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RESUMO

Ao longo desta dissertacdo afloram-se os beneficios econdmicos que a Astronomia podera
originar no desenrolar da sua actividade cientifica e tecnoldgica.

Embora a histdérica contribuicdo da Astronomia para a civilizacdo humana seja Obvia,
encontraram-se relativamente poucos estudos dedicados aos efeitos econdmicos desta
ciéncia.

A dissertacdo debruca-se sobre os efeitos de médio e longo prazo que projectos de
Astronomia poderdao gerar nas organizagdes que colaboram nesses projectos. Foi realizado
um inquérito a organizacdes fornecedoras do ESO no ambito do projecto VLT — Very Large
Telescope. Os principais impactos declarados em relacao a actividade do ESO foram:

58,(3)% das organizagbes que responderam ao inquérito realizaram esforcos de
investigagao e desenvolvimento de forma a cumprirem os pedidos do ESO;

. 80% dessas organizagdes estreitaram a sua relagdo com o ESO como consequéncia da
colaboracdo no projecto VLT;

71% das organizacdes identificaram beneficios de imagem, que ficou associada a
capacidade para colaborarem em projectos de fronteira tecnoldgica;

O “saber fazer” dos trabalhadores de 65% das organizacbes foi reforcado com a
participacdo no projecto VLT,;

. 58% das organizagdes declararam que os projectos em Astronomia nos quais estiveram
envolvidas geraram novo conhecimento;

. 64,8% das organizacdes respondeu que o projecto VLT contribuiu para a sua exceléncia
tecnoldgica.

O inquérito contou com a participacdo de 31 empresas e de 10 instituicdes dedicadas a
investigacao e desenvolvimento (I&D). Em termos gerais, 0o impacto percepcionado pelas
empresas € inferior ao impacto percepcionado pelas instituicoes de I&D.

O presente trabalho também aborda a eventual transferéncia de conhecimento da
Astronomia para a indUstria, através de tecnologias e criacdo de empresas. Sao dados
exemplos retirados de diferentes areas da Astronomia, nomeadamente da Optica adaptativa,
astronomia no comprimento de onda do raio-X e optomecanica.

A transferéncia de conhecimento também se pode realizar através dos recursos humanos
que transitam entre organizages. O presente trabalho reproduz evidéncia que a industria
valoriza e contrata recursos humanos com formacao e experiéncia em Astronomia.

Os dados empiricos reunidos e tratados neste trabalho acerca do impacto do ESO nos seus
fornecedores podera complementar a actual investigacdao acerca da intitulada “Grande
Ciéncia”, bastante focada na fisica de particulas (CERN) e espaco tomado num sentido lato
(ESA e NASA). Ao estar concentrado num projecto de Astronomia pontual, o presente
trabalho tera o potencial para averiguar com precisdo o impacto da Astronomia, por si sé.

No fim, o objectivo do presente trabalho serd alcancado se este contribuir para uma
discussao objectiva das politicas publicas em ciéncia e tecnologia, nomeadamente as
politicas publicas que apoiam a Astronomia e aquelas que promovem a participacdo da
industria em projectos da “Grande Ciéncia”, Astronomia incluida.



ABSTRACT

Throughout the present dissertation one explores the economic effects derived from the
scientific and technological activities of Astronomy.

Despite the obvious historical contributions of Astronomy to human civilization, one does not
find much organized information about the economic effects of this Science.

The present dissertation is focused in the medium and long term economic impact that
procurement activity of Astronomy projects has in organizations which collaborate in these
projects. An inquiry was made to organizations that supplied ESO in the framework of VLT —
Very Large Telescope project. Overall, the main impacts associated with ESO’s procurement
activity are summarized as follows:

. As many as 58.(3)% of all respondents made R&D efforts in order to answer to ESO’s
demands;

. 80% of all respondents deepened their relation with ESO as consequence of their
contract(s) within VLT project;

. 71% of respondents spotted image benefits, associated with high tech projects;

. Workers’ know how of 65% of respondents improved with the participation in the VLT
project;

. 58% of respondents declared generation of new knowledge in consequence of their
involvement in Astronomy;

. 64.8% of respondent organizations perceived that their technological / R&D excellence was
enhanced with their participation in the VLT project.

The survey was completed by 31 companies and 10 R&D organizations. In general, the
perceived impact by companies is lower than that of R&D organizations.

The present work also takes a look to the knowledge transfer between Astronomy and
Industry by the means of technologies and spin off companies. Examples were taken from
different areas of work in Astronomy, specifically, adaptive optics, x-ray astronomy and opto-
mechanics.

Other mean of knowledge transfer is through human resources who transit from Astronomy
organizations to Industry. There is evidence that industry values and employs high skilled
human resources coming from Astronomy.

One thinks that the empirical evidence gathered and analyzed about ESO’s impact on its
suppliers will complement the present literature on Big Science, until now focused in particle
physics (CERN), and space in a general sense (ESA and NASA). This work is focused in a
single astronomy project, being able to scrutinize with precision the impact of Astronomy,
individually taken.

In the end, the objective of this study is fulfilled if it is able to contribute to an objective
discussion of science and technology public policies, namely public policies which support
Astronomy as well as those which promote industry participation in big science projects such
as astronomy projects.
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1. INTRODUCTION

1.1 Motivation

Common sense tells that curiosity is one of the drivers of humankind in our quest for
knowledge. In the same line, it was curiosity that drove me to engage in the realms of the
Master of Curricular Development by Astronomy. At that time, I believed that the program
would allow me to answer to some of the questions I have been wondering since I started to
read about the Cosmos (for instance, by the hand of Carl Sagan). And it did!

Presently, I feel that it is time to give back and the way I found for doing it is to apply my
background in Economy in the study of the Science Astronomy. It seems to me it will be a
good way of closing this academic adventure, by combining the scientific domains to which I
dedicated more time until now.

Pointing an economic perspective into Astronomy uncovers some aspects of the Economics
of Astronomy: the inputs, the way this Science processes them and its outputs. In this
context, my choice will be to focus on the study of the impact of this Science in the
economic activity. One may call it an economist bias but I think that when one studies a
human activity it will be a good practice to infer whether this activity is, in /ato sensu, useful
in economic terms. Although I believe that the intellectual richness of the knowledge
generated by this Science is...astronomic, one still has the challenge of knowing the
contribution of this activity to human economic growth and development. Furthermore, in
times when the scrutiny on public funding is established, I concluded that, while the study of
research policy and of the impact of science are quite explored areas of research, there is
few work dedicated specifically to the impact of Astronomy and Astronomy related projects.
If the hypotheses posed in this work are confirmed, I'll be fulfilled with my tiny contribution
to make the case of companies which are investing in the participation in Astronomy projects
as well as of public policies which support Astronomy and the involvement of the industry in
Astronomy endeavors.

Other way of giving back is to spread the word about what I learnt with this Science.
Wrapping my experience in a language to which my fellow economists and managers are
used to and showing the present work may attract their attention to this field of knowledge.
This attempt to spark an interest for Astronomy in uncommon and new publics is coherent
with the outreach objectives of the Master program I'm in: sharing knowledge and teaching
skills which, ultimately, will facilitate the promotion of Astronomy.

1.2 Question mark

To the vast majority of people, including myself, Astronomy, among other associations,
remembers our oceanic discoveries, brings majestic images, takes our imagination to distant
places or feeds our feeling of smallness. When one digs further into the problems
astronomers want to solve, one is confronted with exotic information and matters that seem
not having relevance in our daily live. Astronomy questions, such as how the present
Universe was formed and is evolving or how stars are born, seem more appropriate to a
minority of scientists with intellectual goals than to solve practical and more mundane needs.
So the following question might arise: What do we, as Society, gain with Astronomy besides

1



cultural realization? Narrowing the question: What does our Economy gain with Astronomy
activities?

1.3 Defining Astronomy

But, what is Astronomy after all?

The word Astronomy comes from the Greek “Astron” = star and “Nomos” = law. A quick
search on the web would give a myriad of definitions for this natural Science. One chooses
the explanation given by the International Year of Astronomy 2009 (IYA09)': Astronomy is
the study of all celestial objects. It is the study of almost every property of the Universe from
galaxies, stars, planets and comets to the largest cosmological structures and phenomena.

So, since its origins Astronomy studies the space beyond the Earth and all its contents, which
includes our planet. Poetically said: It /s the study of all that has been, all there is and all
that there ever will be. From the effects of the smallest atoms to the appearance of the
Universe on the largest scales (IYAQ9, 2009). It is not casual that Arab tradition dubbed it as
the Mother of all Sciences.

Figure 1: The earth through the view of an artist, Margarida Teixeira, 2000

Astronomy is one of the oldest fields of knowledge, pairing human evolution since primordial
times. Astronomy conquered the status of Science as soon as astronomers, combining
observations and theory, were capable of understanding and explaining what they observed
and of previewing future events (Ferreira et al, 1997).

One quotes again the IYAQ9 information in order to transmit a slight idea of the
contemporaneous achievements of this Science: One hundred years ago we barely knew of

! http://www.astronomy2009.org/



the existence of our own Milky Way. Today we know that many thousand millions of galaxies
make up our Universe and that it originated approximately 13.7 thousand million years ago.
One hundred years ago we had no means of knowing whether there were other solar
systems in the Universe. Today we know of more than 200 planets around other stars in our
galaxy and we are moving towards an understanding of how life might have first appeared.
These discoveries have presumably motivated and, at the same time, have been facilitated
by technological progress. This mutual causality process will be explored later on this work.

Astronomy has always been associated with visual observations of the sky. This fact was true
one hundred years ago, when we studied the sky using only optical telescopes and
photographic plates. Today we observe the Universe from Earth and from space, in all
wavelengths of the electromagnetic spectrum, from radio waves to gamma rays, using
cutting edge technology (IYAQ9, 2009).

Nowadays, the field of professional astronomy may be divided in observational and
theoretical branches®. Observational astronomy is focused on acquiring data from
observations of celestial objects, which is then processed and analyzed using principles of
several Sciences like Mathematics, Physics, Chemistry or Biology. Theoretical astronomy is
oriented towards the development of computer or analytical models to describe astronomical
objects and phenomena. The two fields complement each other, with theoretical astronomy
seeking to explain the observational results, and observations being used to confirm
theoretical results.

On this work, one will focus on observational astronomy and the means it requires to be
developed.

As stated, Astronomy is a multi—disciplinary science, applying or testing concepts derived
from other Sciences. Other important feature is that is an international Science in scope,
being developed by a network of scientists around the globe who research through a
combination of many disciplines and sub-fields using different approaches, such as ground-
based telescopes, space based observatories, robotic probes, theoretical calculations and
simulations. The observational structures are large, powerful, complex (and expensive),
trying to match the thirsty curiosity of scientists as well as to overcome the faintness and
distance of astronomical objects. It would be useful to keep in mind these characteristics of
Astronomy to better understand the point of this work.

1.4 Defining benefit

Before trying to answer to the primary question of this work, one finds useful to clarify the
concepts behind it. This conceptual enlightenment will help the reader to understand how
these concepts are interpreted in this work.

So, one thinks that Society gains with certain human activity (in this case, Astronomy) when
this activity contributes to the welfare of Society. Welfare is defined by economists by the
well being of an individual or a Society’.

A way of inferring whether certain human activity or project contributes to the welfare of
Society is to study its impact on Society. Taking into account the European Commission’s
guide to cost benefit analysis of investment projects, “impact” is a generic term for
describing the changes or the long term effects on society that can be attributed to a project

2 http://www.iau.org/public/careers/
3 http://www.economist.com/research/economics/



(European Commission, 2008). These changes are perceived through the variation, caused
by that project or human activity, of certain indicators of the welfare of a region, country or
other system where that project or human activity is implement or occurs.

One may think in economic impacts as the changes in economic variables caused by the
project or the human activity (Pinho et al, 2008). Examples, at a Macroeconomic level, are
variations in employment, in the product (or income) generated or in earnings (wages). One
assumes that such variables are indicators of the welfare of a society.

By the other hand, one may analyze the social impacts, typically described as changes in the
quality of life or comfort of society due to a certain project. For instance, changes in travel
conditions or quality of the environment due to the introduction of a collective transport in a
city (Pinho et al, 2008). Directly associated with the well being of a Society, social impacts
are wider in scope and generally include intangible effects. Since they usually result of
perceptions, they are harder to identify and to translate in monetary units. This is one
reason for the choice of focusing this study in the economic effects of Astronomy.

At this point, one dares to define benefit as an impact of certain project or human activity
that leads to improved welfare in a Society. Referring specifically to scientific research,
Nelson defined benefit as an increase (resulting from scientific research) in the value of the
output flow that the resources of society can produce (Nelson, 1959). Both definitions are
connected: improved welfare and increased value mean more satisfaction from Society’s
point of view. And Society is made of individuals.

Recalling the basics of Economics, classical economists try to capture satisfaction through
the concept of “utility” of a good or a service to an individual (consumer theory). They try to
measure the economic value of a good or service based on what people want — their
preferences and choices (theory of the value). People express their preferences through the
choices and tradeoffs they make, given certain constraints, such as those on income or
available time®. Thus, economic value is measured by the most someone is willing to give up
in other goods and services in order to obtain a good, service, or state of the world. In a
monetary economy, the maximum amount of money that a consumer would be willing to
pay for a good or a service is an accepted measure of economic value, that is “willingness to
pay”. By relating the quantity demanded and the price of a good, we can estimate the
demand function for that good.

A good'’s market price does not measure its economic value. The market price only tells us
the minimum amount that people who buy the good are willing to pay for it. When people
purchase a marketed good, they compare the amount they would be willing to pay for that
good with its market price. They will only purchase the good if their willingness to pay is
equal to or greater than the price. Usually people are actually willing to pay more than the
market price for a good, and thus its value exceeds the market price. This excess is called
the consumer surplus. The consumer surplus measures the net economic benefit to
individual of purchasing certain good or service.

By the same token, classical economists try to capture value on the producers’ side
(producer theory). Producers of goods also receive economic benefits, based on the profits
they make when selling a good*. Economic benefits to producers are measured by producer
surplus. The supply function tells how many units of a good that producers are willing to
produce and sell at a given price. If producers receive a market price higher than the
minimum price they would sell their output for, they receive a benefit from the sale—the
producer surplus. Thus, benefits to producers are similar to benefits to consumers, because
they measure the gains to the producer from receiving a market price higher than the
minimum price they would have been willing to sell the good for.

* http://www.ecosystemvaluation.org/



Resuming, one may measure the impact of a project or human activity by trying to capture
the variation in consumer surplus plus producer surplus due to that project or human
activity. If the variation is positive we are facing benefits to Society (that we have to
compare with the amount of costs).

Note that it is worth to distinguish between a good, defined as something that satisfies a
human need (Neves, 1993) and a resource, something that doesn't satisfy directly a human
need but it is necessary to produce a good (Neves, 1993), for instance labor or capital. One
may latter conclude that one is free to see the output of Astronomy both as a good, for
example the pleasure one may have in reading an article about our galaxy, or as a resource,
if there are outputs from the Astronomy, for example technology, that help us to produce
other goods.

At this point, one concludes that one may analyze benefit of a certain good, project or
activity from several perspectives. Benefit at an individual level, translated in more
satisfaction to a person, for example, due to the increase of the consumer surplus of citizens
who see the opening of a planetarium in their city and will pay less to watch a stellar show.

Benefit at a microeconomic level, for instance, new products or cost savings that certain
activity (for example, research and development) may generate to companies, translated in
increased profit.

Benefit at a macroeconomic level: one has already seen that certain projects or activities are
sources of economic growth (positive variation in the income/product of an economy) and
employment. An adequate illustration of this kind of benefits is the work developed by Solow
on his studies on growth theory and on research and development. He concluded that
research and development (R&D) and, consequently, innovation are drivers of new products
& industries, productivity and economic growth (Nelson, 2003).

Soon one will be clarified about the perspective taken by this work in order to answer to the
primary question and about the reasons for that choice.

At this point, one is able to answer that Society/Economy gains with Astronomy if this human
activity generates economic benefits to Society (as defined above). Pretty holistic hem?

One may guess that the hurdle of this work is not defining the concept of economic benefit
but rather to identify the eventual economic benefits of Astronomy and to accounting them.
That will be the goal of next chapters.






2. LITERATURE REVIEW

The assessment of the economic benefits generated by Science is a work that has being
developed in a structured way by an increasing number of researchers interested in
deepening the knowledge about the connections between Science, innovation and economic
development. This field of study, pioneered by Nelson in his primordial article "The simple
economics of basic scientific research” in 1959, has inspired research policy. Among the
historical reasons for the increasing interest in the impact of Science, the need of assessing
the costs and benefits of public funded science is the most unanimous. Basically said, public
or government funded research comes from tax payers.

Doing science is expensive and requires resources. Considerable government funds are spent
on research in universities, institutes and elsewhere (Salter et al, 2001). Is common sense
that governments face numerous competing demands for public funding. In reality, Science
is not always seen as high political priority. For instance, for many people the benefits
associated with public spending on, say, health or education is more obvious than those
from research (Salter et al, 2001). In periods of constrains in public expenditures, like the
present times, there is an increasing pressure for scrutiny and accountability of research in
order to allocate priorities (Martin et al, 1981). These priorities may take into account the
politically desired needs of innovation and economic growth (Gulbrandsen, 2009).

At the same time, scientists and research funding agencies argue that more is needed to
accomplish scientific and technological objectives and they try to persuade governments to
invest more (Salter et al, 2001).

At international level, for instance, in the context of transnational science projects, public
funding agencies want to know what types of industrial benefits these government-funded
large scale scientific projects can generate. Their reasoning is that this information could
help them to better utilize their national industrial home base (Nordberg, 1994).

Hence, one assists to recurrent debates on why government should fund science, at what
level and which science.

Martin and Irvine give a curious insight of three motivations to fund certain Science: 7t /s a
branch of science that contributes a great deal to our understanding of other areas of
science - it is more “fundamental” than others; it helps human beings understand and make
sense of their natural and social environment - it is culturally significant; it provides vital
ingredients for material progress and 