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Abstract Open science has emerged as a new wave of global consensus, with major
scientific and technological powers actively formulating policies and implementing
practical initiatives to advance open science. The field of space science is currently
at a critical juncture of research paradigm transformation, where the development of
open science is expected to inject renewed vitality into innovative activities. This
paper presents a comprehensive investigation and systematic review of global open
science actions in the space sciences over the past decade. It focuses on the open
science initiatives led by government agencies of major spacefaring nations,
particularly the United States (NASA), Canada (CSA), and Europe (ESA and
national agencies), as well as those launched by academic publishing entities and
research communities in the field, including AGU, Springer Nature, and Elsevier.
Key strategic elements, policy frameworks, infrastructure development, and
ecosystem-building efforts are analyzed in depth.The study reveals that while the
United States and Canada have adopted top-down, policy-driven approaches with
comprehensive action plans, European countries have taken relatively conservative
yet progressively evolving paths primarily through pilot demonstrations. In contrast,
other regions, including Asia-Pacific, still lack systematic national-level open
science strategies for space sciences and remain largely at the stage of project-level
experimental practices. Quantitative analysis of open access publications from 2014
to 2023 shows a remarkable surge in OA papers in space sciences, which reflecting
the accelerating momentum of open science adoption. Taking the Chinese National
Space Science Data Center (NSSDC) as a representative case, this paper elaborates
on the concrete contributions of scientific data centers as key implementing bodies
in promoting open data sharing, data publishing, open research infrastructure
development, and collaborative partnerships with academic publishers. By
comparing China's current progress with global developments and analyzing the
mutually reinforcing relationship between open science and emerging research
paradigms, particularly in the context of data-intensive science and Al-driven
discovery, this paper identifies critical challenges including balancing openness with
national security imperatives, addressing data governance and valuation issues, and
fostering broader stakeholder engagement. Finally, the paper proposes several
recommendations for scientific data centers to further advance open science actions,
aiming to provide more open, collaborative, and innovative support and services for
the future development of space sciences.

Key words open science; space science; data publication; research paradigm; open

research infrastructure; open innovation ecosystem

0. 5l

TPk B B 16 AT IR, 4 THM LB KR S LR R . BIRK
TIFRFARE L Wil BR S RERAE, AFEBTTTEA AR, EJFBEART IR



Bl KRERAR QP MARAE R, ©2 2] iz A n]t, Burgelman J-C %6 A\
FKEW, TR A B SGINBL AL TR  TIRh R A R T S M f R PR bk >
BEMETAE. ABCRMOHEE L mA. 2021 45 11 A, BA EZEECA 2 193 A% 7 E
e 7 TR AR BLAER R RINT, Re PRk SOy — MR &Mz s s
BT R AL AR SRR, B ARSI B W] A TS SRBON H S48 F 2 301 5 IR E R,
N T BRI R G S RS VEAME BALE, IR AL gkt Ft LM AL AT N TT T80k
FHURPANE . PP AR RS . PR R AN, AREE TRk e k3L
PARHTRE . fR4E BB T) 48 i SO S5ATsh U8, R ) F EE e
FEFF OB R T8O « R ICECE BEUE RO A A A DL R R IRORE 2 JE A it , T
BHEEATENINZ 5800 REFA R NRRE R BHGEEN . BRREdE O R BRI 5
ANFER AR DL R 2 AN Ay PSR . ARz R R AHOC T, I HIFsoR
ITENERE BTN A AN RMAS, BREEBEEME. B0 A4 5975 408
WEEEEFEZ T PR EMEA D BGERE, 2% HILE) “FFIBERL” (Open Access,
OA) il Bk X ¥ TR 24 i CRI AR &8 Bl = A2 1) B 24 il 5RO B, T FFJR ”(Open Source,
BTFBOEARRS D & TF i i i £ A2 — .

TSR 5 [ O RESE BE 52 R T TSOR A R BOR 5478t R, 2022 48, REA
EURHBBUR IR A % R AT OB T TEORE 2 BUR4E Fa ), BRI U 5% B AIE 78 i A2 1) HA R
FMESCHERAESIRITIG I BAR ALY FBRE] . BB E 2013 TR AT I IR AR R
Hutge, #ECHE €2020-2024 FHEF SRS O5oR, TFBORHE OO KGR 2 R BUR
SCEERARSEEIT, i “Hi~FZE 2020 TR PR SETFBORFAAOC HbR . INEE KBURF A TT 7K
W TTIBORHE NN ES = AR U B AT it 2020 4F 03 KR 5 TR i) /5 2 % IR UK
i (FFBCRHFRR 2D U, $2H T E = A SRS AT R, IR 7 DOTBUR &1 SR
FERH SR . 2021 4, vEENE 7GR B BE F IR R B, RS BT
R RIR A B, BIERER TR AR RRCEE « IR AR RN TR A SO R
INREEE ST W RIS, 2R TS R [ ARG T TBORE S 07 75 1 H 28 =ikl

PHE PR FE L RIARNRAE 38 S . 2021 FETH (P E N RILFE R4
RHEAVE) B H 2 “HEN IR R R 10, B 2012 4R EIES: 2 /i v B FEGR
#E/rJi (China OA WEEKD) &z, HISTFHGREL. JFBOnR . TP . Bealiiit . s
ARG E AT ARIR D, HESFRE RS ORGSR H AR A SO 5 S 28 i 2021
, ERER AR RS IR E S KRR E R, RS RS E AR A BRI
TR BRSO 2 (B ) B EL . 2022 4, HEBRAEOR 222 KBRS F AR . B
s BHEEIEHIA . B AN RSS2 R AL, AL T PR AR B A, An b TR E
Bl Gt R IEAEAR RN 2 BRI TR 24T 3 -

TR U ATRATER S, WREFHTEANE., R EasEEH RIS
X HVE AR R T R T 9 (1) R 012), 2 A 5 5im ] vg 58 B A0 I 5 A SR 1) B S 2R HEBh S
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2 () L 24 R B0 T T IBORFA AR G AT B S5 TE RIS AR SO BB SR, sk
SUFRHLEFTRERE o AR+ ARk S A BH A SUSOT OB 44T s I BT R GE R iR, 26
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1. 57 F T =858 EBUF YA £ SRR F1T3

1.1 E£EFHi/H (National Aeronautics and Space Administration, NASA) FFiEtEI2£4T
3

20234 1 H, EE ARG NASA FEAR 10 NN BId 85 TR 2 H Al ZH 21
TERERHE, K 2023 4 8 AFF IR AENST, NASA AR R JERORHE A AT, KA (FFUR
BH2E1B1L) (Open-Scource Science Initiative, OSSI) 14, #id — R 4EEVEFITFRUR 4T 3 I
H, (EBEA SRR E R TR B R DL “TRER:” 194 SR I, B H RS JkfT
ANE, IEXTN T IFTBORE ) S bR A I o

D) FABAERTTTE . OSSI PUBIER 4t X ) (0 25 P IR O S A e By Ty ],
EFF IR 25 (Transform to Open Science, TOPS) LAt X HhififT5%, FAILHIUTF 7
FICCHE, WA X R, A SUOES) . AL IRTE, BE IS — R VIR 0R 40
YO HAEANE D), AL R 2 5T OR 7 52 B, 51 R0 AR IR TR R & 22023
fE, NASA KAT “IFREl 1017 (Open Science 101) #RAE, 78 # P HOBIA N TR
FLHESEUE TR PR, ATTERETATTH, IR R AR AR
O B VR ) R R A BRI AT R L RN TR AT OB A SR e

2) BURHIE ST - H1E 2019 4, NASA FH#41:45 5 (Science Mission Directorate, SMD)
FURIERL AL R UUR AN T €2019-2024 Hdfa & #E 5 1H R AR AR R A ARg ) 151, $2i T
TR EE S5 RS A B R R AR 3R S R ORL 1 3 DR EREE H AR AN 11 TR . B
% OSSI s,  NASA T 2023 SEHF KA I (SPD-41a: SMD Fl4{5 BEGR) U], i#E—
AU T NASA TEIIRFAE SN AR R BE . SRS B T i =
Ko fE SPD-4la 85, NASA HIRIH:. AV SWEY . Ik KAYEATER
55 SMD 1 TR H RN AR . E B KA BER AT 7R e .

3) FREIESTE . NASA BHfh T R3C ATEFRME . RFIPEL., k) B 45 22 R S m)
TRV, R TR — R (NASA Science Data Portal) !, 3 17 1H] 1] K 3L
LAY WY HEREE . RV, ATEREE. St A, ARERY EEAR R
TR BRI R, MR R R N BRI ST AN TFREER, IR
— SR AR B AR (R s H AN T bk

4) FFRFREUATH » NASA $1i& T NASA Science Explorer 07K H1E 3, T MK L2

! https://science.data.nasa.gov/

2 NASA AAF}EITH (Citizen Science Projects) &R FKAENMEB I AR MPEIETNH, @idix
A e, —HAREERE CAME TR T HEZENRER I . NASA A REBFAIUH Vi e 7
https://science.nasa.gov/citizen-science/

° https://scixplorer.org/
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5) FERERE R HE T TH - NASA JE i T Bl 2% K % % 51 % (Science Discovery Engine) 4,
T g — KR T AR ER RS AV S tERR . RIAY BT 2R 7
EANFFRREE R, RN RERRKER RSN, ICAFAH RSO 50, B, &
B AL A T TR, JESCRF 2 R R SRR R

6) fEBIERSIHE. OSSI ZF % OFHE MRS 1H%] (Core Data and
Computing Services Program, CDCSP), ¥ NASA Fif5 SMD 5 7081 ik 55 6E J1 5 5 2
BYU e, DL SR RE 7y, BETH SMD #B1 ] E 2 A H X el 5 IR %5

7> NTEBREARMER A AT E. tHirE SMD Mt HH # AL L 5HK T
SMD Al TAEZH, DUFIFH RS A TR INIE NASA B2 AL BOR K BN B AR,
THRE T — RIRE S5, APt 7 il Bam A S B AR REZE 18], o) 5 HES) 259
BRI ST T s3] ALMETER], TTRATEHRRSEHF, IS T 257 NASA
BB SR TARAL, BREAFRIEHE S A W ey 2 BH2 M 74 /7 R 5.

1.2 & KHRF (Canadian Space Agency, CSA) FFRRIZ£4TEh

INERMEREEER GPIRHEATIIR L) VBH#iEH, 3 CSA £ BTBUN %
AR NLAE 2021 4F 6 H ZRIfhlE 5B 1 TP SOREAAT 3t ). 2021 4, CSA kA T

(2021-2024 FFEFHEATEN LRI U7, $2H CSA FRUR 3 RGBA, B 75— RPNt
R 3 RSB TGRS Z AR BRI A KR TT 2 51 3 KATB)J7 M H 11 BT
B STt SR

D) TSR . CSA SIHE G L& AF, HEH T CSA JFCEEE 1) M (Open
data and information Portal) 3, &Af | CSA BT BIIF) 2 TR AR AE 55 B AR 72 i B . RS
R E P 1 FAIR JE 08T, BIA7 & B (Findable). W] ¥jjin] (Accessible). 1] H #{E

(Interoperable) F1 1] H F} (Reusable) {E A H AT 3, X HEHE 75 7= 21715 &, i€ SLhE FAIR
S DU PR I T T2 BAH 9% TR o DA im0 1 A0t 8 B A, IR S [ B B 2
2o EPXTHERWLIN (Barth observation, EO) Hdf - HGE [ 52 ) B AH VR BN 20 3 )
5 H A 17 ANERFRET I A AR L B R BRI, g — AR T TR

2) FBEREUSH . I AL CSA M BERBCIRA A BT B H ARV F 2 . 3 7 A i)
LBl W) B TR, AT TR ISR B i ) 3 FH T LA S it 2 v A 2 X R}
PS5, SR BUNR 5B R i) AT SR B, R R A6t H VT 1]

3) FFAERHTE. CSA SRl FZS S, EiEHMeH AR, itk
FHCRBGERE BAEE. AN, HEUH BRI AR (R SUSAH G TE S, SRR, BE T —
REFREF IO RS XN, Sl RN METT 20, B 3R TR #8510, $7k
MESAHR T EETE T2, R EWIRIT IR EIE AR & ST .

1.3 BRMFiR/F (European Space Agency, ESA) FFRI2£4TEh

BKHR €2020-2024 F0ET S AIHTRES) %O F -z ——— “BRMECFARKR” B 11
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BepAERE 23 TRIR 2R b 3RO A 2 R b~ B2 SR SRR B ST 2 — . H 2017
fEiES, BSA i8It S ESA SPACE4.0 #L Kl PA J 5 WR i FF 7 £ 2 2= ( European Open Science
Cloud, EOSC) S&1E, HEZNEHE 5 B ml et ity 2k — 28 TF .

1) BUEHIAE. 2017 4F, ESA KA (Hi 515 B BRI ECGE) 19, EXE
A R BRAURD — 7€ Y0 [ %) B4t SR FH T 800 Tl B3R .

2) MBI A E. ESA fEHL ¥ Open Access & "RAAITERI. K.
27 1) 3R OR} 2 4 22 S B AU ) R S A A o BE R R SO, ESA ST [T ORH:
KRBT ESASkyS, {ENRICAEAER R ERA R m, R4 50 HKEE. 30
FAAEFEL 10 124 B FUER R 5 IF ORI B0k 2% (A b BRBL 27 48, ESA A A
T EO JFRF A H 0 A5 T — RHIATF AT F B HBBRBE 77 i o B8 8 A0 55 5 H 5%
BSR4, ESA i A% 1H &I (Climate Change Initiative, CCD) #1371 FF
AR 1T 10,

3) FRERE T . ESAEO M5 EOSC & 1E, 11 i v Hh 3R OUL M H 4 47 i Al
THE BRI B EOSC-Hub20, sEIiAE KA Pk X 2 18] i B 3L == . iF R 5 17 %

4) FHBAERTIE . ESA EO H 2015 45 2 A EO TR & M & HiTa
FGFF T B AR A . s % LR S (data-intensive science) A ARFFEE L B —1L EO
A R 27 28 20F 55 77 T BUH

1.4 BRI HAR B R BUFHLAETTECRH 2473l

NEANIAS (Novel EOSC Services for Emerging Atmosphere, Underwater & Space Challenges)
& EOSC HRITNHI—NIH, B RS AR N A (A ERRH 4508, WG] A2 BHIFAL X
pr L AMA b N FHIBSURE &5 3 AR L [RIHRE TR R S, O bak =SS0 i) B Rl 2 B U
ARG SR UL E RS, RO BoR#ED . BOEHE AL R AR otk Horbi
) 25 () bR ORL 0, SRR RGE EOSC ERIAT AR TR 5F &k, GFE FAIR #dE
EHATAAL . 2 YET AR RS B BRI PEEE  JE T L% 2J R L b 350 R 45 Ay ke i

1EEf R R (National Centre for Space Studies, CNES) 1E1ES 5 ik EBUM 323k 202310
HiER 2R G0 R 25 240l % ifi——DATA TERRA 1R, Zit- R B SR HERAR. A%
o MRS VB, R S DL I BR A SRR 2 UG RS U ) 22 5 s B LA KA G
at AR SS o 12 M TR VOt 152 DU A58 H I S F——AERIS for Atmosphere. ODATIS for
Ocean. FORM@TER for Solid Earth A1 THEIA for Continental Surfaces, FF 32 £p#di &8
il 5E

1.5 FoAh B 5 X TR 22473

R H AT AT AT B R BORE, M ASE HAh DX 380 2R 3 R TP BRBURTLAG 3 1 AR SRR
[F) R USRI OB BUOR B ER K, FEATHI LA KR U AR RiatEseBon 3. mHA

® https://eosc-portal.eu/

" https://open.esa.int/

® http://sky.esa.int/

° https://opensciencedata.esa.int/

* https://climate.esa.int/en/data/#/dashboard
“ https://www.neanias.eu/
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MK J& (Japan Aerospace Exploration Agency, JAXA) A T NASA 1 ESA £ R A kL
41T H Earth Observing Dashboard i+% 2, Jn5& EO ¥ 70 #r A5 B AL, DUE m o3
A ST HEAER S (5 B P [AlF 75t (National Institute for Space Research, INPE)
J& )] Brazil Data Cube Wi H '3, 47 AL g5 %54 (Analysis-ready data, ARD), WK1t
o6, FIAANTRE AR Lds s > BUR IS 18] 51 7 Aok ab BEAN 234 K& EO #ls4: h
RlEBE T RR R RRFE LR 1 5 (SDGSAT-1) F 2022 4F 9 HJR3) “SDGSAT-1 JF A1t
X7, BEEIRE NSRRI, NE BRI K b [ T R T RREE K R B bt
I VESCBCE E 2030 FUCREAE A DUk, W RHEREE,  HIATRVEPE S 3 B AR
FE A A BB 2 AU, e x B (8] AT AR ROCEZFRHI AR TR IR
BERWNIRE, XS E SN T T H TR s R B e e, sk D ESIE | B
U S TIZ BRI Bt A AR A E IS T AT B

2. FARHRAS TSR EENFFHRBZTR

2.1 ZERREGUEAR S H AR EERE

VERTTIBR B2 S 53 MR AHICTT , AR AR AR AR R R T IR U E
RSEITF ORI Rustt 2 — . FFHGRIC (OA) AIEFE Ay ik ) DL G B SRSk Ad
TS, BEHERE AR, & WL IT ORI RO A 55 6 (T EGREL (Gold OA,
BIe SOR RS SERIFE ST S A TF )L 2RO TFHGREL (Green OA, BIR UK K 5 # e 24 % H
FRIAEAE BN FIR FER TP EGRIO . ZE&TFBERI (Hybrid OA, BT [EI & A OA W
BRUT AT A ES) S,

0 TA) o 2 AU R RER Y RRORH O 1 S AL A 40 58 [ A BR ) B % 25 ( American
Geophysical Union, AGU). Jitid5#kA%- H 48 (Springer Nature). % BLME/R (Elsevier) &, it
ERIEARRAES I N IAT) A0 SCRTFGREL . MR E M &R, #ik 2023 FIK AGU T2
A 12 Met OA T, Springer Nature 7£H KA FIATIFF B IERR) (Open access
policies for journals) H B FFFHGREL, F7E OA TENAIBURSE 7 Rt e 2 & k%S, BRI
T ILA 2 2200 AL GIITIIRHEE & OA B, BAMNEHIA KL 600 A4t OA T 2021
4F, Springer Nature il NEFKEE —FK KR T 100 Jiks & BIFBERBUR G0 78 F4EIA S 1) H
WALR . A4 Elsevier B P15 /& (Open access information for journal authors) '4, HJi T 2800
FIATJL-FERSEEL T OA Hihlt, Hf 700 Z P&t OA AT, 11 2022 FF—F k3K 1L
15 Fiks et OA (&,

BEAE TR AT ANAERE, 1T 10 550K, 3R (AIRF 2 U8R SR AR B AR O AR
€, H OA RSN BT, JFAE 2022 A4 HBLEOE . 2014 422 2023 4, AN
FEAGUS IR 158,775 i, Hrhr OA 30T 28,906 Fei, FT 5 0 #iy 18.21%. Hir OA 16

 https://eodashboard.org/
 http://www.brazildatacube.org/en/about-brazil-data-cube-2/
“ https://www.elsevier.com/zh-cn/researcher/author/open-access
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Fig 2 Top 10 countries (regions) in terms of number of OA papers in space science, 2014, 2023
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SR R A3 R HES) T80 = A7 1)

1) AGU. Stall SPA5E NAIR &R B AGU KB T ISR FER KW, JEA4 T AGU
C&TT R IR ZE W1 5 T E I AR OG5S 770 2014 4F, AGU = 3R A AR A 2 [A) B}
=2 AREPEEC Y (Coalition for Publishing Data in the Earth and Space Sciences, COPDESS),
PREMUEAH IR 2 R RI . . FARAZRIFI AN G, 1 H 7 RT3 g
TETT TR e A S B HAB AN (b3R5 () SR EE R AR W A ) 231, eng 3L R 350 T 8 ¢
ARAES T, FFHES) S AE FAIR 24550 H (Enabling FAIR Data Project) 'S, ¥(Jj 35K
BATIREH R TS FAIR. 2019 4F, AGU 7EH e £ 7.3 75 B 248 S AR 1)
FEBOE B, $ R BAE At s =k O/ o [F 4, AGU 7EH B 7 HE RGBSR S o B A 225K
TR B AT AT AR FE SRR AR 10 ST RIS, K SOORIBRE I A T A7 I I R AT L=

2) Springer Nature. 2016 4F, Springer Nature K& Afi | BHEERBURAREREZRRO), ik
TN A B A B R AR, SURhIE I O P A | AR S E . BRI
Hells /T VRS BI484T8) . 2023 4, Springer Nature T/ | — R IEAHECT, AHE)E5)
PRGBS, B EAETE T 3,500 1) v iR N B v] F I A5 20K, DASR e 25080 11 328 W
B, SEnRREEIdSR A EE . b, R figshare CSEHFBGRELCE 66 4F, T 35 M
55 figshare ¥ & FIFHURIEE BB T X 5

3) Elsevier. 2017 Fit, Elsevier £ HEHR BRI EIL, R4l MR T e G P 4R 44
SITHVT RN, SRR R AR E N B 20 [FAT VP R R AT

WE 6 AH ISR 518 U SE it HERE , STUERHBIE N 52060 T4 B 22 78 AH S8 A7 T80T 3
SONFERASR] T s, ARHE Springer Nature S5 S K AT KT 2023 5B TR ACE IR L4
&) HEER, fEERRTEEUCEIR 6091 A FAE, 89%H 32 Ui # Ron I ATt AT
s, Ho RS BEREENE 52%M2 U5 HIBR SRR 54% 152 Vi # R ik 215
FEA TR B AR,

2.3 ZEFEFETIRALX

ST VR AL DX AT S [F) %8R 5% 1 R #8717 L2 TF IR IR 3 TR AN it
H 15 3 2SI A 1A T E R 221 o U TR AL X L2 SR (T DTk 61 5 ) 2 22
Y&, g VORI RIS, IO SR B S TE A (R A AT
TR AR5 | 3 S0 20 M A B AZ 0 31 R T VR o 225 ) R) 27 AT 52 4% 1) 3t )
FEA SR o A A A I8 I kT R AT B R KBS T X DTSR BN TR R o S AATT T
Y&, —J7HBERESRTT B S FIBAIRENR /), 55— J7 T SCRES B BF AR I 70 203 L BT e 45 R vk
BFPAE R — 501, TR B AH B R SR PR S0 380 T S i gk B 22 [ BA B ik B v 2950 B YR
ST fEF PR E TR A

FEIL LR . BRI R A KGR T, 2 AR B A A SIS T TEOuE Fe 4tk 1 VF 2 AR 75 11
B i TR, Glins G KE 24 LRI E LR B R 70T TR (Polarimetric SAR data
Processing and Education Toolbox, PolSARpro) '7; HF WARZRZSFEAT MG b, Mot
NASA F1 ESA 2473 (BB} 22AE 55 1) JUAT T 55 54 ( Spacecraft Planet Instrument Camera-matrix

15 https://copdess.org/enabling-fair-data-project/
16 https:/figshare.com/
17" https://earth.esa.int/eogateway/tools/polsarpro
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Events, SPICE) '8; F] 82 0K 57 15 (Super Dual Auroral Radar Network, SuperDARN)
BRI T PyDARNY; 23 [RIYEREHE b @RI T A8 4L Y SpacePy?°. {E 15
— PR 40 FRTF R AT 8 RSCE G EE R T A (Image Reduction and Analysis
Facility, IRAF) 2!, JRUERXANRARFF KR CAF 1L T 46850 TAE, HilT IRAF IRZRHY
KUIE%, FTRAE XS T2 430 24 . RS IRAE X S T 75 1 re %
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3. A ZETE TR ERE RO
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BHAWE T R G S A FR A HERAERER R AR S SRS AR 5 AR
TR L RN S 2 FEAR AL IR N REUNAT 3, BEG EE T A 1E B AN R
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FHABOE o SR ORI B A, RO A SR SR T . — 5T, R
SR TP 2 SISO 1) T R A, A T E R R B RS SRR = T A
BHIFI A 2R B sk, MBEETER . B8 . VSRR EEE A X, B —J5m,
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YN, BREEE O R T I B T i R 1) — 28, BT R R B, W SRR
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{BIAETFBRHEAT s RIE B ARAEH 32 212 N F .

PABURF 348 B 23 IR AT LA A, 2023 4F, NASA ST R ITFORl A5 BBk

18 https://naif jpl.nasa.gov/naif
19 https://github.com/SuperDARN/pydarn
20 https://spacepy.github.io
21 https://iraf-community.github.io
22 https://www.astropy.org
23 https://sunpy.org
24 https://casa.nrao.edu
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