N I

2026 F£ £ 71%  F 22 #i: 5225 ~ 5239

ERAARSESER SRS RANE R ERREE

4?(¢Eﬂ%>%ﬁﬁ

SCIENCE CHINA PRESS
CrossMark

& click for updates

2 4R A #L 2R ER L5 S GT

SREFY e BMEY x4

1. 5K ARRRE LS L2 R BT, bt 100085
2. PPERRE R TS Rk PR FE AT, JEART 100029
* AN, E-mail: ztguo@mail.iggcas.ac.cn; yaoyp@nsfc.gov.cn

1 BRACHBERRL Y K et

BRAC bR} 27 2 DA b R 11 [ A R i A B )2 B Ay R 4
RGNS, A H s () AT RN, LA A, 2
W SRS TR, RN HERATE Y RAN . 450
T AT ARSI L], FEIUNHARR AL R A 2R
R, BG4z, Wb iRl . sfsE . ki
HhER P A2 M HAE . RASRME L TERE L RBEH
BRBLE T T BR 51T BB R HERBLA R U AR
B FIHAZ. NS ARERZO g, HHOCHE
AUGEZ R T NS BRI A, i Kb sh T4
SHAFESIRRTE, A THEMEIES, T T AR
T, T TR S X FAR R E I, R T A5 A
SRICRIEME, I BBt 7 EER I, WAk
SCH & AR T EL R DIHR.

AR BR B2 F T 18 DR~ 1912201 (E 1), F201H:
4R, BRI — R EERE RS EIRAEIE. R
W 5 SIS B AR BT, 20140 FP I3 T R Y e
BleEiEE, (A T 2 E KM R, A20t2KES, Mk
Bl BT O A BIE RS AL 5 880 R B B ().

L1 BUCHLER R

IACHDIRBL 2T A A% oA, R W BTG BA 5 <k i)
b X P RRE AL B W 2 5. 18HH425K, Hutton!'7E
(HBERFEIS ) (Theory of the Earth) T HFEIVERBEE H “HbBRZ—
MERRG, HRGEWAR T HEEARNES. MU
T2 — VA 2E R HEAE, o B IR R AR
RS E T B EAIEAR, Lyel PR 5 e T R R )
(Principles of Geology)Fifi— ke T ix—BAR, HH T3
FEAENR ARk — 25 44 R B0 S 32 SO, 58] b ook
FRINIE KA SRtk

R E E g s
WA, P ERERR L
BB ERAERE L, B XA
$RAERLMRALWELE, Y
ERE N AR LE . £ E
W5 R R Ak AR
.

®

WL 2 FxuniasEsER
LSHMHAEHE S EE, FER.
TEFRAR AN LT A ERHE
o ¥ KNEER AR SR, EH
_— T1E.

\ -

18120 K R F K BALPL T T K30 5 HERRLF38 X
AT AT B BHAF SR PRI, BN, 3225 THbERELA1
LT B DA 2245 AR, Herschel Phl i i MK T E, &
% T POHR AT ULAY K A & 983, Kant(1755) 5 Laplace(1796)"
SER MR FEFIS AR R 2 s B, AI0E TS K
W2k, R RRFEME THEISHE. RRERREET
B AR ICEEEBERY B, ARR AR kB4t i, dn e
AR . HER R B AT A2 AE, M E B

SRR TR RAO I, BRI R R AT 2
Bl SR S B R

Sci Bull, 2026, 71: 5225-5239, doi: 10.1360/CSB-2026-0615

SRR ZPIESE, BhEMS, X, BZ2sh S A haxt BkRHAE L AR A VT K. Blesif, 2026, 71: 5225-5239

Guo Z, Yao Y, Liu Z. Integrating Earth Dynamics Across Dimensions: society’s pressing need for fundamental innovation in Earth science (in Chinese). Chin

© 2026 (PIEFRFE) Akt

www.scichina.com  csb.scichina.com


http://crossmark.crossref.org/dialog/?doi=10.1360/CSB-2026-0615&domain=pdf&date_stamp=2026-7-16
emailto:ztguo@mail.iggcas.ac.cn
emailto:yaoyp@nsfc.gov.cn
https://doi.org/10.1360/CSB-2026-0615
www.scichina.com
csb.scichina.com
https://doi.org/10.1360/CSB-2026-0615

M4 Z LB O20206E88 F11E L2H

MRS 2E STBOHEHI
H

PNFH 1811912 202
HER Ot DI, o MIASRA%(1918-36)

©® IR (M) (1852)

® il (HHIREBILY (1795)
RS © RFR (HESFERE) (1830)
® KR (MFPERIRY (1859)

® MRIKAAIZ IR HI(1901)
® KEHRIBIR LR (1912)

® STRSAISETE(1908)

-
S o S{AHL 2T II(1926)
RS o BT (HEkSHEAERICY (1839) ® IEEAH(1909)
Heiamms © BB RI(1894) © ZIBNRRI(1914)
o RSMBAARMIRLE(1904)

KSR

e ® EESEERICEII(1919)
SRS o ke & SRIRA S ER(1872-76)

TR IR 22
Bsmepy | ° REIEGNREHI156 00) o BRTABIE VIETB(1919)

® EnFANNESTMTE(RELR 1781)

Bl 1 BBk e AR b i T B2 1)

REBUEESENCIS
202D A

© SEMA NG (1960s)
© IHIBE R AL(GIS)SE(1960s)

© K=RNEFRFME(1941)
® IRRIIEERICEEIT(1967-68)
® K=RNEFBICHII(1976)
o &=+ SIRI%) (1985)

o AN R ARIN(1932)
® ENIRERFNER(1950s)

® IBIRAIZARTN(1936)
o NETDERE(1957)
o ERitiBE R (1970s)

® BIEBXRSFURALTN(1950)
© BiBEICIRHI(1963)
© LIRTWEHEZIREI(1975)

© RBIAREBICTEE(1960)
® BT KSR II(1961)
® BB RI(DSDP)B#(1968)
o TBARAARI(1977)

® \RABBHET(1930-68)
® REEAXKHEENESEII(1972)

® B, &2. NERWSN(1959-61)
® [IRBMAEH(1969)
® K2 &RT(1970s)

B SIURR
20tH2K-211824])

® RIRTYIBIM AL & 1I(2005)

® K #1534 E(1990s)
® 55 HE 5(2000s)

® SthiBih PR 115 FEFEER 5T (1980s)

® jthiR S EE A (PREM)ETI(1981)

o (HBIRAZRIE: RAEM) (1988)
® IPCCRLIT(1988)
® S{R7TL LT (1988-93)

© DRASRIL(1984)
© Ktk ST 2208 (1980s)
® JOHEIXTHIRIRRII(1987)

© RETRIMAHHIFRR(1985-87)
o (ERIDEY BTL(2015)

® HFAAMIEERIMT E(1995)
© U545 & i BR[O (2019-20)
© RNES N E E/(2021)

® BIMANWERIRRGEIRL(1975)

Figure 1 Examples of key events in the development of modern Earth science
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Figure 2 Major transformations of the main theme in Earth science research occur every 20-30 years over the past century
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Integrating Earth Dynamics Across Dimensions: society’s
pressing need for fundamental innovation in Earth science
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Earth science is a fundamental and comprehensive discipline that investigates the material composition, structural architecture,
evolutionary history, dynamic mechanisms, and future trajectories of Earth and planetary systems. Its central mission is to provide
theoretical foundations and technological solutions for addressing major societal challenges, including resource security,
environmental forecasting and protection, and disaster risk mitigation. Building on the priority funding areas established during
the 14th Five-Year Plan period, the Department of Earth Sciences of the National Natural Science Foundation of China has
conducted a systematic assessment of disciplinary progress, emerging frontiers, and current societal needs. It proposes that Earth
science is entering a new era of Integrating Earth Dynamics Across Dimensions (IEDAD). Over the past century, the main theme
of Earth science research has undergone a major change roughly every 20 to 30 years; following plate tectonics and global change
research, IEDAD is gradually becoming yet another main theme. It may provide a new breakthrough for major scientific problems
of climate, environment, resources, and disasters, and give rise to the next major theory in Earth science. The overarching
scientific question is to decipher the physical, chemical, biological, and geological processes and the dynamic mechanisms that
link changes across Earth’s systems over timescales ranging from geological to human. IEDAD calls for a shift in scientific
thinking: removing spatiotemporal barriers to achieve cross-dimensional dynamic integration across Earth’s solid, fluid,
biological, and human spheres. It also demands a transformation in scientific methodology: leveraging advanced observation and
experimental systems to acquire critical new data, and building data informatics infrastructures that enable the full coupling of
high-precision numerical models with Artificial Intelligence (AI)-driven models for Earth’s solid—fluid—bio—human systems,
thereby establishing a scientific methodology system driven by both data and models. Guided by this overarching framework, the
new funding plan focuses on fundamental breakthroughs at the most upstream levels of Earth science and outlines ten priority
areas for the 15th Five-Year Plan period, organized in a “4—4-2" structure. The first four, oriented toward scientific frontiers, are:
(1) Earth System Carbon and Water Cycles (ESCWC); (2) Global Change and Nature—Society Systems Coupling (GCNSSC); (3)
Habitability of Earth and Planets and Origin of Life (HEPOL); and (4) Human and Civilizational Evolution in Relation to the
Environment (HCERE). The next four, oriented toward societal needs, are: (5) Cross-sphere Material Cycle and Impacts on
Resource and Environment (CMCIRE); (6) Ocean System Evolution and Cross-sphere Interactions (OSECI); (7) New
Contaminants Cycle and Control (NCCC); and (8) Multi-sphere Dynamic Processes and Prevention of Hazards (MDPPH). The
final two, oriented toward key scientific methodologies, are: (9) Earth System Models and Al Technology (ESMAIT); and (10)
Novel Observation Methods and Technologies for Integrated Earth System (NOMTIES). The plan advocates for deeper and
broader interdisciplinary collaboration both within Earth science and across other major disciplines such as mathematics, physics,
chemistry, life sciences, information science, and engineering. It also emphasizes the synergy between emerging interdisciplinary
fields and traditional branches of Earth science, promotes a paradigm shift in research approaches, and facilitates the effective
translation of fundamental research into solutions for pressing societal needs. Through this top-level design and strategic layout,
the goal is to advance China’s Earth science research toward the future scientific frontier of Integrating Earth Dynamics Across
Dimensions, foster original innovations in fundamental Earth science theories, and more effectively address humanity’s urgent
demand for knowledge regarding resources, the environment, and natural disasters.

Earth science, history of Earth science, Integrating Earth Dynamics Across Dimensions (IEDAD), Earth system
science, disciplinary development strategy

doi: 10.1360/CSB-2026-0615

5239


emailto:ztguo@mail.iggcas.ac.cn
emailto:yaoyp@nsfc.gov.cn
https://doi.org/10.1360/CSB-2026-0615

	圈层动力跨维整合: 社会对地球科学源头创新的�迫切需求
	1现代地球科学发展简史
	1.1现代地球科学的孕育
	1.220世纪早期的“认知大爆发”
	1.320世纪中期的关键证据和理论突破
	1.420世纪后期以来的理论深化与领域拓展

	2地球科学发展新态势及社会对学科源头创新的迫切需求
	3地球科学重点资助领域布局
	3.1地球系统碳循环与水循环
	3.2全球变化与自然—社会系统耦合
	3.3地球和行星宜居性及生命起源
	3.4人类和文明演化与环境
	3.5跨圈层物质循环与资源环境
	3.6海洋系统演化与跨圈层互馈
	3.7新污染物循环与治理
	3.8灾害多圈层动力过程与防控
	3.9地球系统模式与人工智能技术
	3.10面向地球系统圈层整合的观测新方法与新技术

	4现有人才、团队与科技平台条件
	5未来展望与建议

	Integrating Earth Dynamics Across Dimensions: society’s pressing need for fundamental innovation in Earth science

