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What is the project about? 

The OECD Space Forum is seeking involvement from students and academics in disciplines such as 
economics, engineering, and computing, working alone or as part of small multi-disciplinary teams, to 
respond to the same statements of work described below. The aim is to deliver an original research 
paper to be presented to the international community in December 2023. After peer-review, the best 
papers will be selected and published in an OECD publication. The OECD Space Forum Secretariat and 
space experts will guide participants throughout the research process. 

This is the second edition of a truly multidisciplinary project with participants from around the world 
asked to develop and present solutions based on the same initial statements of work (participants may 
pick one or multiple statements of work to research): 

1. Understanding the value of space-based infrastructure (e.g. specific segments of the 
infrastructure such as earth observation, satellite telecommunications, human spaceflight 
infrastructure)  

2. Evaluating the impacts of space debris incidents, including impacts on society (e.g. denial of 
service) and specific users (e.g. operators themselves, government users)  

3. Identifying the effects of policy options for addressing space debris (e.g. taxation, insurance, 
active debris removal, etc.)  

How to participate? 

The project will bring together individuals researcher and international teams during the 2022-2023 
academic year with the following timeline. 
 
Note that Ph.D., post-doc and Master’s students as well as academic staff from universities and research 
organisations are welcome to join this project on a voluntary basis (see FAQ).  
 
As an individual student / researcher or part of team, please send an e-mail before 23 September 2022 
(the earlier the better to benefit from OECD advice) to spaceforum@oecd.org including:  

 the statement(s) of work that you intend to address 

 a short biography with your academic affiliation (yours and each team members’ including 
professors/research staff who might be part of your team)  

 a brief description of your approach and how it can be applied to the statement(s) of work (no 
more than 600 words)  

 
For more information, please contact the OECD Space Forum Secretariat, at spaceforum@oecd.org.  

What is the timeline? 

The OECD project will bring together individuals researcher and international teams during the 2022-
2023 academic year with the following timeline: 

 June-August 2022: Initial virtual meetings will take place with interested individual 
researchers/teams of researchers 

bookmark://_Statement_of_Work/
bookmark://_Statement_of_Work_1/
bookmark://_Statement_of_Work_2/
mailto:Spaceforum@oecd.org
mailto:Spaceforum@oecd.org
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 15 Sept 2022: Launch of the OECD publication “Earth’s orbits at risk: the economics of space 
sustainability” with key results from the first phase of the project  

 23 September 2022: Deadline for formally registering interest in participating in the new project  

 11 October 2022: the formal start of the project will take place with a first hybrid/virtual 
conference assembling participants, space agencies and other interested stakeholders.  

 November 2022-June 2023: Several online and hybrid events will be organised, such as briefings 
with space agency and industry experts, brainstorming with fellow researchers, and individual 
meetings with the organisers 

 September 2023: Submission of final papers for peer review 

 December 2023: Presentation of selected papers at an international OECD conference on the 
economics of space sustainability 

 Q1 2024: Publication of the selected papers as part of a large OECD publication on the economics 
of space sustainability  

Frequently asked questions (FAQ) 

What type of research paper is expected? We expect an academic paper addressing one or several of 
the statements of work, written in English and no longer than 15 000 words. It can be an 
adapted/shortened version of your Master’s dissertation, part of your PhD research, or a stand-alone 
research effort. 

  
What are the benefits of participating in the project?  

1. You would take part in an international project on the economics of space infrastructure and 
interact with academics and students from diverse universities and research organisations.  

2. Experts from up to 11 different space agencies around the world, other invited stakeholders 
including from industry, and the OECD Space Forum Secretariat will peer review your proposed 
paper. 

3. You may be able to present your findings at dedicated OECD events in 2022 and 2023, assembling 
space agency representatives, peers from other academic institutions and other invited 
stakeholders.  

4. If accepted, the results of your papers will be featured in an OECD publication, and the best 
submissions may be published by the researchers as joint OECD Science, Technology and 
Innovation Policy Papers, leading to dissemination in the international science, technology and 
innovation community beyond the traditional space community. 

  
Do I need to submit an individual paper or can I work in a team? You can work alone but you should 
preferably be part of a multidisciplinary team with other students and/or with your academic 
supervisors/colleagues. 

  
Can I publish my work carried out within the project elsewhere when it is over? Yes. We only ask that 
you refer to the project in the acknowledgements and let the Secretariat know. 

  
Can I receive funding for my research? Participation is voluntary and the OECD is not funding 
researchers directly. However, several space agencies and other actors may provide grants in 
parallel for research activities, which are contributing to this broader work on space sustainability. 
See for example the NASA Research Announcement "Research Opportunities in Space and Earth 
Sciences (ROSES) 2022" on the NASA research opportunity homepage. 

https://science.nasa.gov/researchers/sara/grant-solicitations/roses-2022/
https://science.nasa.gov/researchers/sara/grant-solicitations/roses-2022/
http://solicitation.nasaprs.com/ROSES2022
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Three OECD statements of work to choose from 

 Statement of Work 1: Understanding the value of space-based infrastructure 

Space-based infrastructure refers to publicly and privately owned infrastructure developed for the exploration 

and utilisation of outer space, such as satellites, space stations, rovers and their associated ground equipment. 

The space economy is increasingly international and diverse, mixing civil, military and commercial actors and 

interests, and is developing at a rapid pace. More than 3 000 operational satellites are now orbiting Earth, a 

third of which were launched in 2020 alone. In the last eight years, more countries registered their first satellite 

on orbit than in the first forty years of spaceflight.  

Several space applications are furthermore increasingly important for the functioning of society and the 

economy. Space infrastructures provide the best or only sources of data and signals for multiple areas of human 

activity, ranging from weather forecasting and sea navigation to the secure functioning of banking and electricity 

grids. It is therefore important to take stock of the value represented by and derived from space-based 

infrastructure to better underpin future policy actions and decisions. However, this is a challenging task because 

of the many types of users, the potentially contradictory interests involved and because many of the benefits of 

space activities do not have an easily identifiable market value.  

Project participants are asked to address the following research questions:  

 Could you determine the extent of the capital stock  of space-based infrastructure in a manner that is 

comparable with measurements of the capital stock associated with other areas of the economy? Detail 

what you define as “space-based infrastructure” in your analysis (including public and/or private 

infrastructure and ground and space-based components) and describe the methodologies and data 

sources used to estimate their value. The analysis may concentrate on selected segments of 

infrastructure (such as earth observation, satellite telecommunications, human spaceflight 

infrastructure) or on all space-based infrastructure. 

 Building on the assessed capital stock, how would you measure the value of the societal benefits 

derived from the selected space-based infrastructure? 

 Based on the answers to the two previous research questions, could you provide an estimate of the 

monetary value of the societal benefits associated with space-based infrastructure? 

Statement of Work 2: Evaluating the impacts of space debris incidents 

The stability of the space environment is a growing concern among policy makers following an unprecedented 

accumulation of space debris and intensifying commercial use of low earth orbits. Several major new satellite 

constellations are under preparation, which, if fully deployed, could increase the number of operational 

satellites in low-earth orbits from around 3 000 in 2020 to many tens of thousands by the 2030s.  

Space debris accumulation increases the costs of space activities through satellite protection measures, debris 

surveillance and tracking, and, in particular, the generation of further debris, which could ultimately lead to the 

so-called Kessler syndrome of cascading, self-generating collisions. The Kessler syndrome could render certain 

high value orbits unusable and hinder much of humanity’s further potential activity in space. Learning more 

about the full costs of space debris incidents would be a crucial step forward and will contribute to raising 

awareness about this critical issue among space operators and decision-makers alike.  

Project participants are asked to address the following research questions:  

 What are the direct and indirect costs of existing and future space debris incidents?  

 How would you model and evaluate the identified costs and which methodologies would you use?  

 How should the modelled costs be attributed over time and how would they affect different types of 

users? 
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Statement of Work 3: Identifying the effects of policy options for space debris mitigation or 

remediation 

The accumulation of space debris and the stability of the orbital environment has been a policy concern for 

several decades. It has mainly been addressed at the national and international level through voluntary 

guidelines and agreements. The Debris Mitigation Guidelines, for instance, provide general guidance on limiting 

debris release during operations, minimising on-orbit break-ups, post-mission disposal and preventing on-orbit 

collisions. Post-mission disposal plays a substantial role in debris mitigation and the guidelines recommend that 

post-mission geostationary (GEO) satellites be moved to a graveyard orbit and that spacecraft in the low-earth 

orbit (LEO) be deorbited or manoeuvred to an orbit from which natural decay occurs within a maximum of 25 

years. 

Overall, however, operators’ compliance with existing measures is too low to ensure a stable orbital 

environment. A study conducted in 2013 by the Inter-Agency Debris Coordination Committee, the international 

governmental forum that coordinates debris mitigation activities, stipulates that some 90% of future launches 

would need to adhere to orbit clearance guidelines over the next 100 years to ensure orbital stability (IADC, 

2013). Observed compliance with orbit clearance guidelines varies substantially and depends on the orbit but is 

in general much lower than this threshold: 

 In GEO, satellite clearance rates reached 80% for satellites with end-of-life in 2019. 

 In LEO, almost 75% of payloads with an end-of-life in 2019 were de-orbited. However, for payloads that 

are not “naturally” compliant (i.e., in the orbits with the biggest debris belts) the share decreased to 

less than 20% (ESA, 2021).  

The low compliance rates in LEO can be explained by multiple factors, including: high deorbit costs in the higher-

altitude orbits, especially as a share of total satellite and lifetime costs; limited regulatory control and 

observational capacity combined with limited (or no) sanctions for non-compliance; and significant risk of 

technical deorbit failure (Undseth, Jolly, and Olivari, 2020).   

Faced with the ineffectiveness of existing measures, governments are increasingly looking for other policy 

options but lack the evidence required to assess and compare different policy instruments and choices. While 

there are multiple examples of relevant instruments in other domains such as for pollution and hazardous waste, 

little is known about their application in the space sector. 

There is therefore an urgent need to learn more about the impacts of these different policy options, in order to 

address concerns about the sustainability of the space sector using effective and efficient means.  

Project participants are asked to address one or several of the following research questions: 

 What are the effects of “doing nothing” and continuing with today’s voluntary guidelines? 

 Can you identify appropriate policy instruments to shape the behaviour of satellite operators and assess 

the effects of their application in the space sector, in terms of economic contribution, public acceptance 

and overall effectiveness? You can focus on one or several policy instruments. Case studies from other 

sectors are welcome. 

 Can you evaluate the impacts of active debris removal or other debris remediation technologies?  

----------------------------------------------- 
ESA. (2021). ESA’s Annual Space Environment Report 2021. European Space Agency. 
https://www.sdo.esoc.esa.int/environment_report/Space_Environment_Report_latest.pdf.     

  
IADC. (2013). Stability of the Future LEO Environment. Inter-Agency Debris Coordination Comittee. https://www.iadc-
online.org/Documents/IADC-2012-08,%20Rev%201,%20Stability%20of%20Future%20LEO%20Environment.pdf.  

  
Undseth, M., Jolly, C., & Olivari, M. (2020). "Space sustainability: The economics of space debris in perspective", OECD 
Science, Technology and Industry Policy Papers, No. 87 https://doi.org/10.1787/a339de43-en.  

https://www.sdo.esoc.esa.int/environment_report/Space_Environment_Report_latest.pdf
https://www.iadc-online.org/Documents/IADC-2012-08,%20Rev%201,%20Stability%20of%20Future%20LEO%20Environment.pdf
https://www.iadc-online.org/Documents/IADC-2012-08,%20Rev%201,%20Stability%20of%20Future%20LEO%20Environment.pdf
https://doi.org/10.1787/a339de43-en
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Book of selected abstracts from Phase 1 of the OECD project (2021) 

Students and researchers from some 30 universities / research centres were involved in the first phase 
of the OECD project on the economics of space sustainability (2021). As the OECD is launching the 
second phase (2022-23) of its project, this short book of selected abstracts (most of which have later 
been refined) recognises the valuable inputs from all the participating researchers in building up the 
knowledge base in this emerging field of research. Current and new researchers are encouraged to 
get inspiration from the pioneer work conducted in 2021! The authors, their academic affiliations 
and emails are included. We thank them for opening the way. 

This project on the economics of space sustainability has already resulted in some innovative papers. 
The papers are all related to the initial statement of work on the economics of space infrastructure, 
but address different aspects of the issue, e.g. by quantifying the value of space infrastructure,  
identifying costs of space debris, modelling the impacts of different policy measures on the space 
debris population, mapping the emerging market for debris removal, etc. Some of these abstracts led 
to papers, which are featured in the forthcoming OECD publication Earth’s Orbits at Risk: The 
Economics of Space Sustainability. 

The cost of space debris: An environmental economics approach  

(Seoul National University) 

Chan Hee Lee1, Keewon Kim2, Jong Ho Hong3* 

1 Graduate School of Environmental Studies, Seoul National University, 1 Gwanak-ro, Gwanak-gu, Seoul 08826, 

Korea, e-mail: chjoa803@snu.ac.kr  
2 Graduate School of Environmental Studies, Seoul National University, 1 Gwanak-ro, Gwanak-gu, Seoul 08826, 

Korea, e-mail: keewon.kim@snu.ac.kr  
3 Graduate School of Environmental Studies, Seoul National University, 1 Gwanak-ro, Gwanak-gu, Seoul 08826, 

Korea, e-mail: hongjongho@snu.ac.kr  

* Corresponding author 

This exploratory research aims to provide an economic model for estimating the cost of space debris from a 

global perspective. Focusing on the risks posed and damages caused by critical collision events, the total cost of 

space debris (𝐶) is broken down into the costs associated with (i) satellites (𝐶𝑆), (ii) space stations or spaceships 

(𝐶𝐼), and (iii) Earth (𝐶𝐸).  

Therefore, 𝐶 = 𝐶𝑆 + 𝐶𝐼 + 𝐶𝐸 (1) 

Taking a pragmatic approach, this study estimates the aggregate cost for each scope based on the annual 

average cost for each relevant impact category and their annual frequencies. 𝐶𝑆 is estimated by the average 

cost increase when developing and operating satellites due to the threat of collision with space debris (𝐴), 

multiplied by the number of functioning satellites (𝑛), and the average value of a satellite (𝑉), multiplied by the 

annual frequency of critical collisions that cause a satellite to become dysfunctional (𝑎). 𝐶𝐼 and 𝐶𝐸 are estimated 

by the average cost of physical damage due to a collision event (𝐷) and the average cost of harm to human lives 

(𝐿), multiplied by the annual frequencies of such catastrophic events (𝑏 and 𝑐). 

𝐶𝑆 = 𝑛𝐴 + 𝑎𝑉 (2) 

𝐶𝐼 = (𝐷𝐼 + 𝐿𝐼) (3) 

𝐶𝐸 = (𝐷𝐸 + 𝐿𝐸) (4) 

Combining equations (1)~(4), the annual cost of space debris is represented by the 

following equation: 𝐶 = 𝑛𝐴 + 𝑎𝑉 + 𝑏(𝐷𝐼 + 𝐿𝐼) + 𝑐(𝐷𝐸 + 𝐿𝐸) (5) 

mailto:chjoa803@snu.ac.kr
mailto:keewon.kim@snu.ac.kr
mailto:hongjongho@snu.ac.kr
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This model holds strength in that it is readily understandable and applicable using data currently available and 

can quickly reflect any changes observed in the space environment. Accordingly, it may serve as a useful tool for 

future policy interventions to ensure space sustainability, such as taxation. 

Economic theory applied to space debris scenarios  

(SDA Bocconi School of Management) 

Cleia Iacomino1*; Alessandro Rossi2, Arstea Saputo3 
 

1 SEE Lab, SDA Bocconi School of Management, 20136 Milan (Italy), email: clelia.iacomino@sdabocconi.it   
2 Institute of Appliced Physics IFAC-CNR, National Research Council, c/o Area di Ricerca di Firenze 
Via Madonna del Piano, 10 - 50019 Sesto Fiorentino (Italy), e-mail: a.rossi@ifac.cnr.it  
3 SEE Lab, SDA Bocconi School of Management, 20136 Milan (Italy), email: arstea.saputo@sdabocconi.it   
* Corresponding author 

 
The launch traffic to Low Earth Orbit (LEO) is undergoing significant changes: instead of launching few, complex, 
large and expensive spacecraft, the trend is now towards the use of multitudes of small, less complex and lower-
cost satellites. Large constellations, encompassing thousands of satellites in restricted regions of space, are 
emerging as important space assets. The intensifying commercial use of LEO and international debate regarding 
the stability of the space environment is a growing discussion among policy makers.  
 
Utilizing the SDM 5.0 evolutionary model developed by the Italian National Council of Research (CNR), the first 
step of this analysis is to estimate the growth of the space objects in LEO in the next decades. The analysis 
considers the space objects >10 cm, including active and defunct satellites, spent rockets bodies and fragments, 
along with varying future traffic, mitigation and remediation scenarios. Subsequently, the analysis focuses on 
the probability of collision with active satellites and on related mitigation and remediation scenarios.  
 
Based on this, the study employs a qualitative and preliminary approach to assess satellite operators’ economic 
convenience of adopting measures that can mitigate the risk of collision by comparing their cost to the damage 
costs that may occur in case of collision.   
 
Finally, the study dedicate its concluding considerations to discuss if a free market setting can stimulate the 
formation of effective solutions to space debris challenges (namely, if it provides operators with the economic 
incentive to adopt or develop mitigation measures) or if public institutions’ intervention is needed to finance 
mitigation strategies and, in particular, complex technologies development and adoption.  
 
Keywords: sustainability, space debris, collision risks, economic model, mitigation measures. 

Space debris impacts assessment: Identifying the costs caused by an irreversible deterioration of 

the orbital regimes (Politecnico di Bari) 

Ph.D. Students: Davide Vittori 1*, Claudio Loporcaro 1*, Elena Ancona 1,2 
Advisors: Antonio Messeni Petruzzelli 1, Angelo Natalicchio 1, Pier Luigi Righetti 2 

 
1 Politecnico di Bari, Via Edoardo Orabona 4, 70126 Bari, Italy 
2 EUMETSAT, Eumetsat-Allee 1, 64295 Darmstadt, Germany 
* Corresponding authors 
 

The digitalization wave of the past decades has fostered a rapid growth of space-based infrastructure which 
are rapidly crowding the lower Earth orbits and threatening the long-term sustainability of the space 
environment. Consequently, there is a significant risk of kickstarting the Kessler syndrome that could cause an 
irreversible deterioration of entire orbital regions and make spaceflight too hazardous. 

The study identifies the direct and indirect costs of such a scenario. Through a cause-and-effect modelling 
exercise of space debris and the increasingly likely collision events, we illustrate a vicious cycle of negative 

mailto:clelia.iacomino@sdabocconi.it
mailto:a.rossi@ifac.cnr.it
mailto:arstea.saputo@sdabocconi.it
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repercussions that permeates private and public entities. The outcome shows that although the downfalls will 
reverberate throughout the globe the weaker parts of society are those which might ultimately suffer the most.  

Moreover, quantitative considerations are performed to estimate the financial repercussions of a partial halt 
in space activities. The global economic activity dependent on space-based services is estimated through a 
propagation model which evaluates the reliance of individual sectors on space assets. These assets are then 
allocated throughout the orbits in which they operate. The extrapolated worth of each orbital regime is finally 
paired with the average deterioration probability for the LEO region, resulting in the expected monetary value 
at risk. This output can be interpreted as the resources that private and public entities must be willing to 
collectively devote to solving the problem of space debris or as the base for calculation of a utilization tax for 
each orbital regime, to be borne by the spacecraft operator. 

On the emergence of an active debris removal market 

 (École Polytechnique) 

Ph.D. student: Camille Toussaint1*  

Advisor: Hervé Dumez2 

1 i3-CRG, École Polytechnique, CNRS, IP Paris (France), e-mail: camille.toussaint@polytechnique.edu,  
2 i3-CRG, École Polytechnique, CNRS, IP Paris (France), e-mail: herve.dumez@normalesup.org  
* Corresponding author 

 
Debris has been multiplying in orbits for decades and threatens all space activities. Several initiatives have been 
undertaken but developing an Active Debris Removal (ADR) market seems difficult. It poses a classic ‘chicken 
and egg’ problem: industry players wait for the market to be established before developing new technologies, 
costly but necessary for the emergence of the market. Moreover, the expected size of the market remains 
limited and it involves a large variety of players: firms, but also parent-company ventures and new entrants.  
Therefore, the following question arises: under what conditions can an ADR market emerge? We explore two 
hypotheses: 1. the ADR market develops as a segment of the On-Orbit Servicing (OOS) market and benefits from 
of its dynamics ; 2. the ADR market is a market in itself, needing public and private actors’ interactions and costs 
sharing.  
 
Building on a database gathering ADR and OOS projects, our results show that there is a strategic issue between 
the different segments of OOS. Some players rely only on OOS, others only on ADR, and others on technologies 
allowing to do both simultaneously. Among ADR projects, we also observe initiatives from public, private, public 
and private actors.  
 
Therefore, the ADR market seems to be in an intermediate phase. The actors simultaneously explore different 
alternatives in which several complementary forms of projects and trends coexist. At this stage, the ADR market 
appears as a particular activity within the OOS and its development seems closely linked to hybrid forms of 
articulation between public and private actors. 
 

Estimation of costs and benefits of debris mitigation  

(University of the Basque Country) 

Chaimaa Boukabouy1*, Aitor Ciarreta Antuñano2, Ignacio Eiriz3, Maria paz Espinosa Alejos4, Victoria Maria 
Ateca Amestoy5 

 
1 Department of Economic Analysis, University of the Basque Country UPV/EHU, Campus of Leioa, Sarriena s/n, 
Bizkaia, 48940, Leioa (Spain), e-mail: cboukabouy001@ikasle.ehu.eus   
2 Department of Economic Analysis, University of the Basque Country UPV/EHU, Campus of Leioa, Sarriena s/n, 
Bizkaia, 48940, Leioa (Spain), e-mail: aitor.ciarreta@ehu.eus 
3 Department of Economic Analysis, University of the Basque Country UPV/EHU, Campus of Leioa, Sarriena s/n, 
Bizkaia, 48940, Leioa (Spain), e-mail: ignacio.eiriz@cta.aero 
4 Department of Economic Analysis, University of the Basque Country UPV/EHU, Campus of Leioa, Sarriena s/n, 
Bizkaia, 48940, Leioa (Spain), e-mail: mp.espinosa.ehu@gmail.com 

mailto:camille.toussaint@polytechnique.edu
mailto:herve.dumez@normalesup.org
mailto:cboukabouy001@ikasle.ehu.eus
mailto:ignacio.eiriz@cta.aero
mailto:mp.espinosa.ehu@gmail.com
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5 Department of Economic Analysis, University of the Basque Country UPV/EHU, Campus of Leioa, Sarriena s/n, 
Bizkaia, 48940, Leioa (Spain), e-mail: victoriamaria.ateca@ehu.es 
* Corresponding author 
 
The research of the UPV/EHU team has dealt with the costs of debris and the possible mitigation policies that 
can improve and ensure the sustainability of space.  
 
We model the generation of space debris under different market structures: monopoly, oligopoly and perfect 
competition. Each market structure could represent different stages of the Space Economy and characterizes 
the possibilities of internalizing the negative externalities of satellite activity in terms of space debris.  
 
We create a model for the market of satellite services where firms' activity imposes an external cost on other 
firms, due to the risk of collision and debris accumulation. The equilibrium outcomes depend on the number of 
competitors which, in turn, affects the probability of collision. After the characterization of the equilibria, we 
test a mitigation policy in the form of a system of “launch taxes” (assumed to be paid ex ante), that is expected 
to reduce debris per satellite launched, by considering the decisions of a competitive firm operating in the 
market for satellites in the LEO.  
 
The results of the model show the exponential growth in the externalities associated with space activity, and 
how these depend partially to a change in market structure and the evolution of Space Economy. The higher the 
number of satellite services providers, the less likely would they internalize the external effects on space debris 
Thus, the importance of creating institutions that could implement a Pigouvian tax to the firms operating in this 
competitive context, to avoid the inefficiencies associated with the tragedy of the commons. 

The socio-economic benefits of earth Observation:Insights from firms of the Italian downstream 

sector (Università degli Studi di Milano) 

Veronica Lupi1* and Valentina Morretta2* 

1 Department of Economics, Management and Quantitative Methods, Università degli Studi di Milano, Via Festa 

del Perdono, 7, 20122 Milano (Italy), e-mail: veronica.lupi1@unimi.it  
2 Department of Economics, Management and Quantitative Methods, Università degli Studi di Milano, Via Festa 

del Perdono, 7, 20122 Milano (Italy) (Italy), e-mail: valentina.morretta@unimi.it  

* Corresponding authors 

Our work aims at answering three research questions: i) what are the main features and characteristics of the 

firms operating in the EO Italian downstream sector? ii) what benefits may stem from the increasing availability 

of EO data from the perspective of these firms? iii) what types of barriers are currently hindering the 

development of this sector in Italy? 

The key findings are: (i) most of the downstream firms interviewed operate in the IT sector and elaborate EO 

data. Half of the sample is represented by innovative consolidated SMEs and less than a quarter by startups. 

Firms primarily work with data provided by Copernicus Sentinels, followed by CosmoSymed, Landsat, Prisma, 

and other minor satellites. Their customers are mainly Italian public bodies followed by large national 

companies. Most firms recruit their clients by participating in public tenders, confirming the prominent role of 

Italian public procurement in advancing the sector; (ii) EO benefits firms in the downstream sector in terms of 

innovation and economic performance. EO data availability improves the quality of their products and services. 

EO data also benefits customers that use firms’ EO final services by increasing their profits, particularly those 

working in agriculture, ecosystems, pollution, emergencies, and civil protection. (iii) Finally, the main barriers 

hindering a widespread use of EO services concern both the downstream operators themselves (e.g., the 

accessibility of data, lack of skills), and the final users (e.g., the lack of competencies and knowledge about the 

cost-benefits of EO). 

The use of EO applications and services is one of the most promising channels to quantify the effect of space 

investment on several performance indicators, such as, economic growth, innovation, and better quality of life. 

This work contributes to the space economy literature understanding the socio-economic value of EO from the 

perspective of firms in the Italian downstream sector. 

mailto:victoriamaria.ateca@ehu.es
mailto:veronica.lupi1@unimi.it
mailto:valentina.morretta@unimi.it
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The valuation of impacts of space debris on space-based civil protection services (Cranfield 

University) 

Master student: Josep Marsellach Pujolràs1 

1 School of Aerospace, Transport and Manufacturing, Cranfield University, College Rd, Cranfield, Wharley End, 

Bedford MK43 0AL (UK), e-mail: josep.marsellach-pujolras@cranfield.ac.uk 

This thesis is part of a group of projects that aboard the topics raised by the OECD on the valuation of space-

based infrastructure and valuation of the impact of space debris.  

This thesis focuses on what is the value of space-based infrastructure with civil protection purposes through the 

analysis of four different satellite specific case studies. Then the impact of space debris on the space-based 

infrastructure is assessed and it is analysed how it can specifically affect the value of space-based infrastructure 

for civil protection purposes and how it puts at risk its sustainability.  

To identify the value that the case studies are bringing to the civil protection segment, a model to identify that 

value has been developed. It is composed by a series of questions with different assumptions that allow to 

predict what would be the scenario in case the satellite had not been developed and other technologies had 

taken its tasks.  

For the case studies, the satellite Sentinel-2 has been found out to bring economic and social value by helping 

the authorities with their disaster management, while the rest of the satellite case studies (TerraSAR-X, CryoSat-

2 and Aeolus) are more focused on science and they provide civil protection by finding new ways of supporting 

it in the future.  

The impact of space debris has been analysed to be affecting space infrastructure in both value and economics. 

That puts at risk the sustainability of civil protection missions. 

An eco-efficiency analysis of space agencies launching activities  

(Mediterranean University of Reggio Calabria, University of York, Illinois State University and 

University of Catania) 

Massimo Finocchiaro Castro1,2,3*, Calogero Guccio2,3,4 and Domenica Romeo1,2,4 
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 2 Health Econometrics and Data Group, University of York, Heslington, York YO10 5DD (UK),  
3 Institute for Corruption Studies, Illinois State University, 100 N University St, Normal, IL 61761 (USA) 
4 University of Catania, Piazza Università, 2, 95124 Catania (Italy) 
* Corresponding author, email: massimo.finocchiaro@unirc.it 
 

Space activities are becoming crucial for many areas such as meteorology, navigation, communication and earth 

observation. For this reason, most countries are increasingly investing in the space sector to improve their space 

launching capabilities. The subsequent rising number of active satellites, responsible for the accumulation of 

orbital debris, challenges the space sustainability. Therefore, many studies address the problem, proposing 

possible solutions to debris creation.  

However, although some authors also attempt to estimate the probability of debris collision risk, none of them 

consider the satellites’ characteristics and launch cost (and more generally mission cost) which may instead be 

a key factor for an efficiency analysis. Our study tries to fill this gap, providing an efficiency analysis of the 

satellites’ life cycle, by using a Data Envelopment Analysis technique.  

Specifically, by using a subsample of the UCS Satellite Database, we consider 37 satellites, launched between 

2006 and 2020, as our Decision-making units (DMU), their launch mass and mission cost as inputs and finally 

their expected life expressed in years as output, for our input-oriented approach. The mean efficiency score 

across the sample is 0.2611, showing that on average inputs could be reduced altogether by roughly 74% to get 

full efficiency. In second step, satellites are clustered according to their users, purposes and class of orbit 
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respectively, to account for data heterogeneity. Then, the efficiency analysis is conducted for two subsamples 

referred to their purposes: earth observation and communications. As for the former, the results show a quite 

remarkable increase in the average bias corrected efficiency scores of the subsample moving from 0.4117 to 

0.5275. Also, the bias has significantly decreased from 0.1368 to 0.0970. Focusing on the latter, the average bias 

corrected efficiency score triples from 0.1799 to 0.5401, whereas keeping the bias at a very low level (0.0835).  

It appears that the satellites whose purpose is communications are those where inputs are more efficiently 

employed, keeping the expected lifetime constant. In conclusion, results show that running estimates on 

subsample to keep heterogeneity at minimum significantly allows to boost bias corrected efficiency levels. 

However, our results should be read with caution. Several limitations affect our study, the main problem being 

the reduced available sample set due to multiple missing variables in the UCS Database. Notwithstanding this, 

we do believe that our paper represents the first step in the efficiency analysis of satellites’ launches, posing the 

attention on the problem of future debris creation.  

Assessing the impact of space debris regulation on space industry and economy: incentive or 

impetus? (McGill University) 

Doctoral candidate: Maria Manoli1* 

 1. Institute of Air and Space Law, Faculty of Law, McGill University, 845 Sherbrooke St W, Montreal, Quebec 

H3A 0G4 (Canada).  

* Corresponding author, email: maria.manoli@mail.mcgill.ca  

The purpose of this paper is to demonstrate whether and how the regulation of space debris both at the 

international and at the domestic levels would enhance the safety and foreseeability in space activities and, as 

a result, contribute to the increase of investments in the space industry and to the global space economy. As 

part of this research question, this paper will also examine the possible negative impacts of such regulation on 

the space industry and whether it could, in fact, act as an impediment, rather than incentive, taking into 

particular consideration small and medium space enterprises.  

The problem of space debris has been an issue of concern to the political and academic communities during the 

past two decades. As the annual satellite launches have multiplied exponentially compared to the beginning of 

the space era, outer space has become congested with thousands of space objects, many of which are not 

functional and, as such, they do not contribute to human activity in space or on the Earth. However, as the 

regulation of the use and exploration of outer space was formed during an era when the current congestion of 

outer space could not have been foreseen, the currently existing framework addressing the management of the 

environment of outer space is neither sufficient nor adequate to address the challenges of today.  

At the same time, the problem of space debris has become more urgent than ever before. As the largest part of 

human activities relies on the use of satellites, one can imagine the impact on human life and, especially on the 

global economy, should satellite-enabled operations, such as financial transactions, be disrupted. Relatedly, the 

scholarship on the social and political aspects of space debris often considers the negative impact that a Kessler 

Syndrome scenario might have on the economic and other activities that depend on the seamless function of 

Low Earth Orbit satellites. Although the probability of such a scenario is low, the impact – should it occur – is 

estimated to be tremendous.  

Furthermore, the destructive potential of space debris is not only limited to space-based risks, but also includes 

the possibility of larger segments of space debris entering the atmosphere of the Earth, thus causing damage to 

the surface of the Earth or to aircraft in the airspace. This is especially important as activities in the field of Higher 

Airspace Operations are ever-increasing and bring with them a potent industry and market. As these activities 

utilize – and plan to utilize – altitudes that are in close proximity to outer space, the possibility of space debris 

disrupting such activities or damaging the equipment they use is present. Furthermore, given that several such 

operations are used – and are planned to be used – for the preservation and the enhancement of safety in 

aviation, a possible disruption due to a collision with uncontrolled space debris would not only endanger the 

aviation economy but also human life itself. Risks also involve the possible disruption of applications used for 

space situational awareness and space tracking applications. Moreover, the role of insurance and its place in the 
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potential economic impacts caused by space debris are of relevance and importance for all these areas of space 

activities.  

Even though the problem is widely recognized by the international community and by national space agencies, 

the steps that have been taken so far for the mitigation of the potential risks are still at a very early stage. 

International space law, specifically the Outer Space Treaty, introduces a general principle, according to which 

all space activities must be undertaken by avoiding harmful interference with activities of other States and by 

exercising – to the extend feasible – utmost care in preventing risks to the environment of outer space. Political 

efforts, however, have taken place at the level of the United Nations Committee on the Peaceful Uses of Outer 

Space to address the issue through contemporary schemes addressing the specificities – mainly technical – of 

space debris mitigation. Accordingly, the Committee has adopted the United Nations Space Debris Mitigation 

Guidelines, which, however, constitute a set of guiding principles, rather than binding rules and focus more on 

technical standards than on legal obligations to States. One more initiative that is relevant is the Inter-Agency 

Space Debris Mitigation Guidelines, which seek to address the issue in a similar manner.  

At the same time, the mitigation of space debris is absent from national space laws and only a limited number 

of national space agencies include concrete steps towards the mitigation of space debris in their space policies. 

At the level of the EU, the regulation of the issue gains momentum as the series of environmental and 

sustainability strategies that the EU has recently published have influenced the EU’s space policy to a significant 

extend. As a result, space debris management and mitigation constitutes one of the main fields of action of the 

updated EU space programme and of the new European Union Agency for the Space Programme.  

Within this policy and regulatory context, this paper will adopt the following methodologies in answering its 

research question:  

1. At a first stage, the paper will explore the state of technological advancements and capabilities regarding the 

tracking and mitigation of space debris at the international and national levels, as well as at the level of inter-

State cooperation and cooperation between private and public space actors.  

2. Secondly, the paper will investigate the efficiency of the existing international space law and available soft 

law in legally framing the use of the available debris mitigation technological capabilities.  

3. Third, the paper will investigate how/if the issue of space debris is addressed in national space policies and 

laws. The role of national space agencies and their potential for participation in international debris mitigation 

legislative efforts will also be considered.  

4. The paper will also examine whether the operational policies of private space companies take space debris 

into account through, for example, the inclusion of technical standards in their policies and practices. The 

conduct of environmental impact assessments and the inclusion of space debris-related risks in them will also 

be explored at this stage.  

5. Finally, to compare and contrast the efficiency of the existing regulatory and policy efforts towards the 

mitigation of space debris, this paper will also juxtapose such efforts to similar fields of action and regulation, 

such as the environmental regulations in aviation law, maritime law, and the law of the sea. Through this 

comparison, the paper will observe whether similar regulation in fields of action involving areas beyond national 

jurisdiction, such as in the maritime industry, has had a positive or a negative impact on their respective 

economy as well as on the global economy.  

These segments of the research will allow the paper to answer the main research question and anticipate 

whether the regulation of space debris at the international and/or national levels and the inclusion of related 

policies directly into the operational practices of space companies would have the capacity to enhance the space 

industry and benefit the global space economy.  

Linear evasion differential game of one evader and several pursuers with integral constraints 

(Mediterranean University of Reggio Calabria) 
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The field of differential games was pioneered by Isaacs (1965) and since then enormous amount of work has 
been devoted to its study. Croft (1964) showed that in the n-dimensional Euclidean ball n lions can catch the 
man, while the man can escape from 𝑛−1 lions when the controls of the players are subject to geometric 
constraints. A similar game problem was studied by Ivanov (1980) on any convex compact set and an estimate 
from above was obtained for guaranteed pursuit time. Evasion problem on time interval [t0,∞) was introduced 
and studied by Pontryagin and Mischenko (1971). Chernous’ko (1976) studied an evasion game of one evader 
and several pursuers with a state constraint. He proved that if the evader is faster than the pursuers then evasion 
is possible. In Pshenichnii (1976) was considered a simple motion differential game of many pursuers and one 
evader in Rn, when all players have the same dynamic possibilities. In Scott and Leonard (2018) the authors 
consider a pursuit-evasion game involving one pursuer and multiple evaders motivated by the seminal “selfish 
herd” model of Hamilton (1971). The pursuer can freely move in any direction with bounded speed and evaders 
move with bounded speed and bounded turning speed. Using Isaacs’heuristic argument they constructed an 
optimal strategy for the pursuer and concluded that the optimal strategy for the pursuer is to focus on a single 
evader that can be captured in minimum time. In this paper, the controls of players are subjected to integral 
constraints. An evasion differential game of one evader and many pursuers is studied. The dynamics of state 
variables 𝑥1,…, are described by linear differential equations. The control functions of players are subjected to 
integral constraints. If 𝑥i(𝑡)≠0 for all 𝑖∈{1,…,𝑚}and t≥0, then we say that evasion is possible. It is assumed that 
the total energy of pursuers doesn’t exceed the energy of evader. We construct an evasion strategy and prove 
that for any positive integer m evasion is possible. In our idea we are going to analyze this mathematical 
structure into the fields of space economy issues and/or satellite trajectories. 

Keywords: Pursuer, evader, differential game, integral constraint. 
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