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Abstract: After a brief introductory historical perspective, this chapter reviews the role played by 

international collaboration in the implementation of the four pillars. It addresses the particularly 

important perspective of enabling the ambitious set of representative missions identified in Pillar 

2, many of which are out of reach by a single space agency or accessible to only a small sub-

group of them: international cooperation appears as one of the most promising avenues to 

accomplish these missions and to provide a valuable role to each space-faring nation in planetary 

exploration. It then reviews some of the mechanisms for international collaboration and describes 

some of the most successful ones. Finally, it describes the roles that international cooperation 

and public-private collaborations are expected to play at the 2061 horizon.  
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7.1 Introduction with a historical perspective  

Planetary Exploration, Horizon 2061 is an exercise focused on the major, long-term scientific 

questions related to planetary systems (Blanc et al., 2021a, this volume). It also aims to identify 

the space missions, technologies and infrastructures needed to address these questions. The 

main actors involved in this exercise are planetary scientists, engineers and technology experts 

who are all heavily involved in the sustainable exploration of the Solar System.  
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Today, international cooperation represents an important tool to sustain the space exploration 

framework, particularly given the demanding character of the missions described in Chapter 4. 

However, cooperation is not how the endeavor of space exploration started. The onset of space 

exploration was a political and technological competition, the so-called Space Race, that started 

in the mid-1950s as one of the battle fields of the Cold War between the USA and USSR. Because 

most of the technologies used in those years were derived from military sectors, the first attempts 

to access the Earth’s outer space were not open to international cooperation.  

Despite these contentious beginnings, the scientific community’s interest in new and 

unprecedented data about the upper atmosphere and the open space environment helped to 

open limited, but important, opportunities for international cooperation. The International 

Geophysical Year (IGY), an 18-month period between July 1957 and December 1958, 

coordinated 67 countries in a series of terrestrial scientific studies, including the USA and USSR. 

In addition to the positive influence over the investigations on the Earth, the IGY enhanced the 

potential scientific use of the emerging space activities and, in that context, both the USA and 

USSR were encouraged to direct their efforts toward the scientific exploration of space. During 

the IGY, the first artificial satellites, Sputnik-1 and -2 by the Soviet Union and Explorer-1 by the 

USA, were successfully launched marking the beginning of the Space Race. However, despite 

the political tension, science was not completely overshadowed as Explorer-1’s scientific payload 

provided the first evidence for the bands of charged particles around the Earth that became known 

as the Van Allen radiation belts.   

In December of 1958, understanding the potential benefits and possible threats of competition in 

space, the General Assembly of the United Nations discussed the Question on the Peaceful Uses 

of Outer Space. A resolution to establish the ad-hoc Committee on the Peaceful Uses of Outer 

Space (COPUOS) was adopted to avoid the expansion of national rivalries into the field of outer 

space, and to ensure that the exploration and exploitation of outer space would be done for the 

benefit of mankind (https://www.unoosa.org/pdf/gares/ARES_13_1348E.pdf).    

The dual use of space activities, strategic and scientific, continued throughout the Space Race 

and generated some opportunities for international cooperation related to the development of 

scientific payloads. One of the most important examples is the Solar Wind Composition 

Experiment (SWC), a Swiss experiment that flew with the scientific payload of the otherwise all-

American Apollo missions. The SWC was deployed on the lunar surface during each of the Apollo 

landings and exposed to the solar wind for several hours before being brought back to Earth for 

analysis (https://www.hq.nasa.gov/alsj/RP-1994-1317.pdf).  

In 1966, the Treaty on Principles Governing the Activities of States in the Exploration and Use of 

Outer Space, including the Moon and Other Celestial Bodies, also known as the Outer Space 

Treaty, was adopted by the United Nations. Signed by many different countries, and acting as a 

booster for multilateral international cooperation, the Outer Space Treaty mainly identified general 

principles for cooperation that had to be complemented by ad-hoc agreements for specific 

projects. 
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Then, in 1972, with the end of the Space Race and the beginning of a more favorable international 

political scene, the United States and Soviet Union signed the Agreement Concerning 

Cooperation in the Exploration and Use of Outer Space for Peaceful Purposes. This allowed for 

the development of several joint space exploration projects and programs between the two 

countries. Among the important outcomes of this agreement was the Apollo Soyuz Test Project 

(ASTP). The objective of ASTP was to design a standard for docking systems to be used by the 

Apollo and Soyuz spacecraft, increasing opportunities for combined space activities as well as 

emergency rescue operations. On July 17th, 1975, the historical handshake between American 

and Soviet astronauts occurred after the Apollo and Soyuz spacecraft successful docked in orbit. 

The ASTP was a crucial milestone in international cooperation and served as trigger for the 

bilateral exchanges that eventually led to the development of the International Space Station 

(ISS). 

The ISS Cooperation is governed by a complex, three-tier legal framework. The first tier is the 

Inter-Governmental Agreement (IGA) which was signed in January 1998 and stipulates that UN 

conventions governing space activities apply to ISS Cooperation. The second tier consists of four 

Memoranda of Understanding (MOUs) between NASA and each of the other four Cooperating 

Agencies: the European Space Agency (ESA), Canadian Space Agency (CSA), Russian Federal 

Space Agency (Roscosmos), and Japan Aerospace Exploration Agency (JAXA). The third tier 

regulates specific activities and interactions through various bilateral implementing arrangements 

between NASA and other cooperating agencies. Each partner state has jurisdiction over the 

elements they are providing as well as their personnel. Utilization rights are defined between 

partners who can barter or sell these rights to other partners or non-member entities.  

Despite its high level of legal complexity, the ISS has proven to be a virtuous example of 

multinational cooperation. In more than twenty years in operation, it has generated incalculable 

benefits to humankind in various fields including human health, Earth observation, astronomy and 

astrophysics, and technology innovation. It has also been fundamental for education and as a 

source of inspiration for the new generation (see Robinson Julie. (2012) International Space 

Station Benefits for Humanity 10.13140/RG.2.1.4075.3765).  
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Figure 7.1: A breakdown of the International Space Station showing its international contributions. 

More recently, an important set of players have joined a new space race: private companies are 

propelling the sector forward more vigorously and swiftly than has been the case through 

governmental efforts alone. A profound transformation of the space sector is occurring, and it is 

being integrated further into both society and the economy. Investors are willing to fund 

technology development for space exploration because they are beginning to see promising profit 

opportunities over the medium- and long-term time frames. While these new players have added 

some level of complexity, primarily because the international legal framework is not currently 

adequate concerning private enterprise, their new perspectives, capabilities and needs are 

generating a boost to the space sector and a renewed momentum for space exploration.           

Despite all the challenges, the Planetary Exploration, Horizon 2061 exercise demonstrates that 

international cooperation is paramount when it comes to expanding the horizon of space 

exploration. Collaboration provides for a fruitful platform whereby science objectives and 

methodologies are discussed and agreed upon, and where differences are overcome through 

constructive dialogues among the various parties involved.  

It is in this theme that this chapter pursues the topic of international collaboration, first through the 

framework of the four pillars of planetary exploration, and then through the benefits of international 

working groups. Then, the virtues of collaboration are described by representatives of major 

space agencies and industry leaders in their own words. Finally, conclusions are drawn 

concerning the forms of international cooperation, as well as various objectives that ultimately 

lead to the fruitful scientific exploration of planetary systems. 
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7.2 The international dimension of the four pillars of planetary exploration  

The Planetary Exploration, Horizon 2061 foresight exercise identifies four pillars that underlie the 

scientific exploration of planetary systems: 1) the major scientific questions concerning planetary 

systems; 2) the different types of space missions that aim to address these questions; 3) the key 

technologies needed to make these missions possible; and 4) the ground- and space-based 

infrastructures and services needed to support these missions (see Chapter 1). 

7.2.1 Pillar 1: Science  

Chapter 1 (Blanc et al., 2021b) describes the six key science questions identified in the Horizon 

2061 exercise. These questions address our understanding of planetary systems, from their 

origins in the interstellar medium and in protoplanetary disks, to the emergence of potential 

habitats among their constituent objects. The formulation of these key questions is based on 

community contributions to the foresight exercise originating from many different countries. This 

was only possible through interactions at an international level and borderless academic 

exchanges between planetary scientists with a broad diversity of expertise. The six science 

questions are contextualized in Chapters 2 and 3 in the framework of future studies of planetary 

systems with the ultimate goal of describing the key measurements needed to address these 

questions. 

Extra-solar planetary systems 

The six science questions are first applied in Chapter 2 to the diversity of exoplanets (currently 

more than 4000) and of extrasolar planetary systems (currently over 500 multi-planet systems) 

discovered in the less than 30 years since the first exoplanet detection. This analysis shows the 

extreme diversity of types and properties of planets and detection/characterization techniques 

which need to be implemented to perform all the measurements needed. Because of this diversity, 

designing and operating the ambitious large-scale, terrestrial and space-based observation 

facilities required for the detection and characterization of exoplanets is an enormous scientific, 

technical and managerial challenge. This challenge can be met only though a vigorous exchange 

of scientific and technical knowledge between scientists, efficient coordination between space 

agencies developing exoplanet missions, and a fully open exchange of the data acquired by these 

missions. International collaboration and complementarity of efforts between space-faring nations 

are truly mandatory to explore the broad field of discovery opened by exoplanet science.  

Solar System 

The six science questions were then applied in Chapter 3 to the different provinces of the Solar 

System where many answers can already be found. A broad diversity of measurement techniques 

is needed to satisfactorily answer the six key questions by the 2061 horizon such as in-situ 

measurements, remote sensing, chemical and composition analysis, geophysical measurements 

and deep remote sensing, as well as atmosphere, heliosphere and magnetic field analysis, and 

more. The diversity of provinces and objects to be visited is equally broad and include the 
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terrestrial planets, gas giants, ice giants, small bodies (asteroids, comets, Trojans and TNOs), the 

heliopause and the interstellar medium.  

For these reasons, a free and effective exchange of scientific information between all countries 

and all national communities is vital to efficiently address the key science questions about 

planetary systems. The cooperative dialogue between scientists at an international level, 

stimulated by many international exchange platforms, such as COSPAR, IUGG and IAU, and with 

the support of open, regional or national platforms (EGU, AGU, AOGS, EPSC and others) must 

be complemented by a continuous and proactive collaboration among space agencies. This 

collaboration should also imply free access to planetary mission data as soon as possible after 

their in-flight acquisition.  

7.2.2 Pillar 2: Missions 

The planetary exploration missions needed to answer the scientific questions highlighted in 

Chapter 1 in the next four decades are difficult. These missions are described in Chapter 4 (Lasue 

et al., 2021) and they include the development of extremely-large-aperture telescopes on the 

ground and in space to detect ever smaller details in the atmospheres and on the surfaces of 

planets and exoplanets. Missions to targets that are relatively close to Earth that have been 

extensively explored in the past, such as the Moon, Mars, Venus and near-Earth asteroids, will 

need additional strategies for sample return or human exploration. However, more remote 

locations, such as the gas and ice giant planets, will need the development of efficient platforms 

and instruments for in-situ exploration, possibly leading to sample returns by 2061.  

International collaborations are already the backbone of the current era of space exploration with 

many space missions being developed by two or more space agencies, especially with respect 

to the on-board payload capabilities. These international collaborations will become even more 

important in the next decades to sustain more demanding programs targeting specific sample 

returns or more distant destinations. Only missions combining the best international payload 

instruments with the support of the most efficient and reliable international space technologies, 

will be successful in providing the answers to the science questions driving space exploration.  

This approach not only benefits from the sharing of the financial costs and risks between the 

involved parties, but also from the technological excellence developed at an international level. 

For such an architecture to work successfully, scientific data must be freely distributed between 

all partners and, subsequently, be made freely available to the public. This is already the case for 

American and European space missions with data repositories such as the Planetary Data 

System (https://pds.nasa.gov/) or the Planetary Science Archive 

(https://www.cosmos.esa.int/web/psa/psa-introduction) which distribute data from all past and 

current NASA and ESA space missions (see chapter 6).  

A significant example of multinational collaboration that will be implemented in the next decade is 

the Mars Sample Return campaign that started successfully with the landing of NASA’s 

Perseverance rover in February 2021. Illustrated in Figure 7.2, the campaign will make use of two 

rovers, Perseverance for collecting the samples, and a small, agile rover provided by ESA to fetch 



 

 8 

the sample canisters. Then, the samples will be placed in a Mars Ascent Vehicle in development 

by NASA, launched into Mars’ orbit and collected by the Earth Return Orbiter provided by ESA 

for a safe return to Earth. This decade-long campaign will take full advantage of the technology 

developments of both partners. Rules for the curation and distribution of the samples to the 

worldwide scientific community will need to be clarified to maximize the scientific return of their 

study (see chapter 6).  

 

Figure 7.2: Cooperative architecture of the Mars Sample Return Campaign. 

Similar sample return campaigns can be envisioned for the long-term exploration of Venus, 

asteroids, Trojans, comets and the icy satellites of the giant planets, as described in Chapter 4. 

Ambitious future missions to giant planets will require partnerships as well, possibly by splitting 

the roles of the spacecraft following the highly successful model of the Cassini-Huygens mission 

to the Saturn system.  
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Figure 7.3: International participation in the Cassini-Huygens mission. 

By 2061, missions deep into the still poorly known local interstellar medium beyond the heliopause 

boundaries, or to intersect interstellar objects transiting through the Solar System, are envisioned. 

For these missions, international collaborations based on the usual instrument payload provision 

agreements are expected.  

The human return to the Moon, and the possible human exploration of Mars, will offer outstanding, 

and likely essential, opportunities for international collaborations in the near future. The on-going 

development of the cis-lunar gateway station by a consortium of space agencies (NASA, 

Roscosmos, ESA, JAXA, ASC) may lay the foundations of an enhanced and sustainable era of 

international collaboration for the human exploration of deep space.  

 

Figure 7.4:  International participation in the Lunar Gateway. 
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7.2.3 Pillar 3: Technologies 

There are many instances of international cooperation in the field of space technology, whose 

applications to planetary exploration are described in chapter 5 (Grande et al., 2021). The RD-

180 rocket engine is one famous example of international cooperation between the United States 

and Russia. In 1997, the United States bought 100 RD-180 engines from Russia for $10 million 

each. To date, Russia has supplied 116 RD-180 engines to the United States to service Atlas III 

and Atlas V rockets. The benefits of international cooperation for this type of global tendering and 

procurement include lower development costs and shorter development time. Although 

governments and space agencies have developed important technologies and infrastructures, the 

private sector and other non-governmental entities also play an increasingly important role in 

these areas.  

There are generally three types of international cooperation in space technology: scientific 

payloads, spacecraft and launch vehicle platforms, and stand-alone components. 

Scientific payloads 

Advanced instrumentation for the Horizon 2061 missions includes in-situ instruments such as 

biosignatures at nanoscales used for life detection in the ice-ocean worlds and advanced mass 

spectrometers for terrestrial planets and gas giants. The science payloads of the future missions 

will benefit from international cooperation as they will have to be more effective, lighter, less power 

demanding, smarter and more autonomous. There is also no need for each country's deep-space 

probe to carry its own science payloads. For example, the Chang'e-4 mission carried four 

scientific payloads from The Netherlands, Saudi Arabia, Germany and Sweden, marking a 

prelude to international cooperation in China's lunar exploration program. 

Deep space spacecraft and launch vehicle platforms 

Critical components of launchers and spacecraft such as platforms, inertial components, 

antennas, and rocket engines could be purchased globally and collaborated internationally if there 

were no prohibitions between government departments. Also launch services for entire spacecraft, 

such as Russia's Soyuz spaceship, could be handled via international cooperation. Another 

collaboration opportunity will be to provide an on-board launch service by ferrying micro- and 

nanosatellites into space for deep space, multi-point exploration. These small spacecraft will most 

likely be taken into space by another country's main probes and launch vehicles. 

Raw materials and stand-alone components 

For future deep space exploration missions facing complex environmental conditions, such as 

extreme temperatures, the production of electronics and other components that can handle these 

conditions is key. However, this can be a major challenge, requiring not only high-quality raw 

materials, but also advanced manufacturing technology. For countries that have not been in the 

space industry for long, these technologies can become "bottlenecks" which could be remedied 

through international cooperation. 
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7.2.4 Pillar 4: Infrastructures and services 

International collaborations are often needed for mid- to large-scale Research Infrastructure (RI) 

to split the financial and technological burden between different actors. International or 

multinational RI under EU regulation are “facilities, resources and services that are used by the 

research communities to conduct research and foster innovation in their fields. These 

infrastructures and services playing a key role in support to planetary exploration are described 

in chapter 6 (Foing et al., 2021). They include: major scientific equipment (or sets of instruments), 

knowledge-based resources such as collections, archives and scientific data, infrastructures, 

such as data and computing systems and communication networks and any other tools that are 

essential to achieve excellence in research and innovation” (Article 2 (6) of the Regulation (EU) 

No 1291/2013). Whether facilities are single-sited (e.g. large telescopes), distributed (e.g. 

biobanks) or mobile, they have governance structures allowing multiple partners to coordinate 

investments while optimizing available resources and socioeconomic benefits.  

The most famous example of a multinational RI is the International Space Station (ISS), which is 

described above in section 7.1. In the case of ground-based RI, collaboration can be an asset to 

find the best place to build the facility (e.g. telescopes which need clear skies), but it can also 

bring nationalistic issues if there is no scientific reason for a specific location. In these cases, it is 

even more important to have clear and open rules on access and collaboration, to ensure that all 

funding members, as well as the general science community, have access to the services of the 

facility.  

International RI is also a powerful tool for science diplomacy. One of the most ambitious sample 

return missions to date, Mars Sample Return, is a prime example of international collaboration 

between NASA and ESA. The campaign will need three launches from Earth, as well as a launch 

from Mars, to deliver samples safely back on Earth (see Figure 7.2). In 2020, ESA and NASA 

signed a memorandum of understanding (MoU) on flight segments, and both agencies are 

working together to define how to receive, curate and handle the samples once they are back, in 

the early 2030s. A future Mars Sample Return science MoU will clarify the governance and 

ownership of samples. Since an extraterrestrial sample collection does not have an expiration 

date, it is crucial to clarify this collaboration over the long term, ensuring that both partners are 

sharing benefits and maximizing science return. 

Storage and curation of returned samples in space (see technological trade-off in Chapter 6, 

section D) could address some of the legal challenges of ground-based curation facilities. These 

facilities would be closer to the space-based ISS or Lunar Gateway in terms of governance, with 

the ability to have a truly international facility without national restrictions on movement of 

personnel and property laws pertaining to sample ownership. While space law is still in its infancy, 

largely owing to our limited activities beyond Earth orbit thus far, samples curated in space, 

beyond national borders, have the potential to avoid some of the more pernicious effects of 

national and international law. 
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7.3 International collaboration working groups towards 2061: ISECG,  

COSPAR and ILEWG as examples of fruitful international collaboration 

In the last few decades, different working groups have formed involving scientists, industries and 

space agencies to carry out discussions about common objectives and interests related to 

exploration underlining the importance that international cooperation plays in the implementation 

of the identified exploration missions.  

7.3.1 International Space Exploration Coordination Group (ISECG) 

The International Space Exploration Coordination Group (ISECG) is a forum of space agencies 

to advance the Global Exploration Strategy through coordination of their mutual efforts in space 

exploration. 

Founded in 2007, ISECG is a non-binding forum in which participating space agencies share 

information about their space exploration plans, objectives, and interests with the goal of 

strengthening individual agency exploration programs and the collective effort. ISECG was 

established in response to "The Global Exploration Strategy: The Framework for Coordination," 

developed by 14 space agencies and released in May 2007. This GES Framework Document 

articulated a shared vision of coordinated human and robotic space exploration focused on Solar 

System destinations where humans may one day live and work 

(https://www.nasa.gov/exploration/about/isecg).  

The current Global Exploration Roadmap reaffirms the interest of its members to expand the 

human presence into the Solar System, with the surface of Mars as a common driving goal. It 

reflects a coordinated international effort to prepare for space exploration missions beginning with 

the International Space Station and continuing to the lunar vicinity, the lunar surface, then on to 

Mars. The expanded group of agencies demonstrated the growing interest in space exploration 

and the importance of cooperation to realize individual and common goals and objectives (The 

Global Exploration Roadmap, January 2018). The roadmap indicates how capabilities under 

development or study around the world can enable a sustainable future of human and robotic 

space exploration. 

https://www.nasa.gov/exploration/about/isecg
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Figure 7.5: Global Exploration Roadmap 

7.3.2 Committee on Space Research (COSPAR) 

Responding to concerns raised in the scientific community that spaceflight missions to the Moon 

and other celestial bodies might compromise their future scientific exploration, in 1958 the 

International Council of Scientific Unions (ICSU) established an ad-hoc Committee on 

Contamination by Extraterrestrial Exploration (CETEX) to provide advice on these issues. In the 

next year, this mandate was transferred to the newly founded Committee on Space Research 

(COSPAR), which as an interdisciplinary scientific committee of the ICSU (now the International 

Science Council - ISC) was considered to be the appropriate place to continue the work of 

CETEX. Since that time, COSPAR has provided an international forum to discuss such matters 

under the terms “planetary quarantine” and later “planetary protection”, and has formulated a 

COSPAR planetary protection policy with associated implementation requirements as an 

international standard to protect against interplanetary biological and organic contamination, and 

after 1967 as a guide to compliance with Article IX of the United Nations Outer Space Treaty in 

that area (UNOOSA 2017, Report of the Committee on the Peaceful Use of Outer Space, 60th 

Session, A/72/20, United Nations, New York) 

(https://cosparhq.cnes.fr/assets/uploads/2020/07/PPPolicyJune-2020_Intro_Web.pdf). 

The COSPAR Planetary Protection Policy, and its associated requirements, is not legally binding 

under international law, but it is an internationally agreed standard with implementation guidelines 

for compliance with Article IX of the Outer Space Treaty. States Parties to the Outer Space Treaty 

are responsible for national space activities under Article VI of this Treaty, including the activities 

https://cosparhq.cnes.fr/assets/uploads/2020/07/PPPolicyJune-2020_Intro_Web.pdf
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of governmental and non-governmental entities. It is the State that ultimately will be held 

responsible for wrongful acts committed by its jurisdictional subjects 

(https://www.hou.usra.edu/meetings/lpsc2021/pdf/1849.pdf). 

Updating the COSPAR Planetary Protection Policy, either as a response to new discoveries or 

based on specific requests, is a process that involves appointed members of the COSPAR Panel 

on Planetary Protection who represent, on the one hand, their national or international authority 

responsible for compliance with the United Nations Outer Space Treaty of 1967, and, on the other 

hand, COSPAR Scientific Commissions B – Space Studies of the Earth-Moon System, Planets 

and Small Bodies of the Solar Systems, and F - Life Sciences as Related to Space. After reaching 

a consensus among the involved parties, the proposed recommendation for updating the Policy 

is formulated by the COSPAR Panel on Planetary Protection and submitted to the COSPAR 

Bureau for review and approval (https://www.nap.edu/read/26029/chapter/9). 

The recently updated COSPAR Policy on Planetary Protection was published in the August 2020 

issue of COSPAR's journal Space Research Today.  

Among COSPAR's objectives are the promotion of scientific research in space on an international 

level, with emphasis on the free exchange of results, information, and opinions, and providing a 

forum, open to all scientists, for the discussion of problems that may affect space research. 

7.3.3 International Lunar Exploration Working Group (ILEWG) 

The International Lunar Exploration Working Group (ILEWG) is a public forum reporting to 

COSPAR and the world's space agencies to support "international cooperation towards a world 

strategy for the exploration and utilization of the Moon - our natural satellite" (International Lunar 

Workshop, Beatenberg (CH), June 1994). ILEWG was founded by several space agencies: ASA, 

ASI, BNSC, CNES, DARA, ESA, ISAS, NASA, NASDA, RSA 

(https://en.wikipedia.org/wiki/International_Lunar_Exploration_Working_Group). 

Since 1994 ILEWG has been organizing the ICEUM International Conferences on Exploration & 

Utilization of the Moon with published proceedings, and where community declarations have been 

prepared and endorsed by community participants.  ILEWG has defined a roadmap towards future 

exploration, utilization and settlement of the Moon, and has been coordinating international 

cooperation opportunities including the use of lunar data, ground station support, the contribution 

of international payload on lunar missions, the definition and development of joint missions, and 

the preparation for robotic village and human base activities.  

ILEWG has established a number of task groups that coordinate various activities supporting 

lunar science, exploration and settlements: Science, Technology, Missions, Moon-Mars Synergy, 

astronauts and Moonbases, Sociocultural, Economy, MoonVillage, Young Lunar Explorers, 

EuroMoonMars projects and capacity building, and ArtMoonMars.  

The EuroMoonMars campaigns consist of research activities for data analysis, instruments tests 

and development, field tests in Moon-Mars analogues, pilot projects, training and hands-on 

workshops and outreach activities. ILEWG has been collaborating with the International 

https://www.hou.usra.edu/meetings/lpsc2021/pdf/1849.pdf
https://www.nap.edu/read/26029/chapter/9
https://en.wikipedia.org/wiki/International_Lunar_Exploration_Working_Group
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Moonbase Alliance (IMA)[8] and the Hawaii Space Exploration Analog and Simulation (HI-SEAS) 

on a series of EuroMoonMars. Some EuroMoonMars campaigns were conducted in an isolated 

MoonMars habitat in Poland at AATC Analog Astronaut Training Center, and in Iceland towards 

the deployment of a lava tube subsurface habitat.  

ILEWG has been developing MoonVillage workshops, forums and activities in collaboration with 

ESA, space agencies, international partners, academia, industries and worldwide lunar explorers. 

Multiple goals of the MoonVillage include planetary science, life sciences, astronomy, 

fundamental research, resources utilization, human spaceflight, peaceful cooperation, economic 

development, inspiration, training and capacity building.  

The Moon represents a prime opportunity for political, programmatic, technical, scientific, 

operational, economical and inspirational reasons. COSPAR and its ILEWG International Lunar 

Exploration Working Group (created 20 years ago) have been supporting opportunities of 

collaboration between lunar missions and exchange on future projects.  A flotilla of lunar orbiters, 

landers and rovers has been deployed for science and reconnaissance in the last decades 

(SMART-1, Kaguya, Chang’E1 to 5 missions, Chandrayaan-1, LCROSS, LRO, GRAIL, LADEE) 

and many others are planned (Chang’E6&7, SLIM, Luna 25-27, CLPS, VIPER, Chandrayaan-3, 

etc..).  

In the next few years, a number of human missions will bring astronauts in lunar orbit and on the 

lunar surface, opening up new opportunities for international collaboration also to meet the 

objectives of the Horizon 2061 planetary exploration study. 

7.4 Examples of national programs implementing international collaboration 

Below are some commentaries on how international cooperation is essential to sustain 

exploration missions. 

7.4.1 NASA Planetary Exploration Program and International Partnership 

by James Green (NASA)  

Planetary exploration investigates objects and physical processes throughout the solar system 

and beyond.  Because these missions typically take longer to develop and take a long time to get 

to their targets, the scope of possible scientific investigations can easily outpace available 

resources. Many planetary missions require a commitment of several decades. International 

partnerships do lead to a team approach for planetary exploration that could never be done by 

one space agency alone. NASA has engaged in many such partnerships.   

Foreign policy objectives, public diplomacy, and international cooperation have been a part of 

NASA since its inception. Under its founding legislation, the 1958 National Aeronautics and Space 

Administration Act, NASA may engage in cooperation with other nations, and is directed to 

disseminate as widely as practicable the information it gains in so doing. More recently, the goal 

of the 2010 National Space Policy states that NASA must expand international cooperation on 
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mutually beneficial space activities in order to: broaden and extend the benefits of space, further 

the peaceful uses of space, and enhance collection and participation partnerships in sharing 

space derived information. This approach was reaffirmed in the 2020 National Space Policy goal 

that stated that NASA should “... encourage and expand international cooperation on mutually 

beneficial space activities that broaden and extend the benefits of space for all humanity; further 

the exploration and use of space for peaceful purposes ...” 

NASA's guidelines for international cooperation, generally between government agencies, are 

consistent with U.S. law and foreign policy objectives.  They must: have scientific and technical 

merit; be of benefit to NASA; be collaborative with no exchange of funds; and, have clear 

managerial and technical interfaces. NASA's international partnerships are always documented 

in legally-binding agreements, which may be reviewed by the U.S. Department of State and other 

government agencies as appropriate. NASA's international science partnerships come from 

bilateral or multilateral decision meetings. The types of collaborations considered by NASA 

include accepting foreign instruments on NASA missions, NASA providing an instrument or 

instruments to foreign missions, and the exchange of extraterrestrial samples or data. Currently 

NASA maintains approximately 700 active international partnership agreements. About half of all 

NASA international agreements are with partners in Europe. The largest number of agreements 

are currently with the following countries: Japan, France, the European Space Agency, Germany, 

Canada, Italy, and Australia.  

Today, most planetary science missions have become extremely sophisticated and complex to 

the point where international cooperation is essential. One such mission being planned is the 

return of samples from Mars, currently being created by NASA’s Perseverance Rover, which 

safely landed on the Martian surface in the early part of 2021. Returning samples from Mars will 

require several coupled missions and significant international participation in order to be 

successful. As teams ponder the elements of this Mars sample return, the mission may possibly 

include: 1) a fetch rover to collect the samples that are being created and laid on the surface of 

Mars, 2) a Mars ascent vehicle that will take those collected samples and place them into a 

capsule, then loft them into a high-altitude Mars orbit, and 3) a spacecraft, that will capture the 

orbiting sample capsule and return it to Earth for analysis. In addition, international agreements 

will incorporate how and where these samples will be managed, analyzed, and distributed, such 

that they can conform to the COSPAR planetary protection guidelines. It appears that the Mars 

sample return mission, with these above elements, will require the most extensive international 

science partnerships that NASA has been involved with to date. 

In addition to Mars sample return, the National Academy of Sciences (NAS) is currently 

developing the Planetary Decadal Survey, a document which delineates the top scientific 

questions in planetary science and astrobiology to be answered by NASA’s planetary missions in 

the time frame 2023-2032. It is anticipated that NASA will receive recommendations, and 

encouragement, from the NAS Planetary Decadal Survey report for enhancing international 

partnerships for those missions of common interest and sufficient complexity that require 

expertise from a range of space agencies in order to be accomplished.  



 

 17 

7.4.2 ESA Organization and International Partnership 

by Bernard Foing (ESA) 

The European Space Agency (ESA) is Europe’s gateway to space. Its mission is to shape the 

development of Europe’s space capability and ensure that investment in space continues to 

deliver benefits to the citizens of Europe and the world. ESA is an international organization with 

22 Member States. By coordinating the financial and intellectual resources of its members, it can 

undertake programmes and activities far beyond the scope of any single European country. The 

national bodies responsible for space in these countries sit on ESA’s governing Council: Austria, 

Belgium, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, 

Ireland, Italy, Luxembourg, the Netherlands, Norway, Poland, Portugal, Romania, Spain, Sweden, 

Switzerland and the United Kingdom. Canada takes part in some projects under a Cooperation 

Agreement. Slovenia and Latvia are Associate Members. Six other EU states have Cooperation 

Agreements with ESA: Bulgaria, Croatia, Cyprus, Lithuania, Malta and Slovakia. 

ESA’s activities fall into two categories – ‘mandatory’ and ‘optional’. Programmes carried out 

under the General Budget and the Space Science programme budget are ‘mandatory’; they 

include the agency’s basic activities (studies on future projects, technology research, shared 

technical investments, information systems and training programmes). Exploring the Universe, 

and sending satellites and humans into space in a secure and sustainable environment for all, 

are among the major challenges for developed nations in the 21st century. This is why over 20 

European countries have been pooling resources for over 50 years, putting Europe at the forefront 

of space science, technology and applications. Today, Europe’s citizens enjoy the benefits of ESA 

activities, from jobs and economic growth, to public services, efficient communications and 

security. ESA’s wealth of experience and track record of success, in elaborating and implementing 

space programmes for more than 50 years, have allowed it to continuously improve and adapt to 

its changing environment. In order to ensure the full integration of space into European society 

and economy, ESA regularly shares its experience with other European entities. In concert with 

the national bodies responsible for space of its Member States, the European Union, Eumetsat, 

the European Defence Agency and ESA’s international partners, it manages the research and 

development programmes needed to maintain the competitiveness of Europe’s world-class 

industry and to support the outstanding scientific discoveries of the future. 

Globalisation of space activities has been accelerating during the first decade of the 21st century: 

– More than 60 nations implement national space programmes – Numerous public and private 

operators are offering launch services, satellite product and services, and are exploiting space 

systems to deliver new applications – Global demand for space data and services has been 

growing exponentially in certain regions of the world (e.g. Latin America, Asia Pacific). 

While taking stock of these developments of the international space community, ESA charts a 

general approach to international relations along the following directions (Naja et al, 2012):  

• ESA’s international strategy is closely linked to the ever growing significance of the 

international dimension of the Agency programmes;  
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• A balance is to be continuously found between cooperation and competition in order to 

establish solid partnerships;  

• A strategy is, above all, the definition of a framework of ESA international engagement at the 

service of approved programmes and for identifying the most beneficial link between Agency 

activities and corresponding international partners. 

Key Objectives are:  

• Securing an ESA participation in large and complex programmes (e.g. ISS, exploration) 

• Leveraging ESA resources via international cooperation in order to bring in contributions from 

Non-Member States to expand ESA programmatic deliveries 

• Securing international operational support to ESA missions (e.g. ground stations)  

• Optimising ESA missions’ exploitation and data access via dedicated arrangements to both 

secure ESA access to non-Member States’ missions and, when appropriate, facilitate the 

dissemination of ESA missions’ data around the world  

• Serving the global objectives of the Agency programmes with specific actions commensurate 

to available resources and interests 

• Serving the interests of the Member States, and of the EU for EU-funded programmes.  

International cooperation is essential to implement the objectives and needs of the ESA 

programmes. International cooperation at ESA addresses approved programmes and it is carried 

out following the unanimous approval of dedicated agreements by Member States. 

Principles for a successful international strategy are:  

• Maintain a balanced approach to international cooperation with possibilities of back-up options 

in case one international partner withdraws 

• Define the most successful international cooperation model to be applicable to a specific 

programme, taking into consideration that historically, the most successful models have 

followed a well-established leadership role in a cooperative activity with ESA either in a 

leadership role or as a junior partner 

• Strive to define affordable contributions in the critical path of a joint international mission 

International cooperation is an ESA priority and it applies to the search and securing of 

international partners’ contributions during the development phase of ESA programmes or vice-

versa. International cooperation is implemented with key capable spacefaring nations – namely 

the United States, Russia, China, Japan, Canada, India, etc.  

International relations entails necessary background work to develop international cooperation. 

This background work ranges from the monitoring of relevant international space developments 

to advise on possibilities for ESA to seize cooperation opportunities offered by international 

partners. 

Example of ESA’s international cooperation actions: 
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• United States: ISS; the James Webb Space Telescope; Solar Orbiter; Euclid; definition of 

future space science cooperation; discussions on new Earth observation cooperative activities  

• Russia: definition of a new cycle of cooperation after Soyuz at Guiana Space Centre which 

encompasses ExoMars, JUICE, lunar robotics and ground operations cross-support  

• China: continuation of successful Earth science cooperation (Dragon-3); discussion of new 

cooperative activities after Double Star  with KuaFu, X-ray, SMILE. Collaboration on Chang'e 

1,2 orbiters, Chang'e 3-4-5 landers and future missions; exchange of training sessions of 

astronauts 

• Japan: implementation of two cooperative missions: BepiColombo and EarthCare  

• Joint international actions with the EU 

Coordination of international actions with the EU is based on the ESA – EU Framework 

Agreement (article 7, “External dimension of the cooperation”, which foresees mutual information 

and consultation if relevant), and related provisions of the successive Space Council resolutions, 

which call for such a coordination and support to EU policies.  

• Coordination is undertaken at different levels, in the context of regular meetings.  

• ESA joins and actively supports the EC for Space Dialogues with the US, Russia, China and 

South Africa.  

• The general principle is that ESA provides support to EU international actions related to space, 

on the basis of an ESA programmatic interest and within available ESA resources. 

Specific arrangements are taken to acquire data from international partners’ missions, in particular 

in the Earth observation area.  

• Expansion of the use of ESA missions’ data to meet global needs (e.g. climate change, 

Charter on space and disasters, regional needs, implementation of international conventions, 

etc.).  

• Facilitation and coordination role of the Agency for Member States actions in the UN context. 

ESA strategic position and guidelines implementation for international cooperation are endorsed 

by the Space Council in May 2007 (https://www.copernicus.eu/sites/default/files/2018-

10/Resolution_EU_Space_Policy.pdf). 

 

7.4.3 Japan’s Planetary Exploration Program and International Partnership  

by ONODA Masami and TOKAKU Yoshio, Japan Aerospace Exploration Agency (JAXA) 

The year 1985 marked a memorable year when Japan acquired the capability for interplanetary 

navigation, with the successful launch of satellites Sakigake and Suisei to observe the Halley 

comet, as part of the "Halley Armada" spacecrafts from Japan, the US, Europe, and the Soviet 

Union. This led to the establishment of the IACG (Inter-Agency Consultative Group), which 

remains today an effective international cooperative framework. Since then, the Institute of Space 

and Astronautical Science (ISAS) of JAXA has planned and developed a series of planetary 
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exploration missions, including lunar probe Hiten (launched in 1992), Mars probe Nozomi (1995), 

asteroid sample return mission Hayabusa (2003), Venus climate orbiter Akatsuki (2010), 

Hayabusa2 (2014), Mercury orbiter BepiColombo (2018) and now planning the Martian Moons 

eXploration (MMX) mission for launch in Japanese fiscal year 2024.   

The Hayabusa spacecraft returned samples from Asteroid Itokawa while establishing innovative 

ion engine technologies. Its successor Hayabusa2 returned samples from the C type Asteroid 

Ryugu and is expected to elucidate the origin and evolution of the solar system and primordial 

materials that may have led to the emergence of life. Hayabusa2 is an international cooperative 

mission with NASA, DLR, and CNES, and the Australian government providing the capsule 

landing site. The samples retrieved from Ryugu by Hayabusa2 will be exchanged with NASA’s 

OSIRIS-Rex samples from Bennu for scientific analysis. JAXA is further planning MMX, which will 

bring back samples to study the origins of the Martian Moons, under international partnership with 

CNES, NASA, ESA and DLR. The plan is that the missions Hayabusa, Hayabusa2 and MMX will 

bring back to Earth samples from small space bodies every ten years. In addition, there is an 

initial concept study to possibly have another return mission to Earth around 2040 from a 

proposed Halley revisiting mission (Ozaki, Naoya, G. Murakami, K. Yoshikawa et. al, “Concept 

Study of Comet Harley Revisit Mission,” presented at Horizon 2061conference (2019). Available 

at: https://h2061-tlse.sciencesconf.org/data/pages/2.4_Naoya_Ozaki_H2061.pdf). ISAS studies 

these small bodies in the hope of unveiling the origins of small bodies, and of determining when, 

where and how they may have enabled the habitability of our Planet by delivering water and 

organic compounds. The ISAS future space program comprises such planetary and other space 

science missions, effectively utilizing platforms of various sizes and benefiting from international 

cooperation, to achieve the maximum scientific and engineering outcomes within the available 

resources.  

The overall space exploration scenario of JAXA (see JAXA’s website on international space 

exploration, available at: https://www.exploration.jaxa.jp/e/, last visited 28 Feb. 2021) spans from 

Low Earth Orbit to the Moon, and to Mars and beyond. JAXA is a member of the International 

Space Station program, now counting its 20th anniversary with permanent human presence in 

space. Japan’s contribution to the ISS program is the Japanese experiment module, Kibo, the 

Japanese astronauts and the cargo resupply mission HTV, currently being upgraded to HTV-X. 

In the lunar orbit and on lunar surface, JAXA plans to participate in the lunar “Gateway”, as part 

of the Artemis program, and in sustainable lunar surface exploration, contributing knowledge and 

technology gained from the ISS program and space science missions. In the early 2020’s JAXA 

is planning the Smart Lander for Investigating the Moon (SLIM) to demonstrate precision landing 

technology essential for future lunar and planetary exploration, utilizing the existing data from the 

lunar orbiter SELENE (Kaguya) mission. Also planned is the Lunar Polar Exploration mission in 

cooperation with ISRO. This mission will investigate the abundance of water and the possibilities 

for resource utilization in the lunar polar region. Beyond that, JAXA is studying the pressurized 

crew rover, aiming at enabling long-range crew exploration on the lunar surface. Beyond the 

Moon, JAXA is leading the MMX mission to return samples from the Martian Moon Phobos, as 

described earlier, building on lunar exploration techniques and discoveries. 

https://h2061-tlse.sciencesconf.org/data/pages/2.4_Naoya_Ozaki_H2061.pdf
https://www.exploration.jaxa.jp/e/
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In October 2020, the Artemis Accords were signed by eight countries (Australia, Canada, Italy, 

Japan, Luxemburg, UAE, UK, US) as a political declaration that aims to describe a common vision 

regarding the principles to govern the civil space exploration and use of outer space. The global 

partnership among governments and industry not only brings the resources for space missions 

together but also enables scientific research and applications, and benefits to the global society 

and economy. International cooperation is the integral factor that has made our efforts in space 

exploration possible and will no doubt continue to make future missions even more robust, 

sustainable and inspiring for all of us in the world. 

7.4.4 China’s Deep Space Exploration and International Cooperation 

by LI Ming and DU Hui, China Academy of Space Technology (CAST) 

In 2000, China National Space Administration (CNSA) issued the white paper "China's Space 

Activities", officially proposing that China would carry out deep space exploration activities starting 

from lunar exploration. Chang'E-1 lunar orbiter launched in 2007 implemented remote sensing of 

lunar surface and Earth-Moon space environment exploration. Chang'E-2 orbiter launched in 

2010 implemented remote sensing of lunar surface, then flew to Sun-Earth L2 and performed an 

asteroid flyby of 4179 Toutatis with technical demonstration. Chang'E-3 launched in 2013 

achieved soft landing and roving on lunar surface. QueQiao relay satellite and Chang'E-4 

launched in 2018 achieved soft landing and roving on far side of the Moon for the first time in 

human history. TianWen-1 launched in 2020 achieved Mars orbiting, EDL and roving exploration 

in 2021; Chang'E-5 implemented robotic lunar sample return and brought back 1.7kg lunar 

samples to Earth at the end of 2020. 

China's deep space exploration missions have been adhering to the principle of cooperation and 

openness, and have carried out extensive exchanges and cooperation with European Space 

Agency (ESA), Russian Federal Space Agency (Roscosmos) and other institutions, as well as 

scientific institutions in Europe and Russia. During the Chang'E-4 mission, several international 

payloads were piggybacked on the relay satellite, the experimental nano-satellite, the lander and 

the rover respectively. The Netherlands–China Low–Frequency Explorer (NCLE) was onboard 

QueQiao relay satellite, by which the low-frequency radio astronomical observation at Earth-Moon 

L2 point was implemented for the first time. The Lunar Camera Payload (KLCP) of Saudi Arabia 

piggybacked on the LongJiang experimental nano-satellite obtained image of lunar surface. The 

lunar Lander Neutrons and Dosimetry (LND) of Germany was piggybacked on the lander, by 

which the comprehensive radiation dose and LET spectrum of lunar particles, fast neutron energy 

spectrum, and thermal neutron flux of lunar surface were studied for the first time. The Advanced 

Small Analyzer for Neutrals (ASAN) of Sweden was piggybacked on the rover to detect energy 

neutral atoms and positive ions for the first time, and to study the distribution function of energy 

neutral atoms and positive ions and their relationship with lunar surface topography and local 

time. During TianWen-1 mission, CNSA cooperated with France in the scientific instruments 

calibration and research of Mars Surface Composition Detection package (MarSCoDe) onboard 

ZhuRong Mars rover. CNSA also implemented joint calibration of two piggyback payloads on the 

orbiter, the magnetometer with Austria, and the Mars ion and neutral particle analyzer with 
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Switzerland. The communication and cooperation among scientists and engineers from China 

and Europe have been greatly promoted through deep space missions. 

The scientific achievements and output data of China's deep space exploration have been made 

public via Data Release and Information Service System of China’s Lunar Exploration Program 

(https://moon.bao.ac.cn) and China’s Lunar and Deep Space Exploration Network 

(www.clep.org.cn), providing research opportunities for scientists all over the world. 

In addition, China and other countries (or institutions) have also carried out a lot of cooperation in 

scientific research, the formation of joint scientist teams, the establishment of joint laboratories, 

and the construction of joint data centers. In 2019, CNSA and ESA established the CNSA-ESA 

International Lunar Research Team based on lunar science and other fields, whose major goal 

was to cooperate in International Lunar Research Station (ILRS), including determining the priority 

of science and application objectives, exploration tasks, payload requirements, and lunar sample 

research and joint laboratories, etc., and discussed the cooperation opportunities for both sides. 

China and Russia hold a series of regular meetings to discuss cooperation in science and 

technology, including mission implementation, establishment of joint laboratories, and 

construction of joint data center, etc. In 2020, China and Russia set up a joint working group to 

carry out cooperation in various fields including the joint construction of ILRS; a joint team of 

scientists was established to jointly demonstrate the scientific objectives and payload 

configuration requirements of ILRS. 

China has planned the fourth phase of China’s Lunar Exploration Program and subsequent 

planetary missions. In terms of lunar exploration, it plans to conduct in-depth investigation of lunar 

South Pole and implement various technical demonstrations through fourth phase of China’s 

Lunar Exploration Program, and establish foundation for an ILRS that can operate autonomously 

for a long time. In terms of planetary exploration, robotic asteroid sample return, robotic Mars 

sample return, and Jupiter system exploration will be implemented as planned. 

CNSA has invited Roscosmos, ESA and other partners, and conducted several rounds of 

discussions on the joint construction of ILRS. In March 2021, China and Russia signed a 

“Memorandum of Understanding Regarding Cooperation for the Construction of ILRS”. In June 

2021, during the Global Space Exploration Conference (GLEX-2021), China and Russia jointly 

released the Roadmap for the ILRS (V1.0) and the ILRS Guide for Partnership (V1.0), which 

introduced the concept, scientific fields, implementation approaches, and cooperation 

opportunities of ILRS, and provided suggestions for international partners’ participation in the 

phase of planning, demonstration, design, development, implementation and operation. 

Up to date, Opportunities Announcement of international piggyback payload has been 

promulgated for Chang'E-6, Chang'E-7 and asteroid missions, and some consensuses have been 

reached on the joint development of some scientific instruments. Subsequent cooperation will be 

actively implemented in scientific research, ground test, and TT&C support, etc. For the future 

prospect, China will continue to promote extensive international exchanges and cooperation in 

deep space exploration, strengthen scientific research, solve critical scientific problems, improve 

https://moon.bao.ac.cn/
http://www.clep.org.cn/
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engineering technology, and promote the peaceful exploration and utilization of space for all 

mankind. 

7.5 Conclusions 

7.5.1 Forms of international cooperation in planetary exploration 

International cooperation in planetary exploration can be bilateral, regional or global. Considering 

that planetary exploration benefits all humankind, it is desirable to cooperate at global level. 

However, bilateral and regional cooperation are also important and more practical in many cases. 

All forms of international cooperation should be encouraged without prejudice.  

International cooperation can also be governmental or non-governmental. Among the four Pillars 

of the Horizon 2061 exercise, cooperation for Pillar 1 is the most suitable one for non-

governmental cooperation. Being non-governmental, it will be conducive to free thinking and 

innovation. As for Pillar 2, “space missions”, it is better to cooperate under a governmental 

framework, which would be legally binding so that commitments would more likely succeed. 

Planning and implementation of space missions depend heavily on the participation and 

substantial contributions of competent governments and space agencies. Non-governmental 

entities can also contribute to space missions, but the primary cooperation for space missions 

should be inter-governmental. For Pillar 3, key technologies, and Pillar 4, ground- and space-

based infrastructures, non-governmental approaches would be suitable. Though governments 

and space agencies develop technologies and run infrastructures, the private sector and other 

non-governmental entities tend to play a more important role in these areas. Contributions from 

non-governmental entities would be essential for Pillars 3 and 4. 

According to the approach followed by the Horizon 2061 foresight exercise, which is introduced 

at the beginning of this book in Chapter 1, scientific questions, Pillar 1, are the starting points for 

the design of the other three Pillars (see Figure 1.1) and they are also where international 

cooperation should begin. Fortunately, science goes beyond boundaries and international 

cooperation in this area is relatively easy and natural. Mission-level cooperation, such as the Mars 

Sample Return campaign under study by NASA and ESA (Figure 7.2), can also be carried out 

without much constraint since it would not involve the details of space technologies and 

infrastructures. Analysis of data and samples is another area that is suitable for cooperation. 

Though there are still a lot of barriers, cooperation on technologies and infrastructures should 

always be encouraged and efforts should be made to eliminate all the barriers so that all the 

activities driving planetary exploration could be fully international at the 2061 horizon.  

The examples of previous or on-going international collaborations on planetary missions 

presented in this chapter, as well as the contributions from several space agencies (section 7.4), 

show the diversity of practical modes of collaborations. They include, in approximate order of 

complexity and integration: 
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• Delivery of instruments by one agency to be flown on another agency’s space mission (a 

practice found in nearly all space agency programs); 

• Infrastructure support to an agency’s mission by another one, such as the support 

provided by NASA or ESA to many planetary missions via their deep space tracking 

stations; 

• Multi-platform missions in which different agencies provide the different platforms under a 

single agency’s leadership: examples are the NASA-ESA-ASI Cassini-Huygens mission 

(Figure 7.3) or the ESA-JAXA Bepi-Colombo mission; 

• Integrated missions in which a small platform (such as the Philae lander developed by 

several European space agencies under DLR leadership) or an entire space station (the 

ISS, Figure 7.1, or the future Lunar Gateway, Figure 7.5) are jointly developed by different 

agencies; 

• Inter-agency cooperation working groups which provide a forum for exchanges of contents 

and for the definition of more specific collaborations in a given domain or to serve a specific 

objective. These important working groups sometimes coordinate operational aspects, 

facilitate cooperation between missions on scientific analysis, and/or produce roadmaps, 

such as the Global Exploration Roadmap illustrated in Figure 7.5; and 

• Integrated multi-mission programs in which several missions are jointly designed and 

implemented to achieve a common objective: a key example is the Mars Sample Return 

Campaign illustrated in Figure 7.2. 

As many of these cooperation schemes have proven successful in the past, their success stories 

and return from experience can inspire future new cooperative ventures, particularly in the 

Horizon 2061 perspective.  

7.5.2 Objectives of international cooperation on future planetary missions 

Many of the notional missions identified in Chapter 4 for the 2040–2061 period (see Table 4.6) 

will greatly benefit from international collaborations. For the most ambitious of the missions, 

international collaboration may be the most promising way forward. Table 7.1 summarizes for 

each of the Solar System destinations discussed in this book (left-hand-side column) the scientific 

benefits expected from international collaboration (central column), and the most promising 

modes of foreseen cooperation (right-hand-side column).  
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Table 7.1: Scientific opportunities and benefits for planetary exploration by destination. 

Table 7.1 illustrates the unique enabling power of international collaboration and shows that there 

is not just one particular mode for successful collaboration, but the full panoply of cooperation 

modes which can be used fruitfully to achieve the science goals of Horizon 2061 at the different 

destinations. 

1) Lunar exploration. The Moon has recently become a hotspot for space exploration. In 2016, 

ESA proposed the Moon Village concept as part of “Space 4.0,” and the Moon Village 

Association is acting as a non-governmental organization fostering international 

cooperation to develop it. In 2019, NASA initiated the Artemis program which aims to land 

the first woman and the next man on the Moon by 2024. Roscosmos is consistently 

implementing its Luna missions. China has been envisioning the International Lunar 

Research Station (ILRS) since CNSA officially started the Chang’e-4 mission in 2016, 

which landed on the far side of the Moon for the first time in the history of humankind. The 

ILRS is intended to be a lunar infrastructure at the lunar south pole to support research 

needs of international lunar exploration communities. CNSA is actively coordinating with 

ESA and Roscosmos.  

Proposed by different nations, the programs have competing goals. Substantial work 

should be done to streamline efforts of the major space powers into a coordinated scientific 

framework so that the precious resources of humankind devoted to lunar exploration can 

be utilized most efficiently. The scientific benefits one can expect from well-executed, 

science-driven cooperation are outstanding. Such cooperation will make it possible to 

sample the diversity of lunar terrains, to understand the Moon’s origin, formation and 
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geological history, to deploy a global seismic network to refine the Moon’s internal 

structure and monitor its seismic activity, and to perform a comprehensive inventory of its 

resources. Finally, the cooperative infrastructures deployed for human exploration will also 

lower the costs of access to the Moon, its orbit, and long-duration human visits to the 

future lunar bases, with major benefits for science.  

2) Terrestrial planet exploration. Mars is the most promising planet in the solar system that 

may harbor life. So, it is the next hotspot of planetary exploration with NASA, ESA, CNSA, 

Roscosmos, JAXA, ISRO and UAE all planning and executing Mars missions. The goal of 

returning a sample from Mars to the Earth is planned to be achieved around 2030 thanks 

to a broad cooperation plan (Figure 7.2). Furthermore, all the scientific benefits of 

international cooperation listed for the Moon case are equally relevant for Mars. For Venus, 

the extreme complexity, but unique value of a sample return mission also strongly calls 

for an international mission. In this important area of terrestrial planets exploration, long-

term, science-driven visions will be helpful in guiding the plans of various space agencies 

and companies. 

3) Giant planet systems. The diversity of objects and architectures found at the four giant 

planets can be better addressed by an international coordination of missions flying to the 

different systems. Among the four, Uranus and Neptune systems are still today “terra 

incognita,” and these two ice giant systems are different enough that long-duration 

missions, combining, if possible, an orbiter and an atmospheric entry probe, are needed 

for each planet. The complexity and cost of the multi-platform missions that will be needed 

for the in-situ exploration of their atmospheres, and for the search for life at the surface of 

their ocean moons, will be greatly facilitated with well-designed cooperative missions 

involving different agencies. Taken as a whole, the future scientific exploration of the giant 

planet systems would greatly benefit from coordinated plans to share efforts and focus on 

the most scientifically important objectives. Setting up an “international giant planets 

exploration working group” is the first logical step forward towards the design of such a 

plan.  

4) Small bodies. Small bodies are also popular targets of major space powers. More and 

more close approaches of Near-Earth objects (NEOs) have been accomplished in recent 

years. People are increasingly aware of the dangers posed by NEOs. Global calls for 

actions are more often heard around the world. Early warning of threats posed by NEOs, 

and defense against those threats, should be international efforts because the 

consequences of collisions are global. Besides, space resource exploration and utilization 

have spurred enthusiasm of both governments and the private sector. The Asteroid Impact 

and Deflection Assessment (AIDA) program, which comprises Double Asteroid 

Redirection Test (DART) by NASA and Hera by ESA, has already entered implementation 

phase. JAXA has already successfully carried out 2 asteroid missions, Hayabusa and 

Hayabusa2, and follow-on missions are already underway. CNSA is about to approve its 

first mission for the study of small bodies whose launch is planned around 2024. However, 

the many missions and concepts proposed by various entities are far from being 

coordinated. Further cooperation efforts should be made in this area, with important 

scientific benefits (see Table 7.1). Coordination of international initiatives to the small 

bodies is the only practical way to ensure a proper sampling of the diverse classes and 
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reservoirs of small bodies, from asteroids to comets and TNOs. Implementation of the 

future ambitious missions needed to orbit TNOs, or to return cryogenic samples from 

distant cold bodies, will be facilitated by multi-agency mission architectures.  

5) Heliopause and interstellar medium. The Voyager probes have paved the way to 

humankind’s first steps into this “new frontier” of planetary exploration represented by the 

heliosphere boundaries and the surrounding Very Local Interstellar Medium (VLISM). As 

of today, the 3-D geometry of the heliosphere, our Solar System’s shelter in the Galaxy, 

remains poorly constrained, as well as the heterogeneity of the interstellar clouds 

surrounding it, which we can only estimate indirectly from their effects on the light coming 

from nearby stars. The only practical way to explore their geometry and physical nature is 

to send several probes flying towards different destinations to explore them. International 

coordination is the most promising way of achieving this ambitious objective.  

6) Exoplanets and their systems. Finally, the rapidly expanding field of exoplanet research is 

driven by at least two major trends. First, the need to sample the different groups of 

exoplanets in the parameter space of mass, radius and stellar distance can be satisfied 

more effectively via a coordination of exoplanet detection and characterization missions 

using the diversity of techniques available today. Second, the giant space telescopes 

needed to detect biosignatures in the atmospheres of candidate habitable planets are 

world-class infrastructures which may be beyond the reach of a single space agency, just 

like giant elementary particle accelerators have become today. The design of an ambitious, 

world-class space telescope combining the high spatial and spectral resolutions needed 

will greatly benefit from an international collaboration framework.  

7.5.3 Benefits of International Cooperation 

The humankind’s unremitting endeavour in planetary exploration, which shall be carried out for 

the benefit and in the interests of all countries, is a forward-looking and challenging process. 

International cooperation is an important enabling power of planetary missions, which represent 

the primary means to push the boundaries of humankind’s knowledge on the solar system. 

International cooperation can make long-term visions, such as the Horizon 2061 foresight, come 

true. Realization of the diverse and challenging set of missions envisioned in Pillar 2 to address 

our major questions about the fate of planetary systems needs vast amount of resources, which 

include, among others, technologies, infrastructures, financial and human resources. No single 

space agency or nation has the ability to provide all the resources needed. Even if one single 

agency or nation had the ability, it would not be feasible for the agency or nation to invest so many 

resources to implement all these missions. Only by pooling together resources of all countries 

can these missions be made possible by 2061. 

International cooperation can enable best use of limited resources available for planetary 

exploration missions. Duplication could be avoided through international coordination. By feeding 

contributions of all countries into a single planetary exploration plan, missions could be arranged 

in a manner to enable optimization of each one’s achievements and thus maximize the overall 

outputs of planetary exploration in a long timeline.  
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International cooperation is an enabler of sustainable development of planetary exploration. 

Planetary exploration can be carried out in a coordinated way through international cooperation, 

which would be based on generally recognized rules including, inter alia, the principles enshrined 

in the outer space treaties. These rules will certainly enable global partnerships and enhance the 

peaceful uses of outer space, which can contribute to sustainable development of planetary 

exploration. International cooperation is also an essential way for transparency and confidence 

building, which would in return enhance cooperation among nations.  

International cooperation can enable capacity building and awareness-raising of planetary 

exploration in countries around the world, in particular developing countries. Open and inclusive 

international cooperation will enable emerging and developing countries to get access to 

opportunities that otherwise wouldn’t be available for them, such as in-orbit demonstration of 

instruments, scientific analysis of lunar or Martian samples and so on. These opportunities will 

certainly enhance space capacity building and make people in the countries more aware of 

benefits of planetary exploration. That will eventually enhance the capacity of the humankind as 

a whole in planetary exploration and thus enable more future missions.  
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