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FOREWORD

Jointly organized by the National Space Science Center (NSSC) and the 

International Space Science Institute-Beijing (ISSI-BJ), the "2nd Strategic Forum 

on Space Science" held in Huairou, Beijing, was dedicated to the discussion on 

the frontiers and opportunities in the field of space science. The two-day forum 

involved prominent scientists in open discussions encompassing a wide variety of 

space science disciplines, i.e. space astronomy, solar physics, space physics, space 

earth science, and planetary science. Not only were important scientific frontiers for 

space science analyzed and key questions identified, future space science missions 

and their planning were also taken into consideration in order to give exhaustive 

answers to these questions. 

As a new player in the field of space science, since 2011 China is increasingly making 

efforts to improve its contributions in this area with several science missions, such as 

DAMPE or QUESS, which were successfully launched and are now still in operation. 

Several other missions — such as the Einstein Probe, ASO-S, and SMILE — are 

currently under development and will be carried out in the near future. However, the 

identification of the next steps in the Chinese space science program is still an open 

question that needs to be carefully thought through in the immediate future.

Maurizio Falanga, 

Executive Director 

ISSI-BJ

FRONT COVER

Image Credits: Pixabay

Wang Chi

Director General 

NSSC



太 空 | T A I K O N G            3

1. INTRODUCTION

The 2nd Strategic Forum on “Frontiers and 

Opportunities of Space Science” took place 

on September 4-5 at the Swan Lakeview Hotel 

in Huairou, Beijing.  The previous forum held 

in 2017 was devoted to the governance issues 

of a long-term space science program in China 

and the experience of running space science 

programs at international level, with the goal of 

identifying the most important challenges for 

the development of the selected projects. The 

rationale behind the topic of the 2nd forum is 

the identification of frontiers and opportunities 

in space science for the coming decade in 

light of what is being done by different space 

agencies around the world. In other words, 

what are the fundamental questions of science 

today and how can space help us answer them? 

We are looking for the next frontiers in space 

science. All around the world, space agencies 

are seeking the great questions of the scientific 

community to be addressed from space. The 

questions are, of course, of global relevance 

and therefore, they should be the response 

of different space science programs. For 

these common goals, we will have to explore 

various options for cooperation, may it mean 

that we will need to  lead some or contribute 

significantly to others. China's space science 

program is currently in the important phase of 

identifying new projects to be carried out and it 

is essential to consider the global perspective 

and to find opportunities for breakthroughs as 

well as international cooperation in order to 

achieve scientific excellence.

Naturally, predicting the future is a very difficult 

task and the simple extrapolation of what has 

been the development of space sciences in the 

last years may not work. We should be open 

to creativity of scientists and engineers and 

promote it by helping our agencies embark 

on joint studies addressing the most exciting 

endeavors. Furthermore, it is necessary to be 

always aware that what seems important now 

may not be as relevant in 10 years. Therefore, 

discussions have to be conducted by keeping 

an open mind, global perspective, and intuition.

At the forum, hosted by the National Space 

Science Center of the Chinese Academy of 

Sciences (NSSC, CAS) and the International 

Space Science Institute-Beijing (ISSI-BJ), 20 

international experts met together with 15 

Chinese scientists in order to discuss new 

developments and identify the key questions 

that need to be addressed in the near future. 

During the first session, C. Hartman presented 

the role of the National Academy of Sciences 

in the US space science planning, followed 

by the presentations of the current space 

science program and future plans of ESA (by G. 

Hasinger), JAXA (by M. Fujimoto), Russia (by L. 

Zelenyi), and China (by C. Wang). The discussion 

about 'Frontiers and Challenges' inaugurated 

the second session with presentations in 

specific scientific domains. 

'Space Astronomy and Fundamental Physics' 

was the subject of the first set of discussions, 

featuring a keynote talk by Ch. Kouvelotou 

and a couple of brief reports by Shuangnan 
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Zhang and Xuelei Chen. The second thematic 

approached was 'Solar and Space Physics', 

which included two separate keynote talks 

by S. Solanki and R. Nakamura respectively. 

Additional brief lectures by L. Zelenyi, Qiuggang 

Zong, and Weiqun Gan made it possible to 

complement the current perspective on the 

topics. Finally, the field of 'Exoplanets' was 

addressed by a keynote speech given by W. 

Benz, and followed by a lively discussion and 

short presentations by I. Ribas, Pete Worden, 

and Jianghui Ji.

The macro-field of 'Planetary Science' opened 

the second day. The keynote speech was given 

by T. Spohn, while Yongliao Zou contributed 

as the rapporteur, driving the discussion on 

planned projects and the future of planetary 

exploration. Thematic discussions came 

to an end as the domain of 'Earth Space 

Sciences' was addressed primarily by J. Dozier 

and complemented by the presentations 

of Xialong Dong, Y. Kerr, and J. Shi.  The 

session was concluded with a presentation on 

international cooperation given by R. Bonnet, 

which also included suggestions on the overall 

improvement of space science research. 

In the second part of the second day, the 

debates on each one of the five domains 

were summarized by the corresponding 

keynote speakers and reporters, and further 

complemented by the contributions and 

suggestions of several participants. This 

summary session was used to identify the five- 

six key scientific questions that need to be 

addressed in the coming years and/or decades 

by the international scientific community. They 

represent the reference point for potential new 

missions as well as international cooperation 

endeavors. The key challenges that were 

identified are introduced in the following 

section. 

As the meeting was approaching its end, 

two additional presentations were given in 

regard to the process of program planning 

and mission selection at ESA  — by F. Favata 

— and in Russia — by A. Petrukovich  — thus 

providing an additional perspective that could 

enable the scientific community to develop the 

tools needed to address the most compelling 

questions.    

The results of the presentations and discussions 

held during the forum made possible the 

identification of some key questions and 

challenges in each one of the relevant domains 

of space science: Astronomy and Fundamental 

Physics, Solar and Plasma Physics, Exoplanets, 

Planetary Science, and Earth Science.

A full description of the key questions can 

be accessed on the ISSI-BJ Forum webpage, 

where all presentations and a summary of 

each research area are also are available. The 

rationale behind these recommendations is 

to be found in the actual presentations of 

the keynote speakers and the rapporteurs as 

described in the agenda.

In the following chapter the main points 

corresponding to the key issues identified are 

outlined.
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2. ASTRONOMY AND FUNDAMENTAL PHYSICS 

• Probe the Physics during the inflation 

epoch after the Big Bang: Find and map the 

observational signatures of the quantum 

fluctuations (space-time ripples) and their 

consequences.

• Trace the cosmic evolution of the 

coupled dark matter-baryon fluid: From the 

initial seeds (quantum fluctuations) through 

first light to the present-day structures.  

Understand: Galaxy formation and evolution; 

supermassive black hole (SMBH) evolution and 

the interplay with their hosts; the process of 

star formation; galactic and cosmic chemical 

evolution; the Warm Hot Intergalactic Medium 

(WHIM).

• Map Black Holes of all sizes across 

space and time. Solve the mystery of the 

unexpectedly early emergence of SMBHs, 

search for evaporating primordial mini black 

holes and find the elusive intermediate mass 

black holes. Understand accretion, jet, and 

feedback physics in galactic and extragalactic 

sources.

• Chart the origin of  the elements: From 

Big Bang nucleosynthesis to extreme, dynamic 

cauldrons, such as binary neutron star mergers 

and supernova explosions.

• Utilize observations of extreme 

environments to understand the equation of 

the state of super-dense nuclear matter, the 

production of the highest energy particles in 

the cosmos, and the behaviour of astrophysical 

plasmas in the presence of ultra-high magnetic 

fields.

Figure 1: Warm Hot Intergalactic Medium 

(WHIM) - Source: Princeton University

Figure 2: First direct image of a Super Massive 

Black Hole (SMBH) located in the galactic core of 

Messier 87 - Source: Event Horizon Telescope (EHT)
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3. SOLAR AND PLASMA PHYSICS

• Work out energy transport through 

solar atmosphere, flux emergence, and 

disappearance: Small-scale structure 

throughout solar atmosphere (High resolution 

solar mission)

• Pin down coronal heating process 

and Coronal Mass Ejection (CME) initiation: 

Unknown magnetic field of corona (Solar 

coronal polarimetry mission)

• Understand the solar dynamo: 

Unknown subsurface layers of poles (solar 

polar mission)

• Investigate the interaction of plasma 

with fields and how they are heated and 

accelerated in space (dedicated high-resolution 

plasma/fields measurements onboard multi-

point, multi-scale formation of spacecraft in 

near-Earth space)

• Identify the structure of plasma 

environments around different planets/objects 

throughout the solar system and beyond 

(planet, comets, asteroids, interstellar media…).

Research plasma/field measurements as well as 

dust in the targeting system

• Inquire about the mode of propagation 

of the local energy conversion processes 

throughout Geospace and understand how 

how to apply this knowledge to improve 

characterization/model capability of space 

weather effects (increase predictability of space 

weather with missions to L1, L2, L5, geospace).

Figure 3: Magnetosphere as the heating site of plasma originating from the ionosphere and the solar 

wind - Source: NASA
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4. EXOPLANETS 

• Understand the processes by which 

planets and planetary systems form and evolve 

and explain the diversity of planetary system 

architectures, planetary compositions, and 

planetary environments produced by these 

processes

• Address the spectroscopic 

characterization of atmospheric structure for a 

broad range of planets, including those in the 

habitable zone

• Define observable signatures (mostly 

spectroscopic) of habitability over a range of 

stellar types

• Identify signatures of life that can be 

remotely detected and ensure they can be 

distinguished from those originating from non-

biological processes

• Look for signatures of life among the 

largest possible sample of best candidate 

planets

• Since some essential elements 

necessary for meeting the above challenges are 

missing, major efforts in terms of technology 

or model developments, observations, and 

financial investments are required.

Figure 4: Doppler detection of planetary systems  - Source: TMT International Observatory
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Figure 5: Boundaries of the Habitable Zone for our Sun throughout its evolution  - Source: Kaltenegger, 

Lisa. "How to Characterize Habitable Worlds and Signs of Life." Annual Review of Astronomy and 

Astrophysics 55 (2017): 433–85.
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5. PLANETARY SCIENCE

• Carry out the census of Solar System 

Objects: Outline missions to those white spots 

(as yet) of exploration (ice giants, Kuiper belt 

objects…), and missions to investigate objects 

of special interest (Enceladus, Europa, Titan, 

Galilean satellites, Triton, Pluto…) 

• Work on the origin of the Solar System: 

Explore — including sample return — the 

widest variety of “primitive” bodies (comet 

nuclei, asteroids, KBOs…)

• Research the Earth and its 

neighbouring “Earth-like” worlds. Planetary 

evolution and Life: Explore in situ Venus, Mars, 

and Moon using geoscience tools (geophysics, 

geochemistry, geology) and sample return, 

leading to interior models and evolution. In 

addition, explore Near-Earth Objects (NEO) for 

mitigation purposes

• Exoplanets (complementing the 

preivous point ): What planetary systems are 

out there? And can exoplanets observation be 

used to generalize the concept of planetary 

bodies?

Figure 6: Comparison of our solar system with other planetary systems  - Source: German Aerospace 

Center
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6. EARTH SCIENCES (AND APPLICATIONS)

• Science and management of water 

are central to adapting to changes in climate. 

Abundance of water distinguishes Earth 

from other planets and water participates 

in most biochemical reactions. Interannual 

and regional variability of water and future 

trends drive motivation for adaptation and 

mitigation; improved observations and models 

would reduce uncertainty about rain, snow, 

evapotranspiration, and ground water 

• Sustaining advances in science must 

move along with new space missions to enjoy 

the benefits of new observations. In this regard, 

international collaboration is encouraged, but 

international coordination and cooperation 

should be prioritized

• Applications are essential to Earth 

Science as operational needs represent the 

driving force for many kinds of observations

• Patience is required. It must be taken 

into account that an initial improvement 

in understanding the issues also leads to 

increased uncertainty (“We are most certain 

when we are ignorant; with knowledge comes 

doubt" J.W. von Goethe).

Figure 7: Earth's freshwater landscape, including stores, transformations, and fluxes - Source: Dozier, Jeff 

et al.. Living in the water environment: The WATERS network science plan. National Science Foundation, 

2019.
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7. CONCLUSIONS

The forum resulted in the participants' 

enrichment with fruitful, open discussions 

and improved potential for cooperation at all 

levels. Additionally, all participants agreed that 

further discussions and brainstorming should 

be warmly encouraged as it would be well-

received and needed.

Furthermore, some research areas require 

improvements in terms of sensitivity, collecting 

power, spatial or spectral resolution. For these 

discoveries, exploring the unknown and digging 

into what earlier was just noise will require large 

facilities which should be accessible to many 

scientific communities. It comes without saying 

that the preliminary requirement for these 

facilities to be implemented is international 

cooperation; nonetheless, complementary 

efforts are encouraged to achieve optimal 

results. With the expression 'complementary 

efforts' we aim to define large observatories 

with increased throughput or comprehensive 

laboratories to analyze specific in situ key 

objects in our solar system.

However, there are also unknown possibilities 

for discovery that may elicit a much riskier 

approach, such as employing totally new 

technologies, opening new doors to study 

our universe, or bringing new worlds within 

our reach. These may require the preliminary 

development of less costly pathfinder missions. 

As a result, international cooperation will play an 

essential role in establishing and implementing 

joint road-maps.

The full agenda of the Forum as well as the 

links to all the presentations are available on 

ISSI-BJ Forum webpage at www.issibj.ac.cn
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