is to undertake a hard-nosed reality check of the current situation.
Many very good satellite engineers wonder what the "fuss" could possibly be about. Satellite
designers can be excused if they tend to be a bit neurotic and paranoid. In the last 30 years
satellites have become over 1000 times more cost effective. Gains in power have been on the
order of 100 times, derived frequency efficiency through re-use and compression techniques have
gone up maybe 50 times and lifetime has gone up nearly 10 times. In a normal industry, such
remarkable achievements would be hailed as phenomenal breakthroughs. The trouble is that fibre

optics has made even more dramatic gains -- gains in throughput as well as gains in quality and
in overall performance.

In a classic strategic "SCOT" analysis of strengths, weaknesses, opportunities, and threats.
the satellite communications industry has a number of clear strengths and opportunities but also
clear weaknesses and threats as well. In terms of strengths, satellites have the following generic
advantages: dynamic service capabilities, flexibility, and cost efficiency.

Service Strengths

Ability to deliver wide area broadcasting service. Provision of service to mobile
transceivers. On-demand delivery of bandwidth and service. Multi-point to multi-point
networking in Mesh-type systems.

Flexibility

Flexibility to add service to any point at any time. Creation of flexible networks from
thin to heavy streams on demand.
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Cost Advantages

Cost effective coverage of rural and remote areas and distance-insensitive link
connections.

Strategic Weaknesses of Current Satellite Communications

The weaknesses and threats, however, are also abundantly clear. These include the
following:

- Lack of sufficient broad band frequency spectrum.

- Difficulty of operating in new millimeter wave bands due to rain fade.

- Transmission delays especially for geosynchronous satellites.

- Difficulty of maintaining consistent or sustained high quality (i.e. Low Bit Error Rates).
- Echo, rain fade, sun spot outage, scintillation.

- Maintaining cost competitiveness vis a vis fibre for high volume trunking service (i.e.
bits/dollar)

- Difficulty of maintaining system security and privacy of customer messages.

- Complexity, size, and cost of ground antennas.

In short, one size does not fit all. (i.e. the customer has to consider whether this is a
service that satellites can perform well and deliver at low cost or not?)

Satellites have made progress in many of these areas, but in comparison to fibre optics,
simply not enough. To some customers, satellites are a nuisance which force too many consumer
decisions. The appeal to many is that fibre optics can simply do it all -- except for mobile
services. In short, some customers see satellites and wireless "as needed" technology only for
mobile services.

Out of weaknesses and threats, however, can come important new opportunities. The
potential exists for satellites to break out of their current constraints and to employ totally new
technologies and architectures to revive and reinvigorate the space communications community.
We do not necessarily get to where we need to go by extrapolating and extending current
technology trends. There are thus two things to derive from this SCOT analysis. The first
conclusion is that improving past technology is not enough to overtake fibre technology. The

second conclusion is that if satellites are to play a truly key role in the future, they must be more
than just a mobile service provider.

SATELLITES VERSUS FIBER OPTIC CABLE

Table 2 shows a comparison of current fibre optic technology versus geosynchronous fixed
satellite service.

The advantages of fibre optics over current geostationary satellite technology seems
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drawn when comparing today's geosynchronous satellite to the best of today's mono-mode
systems. Even if one were to chart a course of rapid progress for satellite development in
wally all performance areas, the issue of latency in the transmission path will always remain
or geosynchronous orbit (GEO) satellites. The GEO satellite system will be always lacking in
customer performance when it comes to delays of a quarter of a second or more. Latency is a
huge (but often unspeakable problem) in the world of GEOs. Another way of saying this is that
satellites in Clarke orbit might continue to play a key role in a broadcast mode, but their longer
term role in the Public Switched Telecommunications Network are akin to the role of the
“terminally 11"

TABLE 2

SATELLITES VERSUS FIBRE OPTICS TODAY

PERFORMANCE GEO SATELLITES FIBRE OPTICS
MEASURE
Typical Throughputs 500 Mbs-3000 Mbs 1000 Mbs-5600 Mbs
Quality of Service (BER) 10”7 10"
Security of Service Low but improving High
Cost of Service (Bits/$) 10/$1 10°/$1
Transmission Time <250-500 ms <100 ms
Available Bandwidth 3000-4000 MHz virtually unlimited

Furthermore, as future innovations in digital processing range upwards toward speeds of 1-10
GHz/second, the issue of transmission delays becomes more and more critical. Prototypes of
optical processors that can operate at 10 GHz per second are only 10 cm across simply because
calculations at these speeds must be confined to such dimensions consistent with limits imposed
by the speed of light.

In short, the future demands of high data rate processing and imaging will impose key
constraints on 21st century telecommunications systems (i.e. the NII and the GII). Ultimately
there will be a need for truly low latency systems that are at least 50 times more rapid end-to-end
than geosynchronous satellites. There are thus major longer term barriers to the use of
geosynchronous satellites. Due to latency, GEO satellites will simply not be allowed to provide
a full range of NII/GII services, although applications such as direct broadcast satellites will
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remain. Our new advanced digital satellites must then be low Earth orbit (LEO), medium Earth
orbit (MEO) or High Altitude Long Endurance (HALE) systems in order to meet the latency
requirement. This is then just the| starting point. Next our "designers" must solve all the other
problems outlined above as well. It is a challenge, but it is possible.

ADVANCED SATELLITE COMMUNICATIONS SYSTEMS OF THE 21ST CENTURY

Down is not out. Satellite technology has the potential to make a major comeback. In
fact, in Europe and Japan major investments in research and development are being made to seek
a global lead in this critical area. Satellites have the potential for overcoming current
performance gaps versus fibre optic cable and to do things that fibre simply cannot do.
Furthermore these gains in satellite technology can be applied to terrestrial digital wireless
systems as well.

Key New Design Objectives

Let's start with basics. How could one design such an "ultimate" satellite system? To
start with, it would require an end-to-end transmission delay of under 100 milliseconds and could
transmit up to 100 Gigabits/second with a near zero bit error rate and with no echo. It would
need to operate with a total systems cost (ground and space systems) that is competitive with
fibre optic cable. Communications should also be secure, compatible with voice, data,
multi-media, video, and imaging, and readily able to interconnect with fibre optic cable or
terrestrial cellular systems through open standards. Finally, we should make our ultimate satellite
system capable of providing fixed, mobile or even broadcasting services as well.

Where would we start in our design project for the ultimate early 2Ist century
communications satellite? Clearly one would look at the best of today's technology. This would
mean reviewing the Teledesic design for a 840 satellite mega-LEO system as well as examining
the Hughes Aircraft Company's filing for the so-called geosynchronous Spaceway system. One
might wonder why the Motorola satellite system with its complex technology is not included as
well. The answer is that Motorola's system relies on only 5 MHz of capacity in the 2 GHz range
and this means that this system and its technology can only serve very narrow band mobile
requirements and never the broad band needs of the NII and the GII. Furthermore, most of the

key technologies represented by Motorola's system are incorporated in either Teledesic, Spaceway
or both of these systems.

Looking further afield into experimental systems, one would review the technology
represented by the best of Japanese technology. This would include the ETS-VI and ETS-VII
projects, the COMETS mobile and broadcast experimental satellites and the OICETS optical
intersatellite link experiment. One would also examine work of the Advanced
Telecommunications Research Center in Kyoto in the areas of artificial intelligence and advanced
system design. In this review of Japanese technology one would learn a great deal about optical
inter- satellite links, bit-by-bit regeneration of signals on the satellite, satellite millimetre wave
applications, and about AI applications to very complex beam interconnection systems. One
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would also look to the European Space Agency's ESTEC facility to learn about the ARTEMIS
programme, as well as SILEX, and Olympus. In addition, the Italian experimental satellite
project to investigate millimetre waves, known as ITALSAT, would also be of great interest.
Thus, in Europe one would also learn about optical ISL's, on board processing, and the use of
millimetre wave bands.

More could be learned by meeting with industrial organizations. There is much to
assimilate with respect to space and ground antenna designs, power systems, monolithic
technology, and use of artificial intelligence (Al) to compensate for rain fade issues. There is
also much to be learned about the latest in modulation, encoding, and multiplexing systems. High
on the list would be Dense Wave Division Multiplexing and new encoding systems and
polarization techniques that might allow future band sharing between GEO, MEO, LEO and
ground systems. One would also need to be educated about the latest in superconductivity thin
film technology, breakthroughs in electronically steerable phased array antennas, and even the
amazing new Unattended Autonomous Vehicles (UAVs) or Remotely Piloted Vehicles (RPVs)
that will shortly make possible so-called atmospheric geosynchronous satellites.

These platforms, which are also sometimes called HALE platforms, seem to offer new
solutions to the satellite latency problem at least for geographic areas some 50 to 300 miles
across (or 80 to 480 km in diametre). This exotic new technology, which operates in protospace
(i.e. above commercial aviation space), depends on remotely-piloted vehicle systems to maintain
a platform at an altitude of 19 kms. This is incidentally enough height to provide complete
coverage to Taiwan or South Korea. Initially this UAV or HALE technology would seem to be
a highly cost-efficient adjunct to a LEO system like Teledesic.

KEY INNOVATIONS FOR THE "ULTIMATE" SATELLITE DESIGN

What does it all add up to when one has swept the world's idea closet clean of ideas? The

answer is plenty. There are dozens of highly intriguing possibilities. Here are only some of the
most critical and provocative of the options.

Pursue Huge New Millimetre Wave Allocation for Shared Satellite and Terrestrial
Telecommunications Use

The key to this allocation doing a great deal of good would be to make it a very large
band that would be perhaps 5 GHz to 10 GHz in size, somewhere between 40 and 60 GHz and
make it a shared use band under special encoding techniques so that terrestrial uses and all types
of satellite services in all orbits could use it. With super CDMA techniques, this band could be

used hundreds of time over to derive effective use patterns that over the planet could run into the
multi-terabits per second range.
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Exploit the Potential of On Board Signaling, Artificial Intelligence, and Bit-by-Bit Signal
Regeneration.

These techniques would allow satellites to become far more capable and to achieve
prodigious levels of performance. This is absolutely critical, however, for several key reasons.
These reasons are coping with the huge rain attenuation problems that exist at 40-60 GHz, the
need to move toward zero bit error rates, and the need to operate smaller, more mobile and lower
cost ground terminals. The up to 12 dB advantage that might be gained from these techniques
will need to be reinvested to solve these problems. Artificial intelligence can particularly help
in bit-by-bit processing and in assigning on board power margin stored on the satellite to rain
intensive beams on an instantaneous basis.

Rationalize Bandwidth Use for Satellites and Avoid Micro-Allocations of Spectrum

Today there are hundreds of thousands of frequency allocations for many hundreds of
approved services as defined by the ITU. This system is designed to give frequency to virtually
every potential user, presumably on a fair and equitable basis. By dividing the spectrum into
smaller and smaller segments and assigning first, second, third, and even fourth priority uses, the
result is that ultimately almost everyone suffers from the inefficiency of the system. If one
sought clear rationales for assignments based upon clear and coordinated sharing techniques over
much broader bands, the result would likely be more effective use of the spectrum and great
simplification of the allocation process at least at the higher frequency bands where there is still
the potential of creating order from incipient chaos. Mobile and fixed satellite services could
share with each other and terrestrial systems if bands were reasonably segmented or constrained
by polarization techniques, encoding schemes, power levels, and beam structure.

Design to Universal Personal Telecommunications Standards of the Future

The future of telecommunications will for better or worse be shaped by
telecommunications standards. For many years these standards, as developed by the ITU, have
contained some element of conflict between wire and wireless technologies and services. The
presence of the CCITT versus the CCIR tended to create tensions between fibre, coaxial cable
and wire systems versus mobile wireless systems and the satellite world. The CCIR-I
recommendation G.114, which states that transmission times of 400 ms or less were "acceptable"
for the PSTN, was really more a matter of compromise between the terrestrial technologists who
wanted less latency and t