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Abstract

The ocean is the source of life and the regulator of global climate. It plays an
essential role in the sustainable development for mankind and it is also the engine
of Earth System Science’s advance. First of all, earth system regulating on the
heat cycle, water cycle and matter cycle is achieved with the ocean. Therefore,
understanding the matter and energy cycles of the ocean is vital to address extreme
weather events and climate change. In the second place, the ocean also nurtures the
largest ecosystem with enormous values on the earth. Profound knowledge of marine
life, rational resources development and blue biological resources conservation are
the requirements of sustainable development. Furthermore, the ocean is the largest
living space on the earth, as well as a natural strategic barrier and transportation
lifeline for costal countries. For this reason, it is crucial for coastal countries to
improve their smart sensing and forecasting to marine environment. However, the
ocean covers over 70 percent of the earth’s surface while only 5 percent of it has
been explored by human beings. Breeding endless imagination and creativity, the
unknown ocean is going to be the birthplace of major scientific discoveries as well
as the cradle of disruptive technological innovations.

Chapter 1 of the book provides a comprehensive summary of the growing
strategic status of marine science. After the first chapter, an in-depth analysis of
marine science development pattern, current situation and tendency is conducted
with a highlight on China’s strengths, weaknesses, interdisciplinary and emerging
disciplines in marine science. Key measures to promote China’s marine science are

also discussed in Chapter 2 and 3. On this basis, related issues are further clarified

XVii



HERETERIA 2035 KIS

in Chapter 4 including the major breakthroughs, frontier scientific issues and the
blueprint of China’s marine science and technology. Chapter 5 proposes the general
ideas for the development of China’s marine science to 2035 : solving major basic
scientific problems on the world’s frontier; protecting people’s life and health;
building large research infrastructures and setting up “Big Science” projects to
enhance the ability of ocean smart sensing and prediction; leading global marine
science development through the launch of more international important science
research plans. In addition, through a comparative analysis of the current situation
of marine scientific research funding at home and abroad, this book points out the
main problems in the arrangement of China’s marine scientific research funding and
meanwhile optimization suggestions are given out. Our aims are about accelerating
the improvement of China’s marine science and technology and increasing
international competitiveness.

We should seize the golden opportunity of the United Nations Decade of Ocean
Science for Sustainable Development ( 2021-2030 ) and aim at the major scientific
frontiers in the international marine research field. Combining the current situation
and the development tendency of marine scientific research in China, we will
dedicate ourselves to achieve disruptive innovations on the following six important
research fields: ocean energy transfer and matter cycle; multi-spherical fluid-solid
coupling and plate movement; marine biological processes and their evolutionary
adaption mechanisms; mechanisms, impacts and predictability of rapid changes
in the polar system; healthy ocean and sustainable development of coastal zones;
ocean smart sensing and prediction systems. By 2035, China’s marine science will
strive to establish theories of multi-sphere coupled Earth system with the ocean as
the link, a high-precision and intelligent global system integrating with observation,
detection, simulation and prediction, and a series of breakthroughs in the deep-ocean
and related biological sciences. We will provide important scientific support for
coping with global climate change, safeguarding healthy ocean, efficient exploiting
marine resources, effective opening up new spaces in deep ocean and polar regions,
and serving the major needs of global and China’s climate, environment and
resources. We will finally contribute to the goal of “carbon peak” by 2030 and the
goal of “carbon neutrality” by 2060.

This study, formally started up in January 2020, is jointly funded by the
National Natural Science Foundation of China ( NSFC ) and the Academic Division
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of the Chinese Academy of Sciences ( CAS ) Discipline Development Strategic
Research Program. After the launch, an expert group consisting of academicians
in marine and related fields and experts from the Department of Geosciences of
the NSFC was established. Our writing team includes outstanding young and
middle-aged scientists in the marine field, and the working group is composed
of outstanding young scholars. All teams cooperated with each other closely and

finally successfully completed the research work.
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1. BFERFNETELRME

(1) A5 Tk F 43769 3 5 w2

NI S IS AR TG, FE I BT R ANES
s, AW SRR ((REVIAIE 2R, 2008 ), 15 20, J& iR,
RERIER . R B SIS ROR SR TP R i B 22402 887 M
BT R AF [ SR IE AR ARG (718, 2020), tHBSEEAHILT W L2902
" BTRE R . ANOCEMSARR AL, RIS BL T PR 3 e e
HIR T BN SCZE s s st 1 AMTIBK I & BCE, i s H T Al
187 SRS, TRMG A A R HE T ARIEEORA IS, I NI RRRIG S T
F (5K, 2004), EHMEATFEPEIEFAOBEBI T, T 1492 ~ 1504 DUk
TRV, BIASEM RIS T WEEZ M B Sk (D5(EHT - URKSHE,
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2022 ), 1519 ~ 1522 4F, % F NGB TE R T ALt FEg—
YOREKSTAT, B UCGIESLHIBZ M (M, 2011), 15 ~ 16 20 HbHE A &I
WA Z JE IS st R, & FUErE R A 4EE , AR EE T
FHIERBL AR R (IR, 2004 ), 3X— B I AU FERL AT 58 B2 M T BE
FEBLZ LI ZOR S g, SORMRIEEC: . WA R TR AT, IR RSCT
1831 ~ 1836 “EFHEE Y “HAS /K" SHATIBIERE, WERIFAT T &G
FE L IR AP R AN S AR, SER T — RV E b e T, H
HEEE A CHIFETE ) 298 T AErdE (e Bl (RETEESE, 2009 ), 4+
WA A5 E AR, (SRR A SA, B == r R R TR
B, REELGINE TR, ZJE RS e th R 5l 1 2 BRe N
I LR IR R BEE 7B . X RN RS S5 E 2 vE
RIS K

(2) T F 435 T 696 A at A

18 0K, F—k LA drs, FEREEZENIMHIIR, BT AT
FrzZE T, W TR AR, 1872 ~ 1876 4F, W XUIFAZEA
HUARBHE GBI “PhiE” SAREEERFSHLTTR T — IR AR
BT EE (B3, 2009 ), IR ZEAE = RPN R I T 7 808 b for
MRGNME . ZEREEE I, BUS 7 KEFORR. “PhikaE” SBkifT
SRl IE G B A UE 0 S R, IR O M2 R, B
AR AR 2 . PR S IRERMU T2 284G 1 tH AL
WA SR, AR [, e i EE. EE. e
(2T %] SLEdL T T LR, 19 kK E 20 #4297, )T
iy SRR AR TP A P HE R e e Ve, A S 2 PO AR N I
£, PRHL. AFEAIL. FshAL BRSO T DA A= TR A, IE AR
EEATI R R, AR EEIZ LT TRNRERET AN, St fE S e
WFRA AT (EAOE, 1985), MHERFARTFSIH IR R R MU TR & 4y
EMFXIE T TR . 1925 ~ 1927 48R iR SR M K Ed T
T 14 ADNWITEACCINEE, 1937 ~ 1938 4E X AEAL A PHEEREAT 7 7 AN BTTE A A
FEMI,  FEFRAT 310 27K SCuh S AU TRt IR IR B DA A A
NAEIIAKSC, 5, AV, HSE, FFEDWIR e, X &R —
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RREHVER, RGBS TR T A E R, SECT R R
HHL o R s R [ e MR R G T I, R IR It AR B b — A U
UKANE, TS T MERTE PR &, mreikE, 57
(RS - EE - REM (CTD) M. FIH CTD FA{E &SR ]
HOKAURE T 530N 7 A 4, 2o, RBIERIERFEE T 20 ~ 30
i (TEMSE, 2008 ),

XEGEPERE TR, —THRE T RERR, WNERF 2RISR,
7] IR E B AR T3 T R 75 I it & 17 2% . BHEs) TR 2 i
PR W IR RV I A S AR RO R, e
RBFERON Z AU ZE A 2R, EVEREE AU, B 7T RIS,
TR PEAC A0, N, T A E Ty, RIR T AR B R i oy L e
TERE . RBHEINSRIRFR G, (RO, DUBEAEE N,
LT BYEE . BN Sh ) EEG ;s fEIBTERL AU, R TR
AV . BREEL . VTR EERIEFA AT, DUTRRY R AR I R
BRI DTIREE o H TGS . Z9mdb M SR 525 1 The Oceans: Their
Physics, Chemistry and General Biology —+; ( Sverdrup et al., 1942 ), XItH]
BHERME R R A4 T 2T RS XOR A RUESS, HA TR
SN RS Y, (BREE NS Submarine Geology ( Shepard, 1973) it
Je#5 Marine Geology ( Kennett, 1981 ) S5 H iR AM .

(3) 13 BAHE F 30 T 0937 84X,

20 22 40 4FAG, AEFERTFRE. FRAIFENL. R FHEORESUISE
KIEME, =R i L AR S 2 P B L s R e 5T
2N BRI A VONEER A s R At TSN T LA, FRN
RAEALE T BRI TR IR, (EXE TR 2 Z i 2R i E
BRI, 5 I VR A IS E T ARl (ZR5825, 1999 ), M
CEEMRETER A CA TG R IBTERI AR e, T IEREEE RIS L i
AR A BEE R T ORISR DU e R A e ok e it
BRACA 3 R R AT B e A, 1962 AR E i i P ST I
SR ME IR T R AL, FREE RS A m R
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AN (CFisE, 1984 ), & A ARG AT L TH4ER], SR BUR
FEREEDIF AR IR B S, PR A AR RN s[RI, THEAL.
T A28 DRI REEHOR T IZ I T e &R gEH, 40 CTD .,
7 2 22 W i I (Y (acoustical Doppler current profiler, ADCP ). 4fi{H ¥
TEEEPR . HOEFIEAL. AN, SR . IR, . K ALEs AL KT
AL, "L DR, WD ES%, EE. REE RE. HARSEER HBLT
WHERAM, JFRT RIS REREE R, SRR e
W EPRAY 2 B SR SRR A A 0T, B T — RS
AEANMERCR, B8 T IAGEERI AR IR AL . 20 T4 70 ~ 80 FE(C LA
ACFHERI I L TGP RR R R g, 80 ~ 90 AEACHIN T —FR K
REFKERERTEAE, BT, 2 O EREEARGIT =R TERY
KA, EHEERIN T 10° ~ 10° 65 (BKERIFIEKE, 2006 ), L =+24F,
PRGBSI B SRS BAST . RREAEOR . AR A T 1 B
BRI, WA KRBT N TR e R et 7 B4l

HERER AR B R P YORENE R S ek, X Fh a2
PEBUEA AT S — [ 5 EME CURAH e R 1 . RBL RS4RI A 20 HH22 R
WiIra, Y2 AR A AR A AR PR SR T =0 . filan, 1968
EEEEZFRFESSHZN RIS E” (Deep-Sea Drilling Project,
DSDP) ({E#hE, 1989), £ 1975 44 KN “KIFEEHAITH]” (Ocean Drilling
Program, ODP ). #fA 21 H43)5, %t RIdE—54 K, Boh “EERKHE K
i &]” (International Ocean Discovery Program, IODP ), ZHMZ iR A kR A&
REEEN, WHEE. EE, 38 (P H), BAREEE, ET 1998
FERNZER R E, EZH R, R & 2 a v RIET o
7%, HETHREAEE M MIRAE, RS2 A AL . HOERIRBE AL . H
KRR GAT NI TR AL T FE 1Bkt (oL, 1998), 20 40 70 4
FCTF i STl 1) 8 3 BR AL 5 T T B 98 ( Geochemical Ocean Sections Study,
GEOSECS) &I, T UCH 4 Thl L 2) ] 1 4 BR 7S R A P AL 2 240
B (EU058%, 1996) 5 80 FAIT AN TR H R PRI S (World
Ocean Circulation Experiment, WOCE ) 4 £ 4E%E 7 GEOSECS HI#F5E; 90
FEATT A B ER R PEE BB A4 5S (Joint Global Ocean Flux Study, JGOFS:
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1990 ~ 2004 4F ) @7 T I fpe ol B 1 AR AR AR AE P B BRAG s R BRIETE
LB RS J1F W51 R (Global Ocean Ecosystems Dynamics, GLOBEC:
2001 ~ 2010 4 ) #5807 H RS AR AEH BEER 54830 1240
385 [ 1998 FFEHF S N IR E - IR (Argo TR SERELICK, 15317
EBRIFEE 2000m DL DA A3 Fh 75 T S S IS RS A, DR T RS TR A
A FE AL T RS2 EEA; 2010 45 E PR &R B2 H (An International
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GEOTRACES: 2010 4E% 4> ) ( Anderson etal., 2014), FAFEULINZSE ( The
Southern Ocean Observing System, SOOS: 2010 EFE 4> ), [FH FRifFEA ) 62
G i 58 1T &1 (Integrated Marine Biosphere Research, IMBeR: 2011 £ £ 4 ),
DA ERNE R A AT 2L 7 J# 14 (United Nations Decade of Ocean Science
for Sustainable Development: 2021—2030 4F ) %5 [F R KR ZE A& IS TR 4y
gyidtsr (EE AR ESZ RSP EREERE, 2012),

Hid M, REgEX s U HERS T IR T s R R, HE
SR B S B AN, KRS S . MBI B . AR IE B S &K T
PR VBTEHL IR S SR B GRS IR, MR B39 T AR &6
P R IR GG, SEESNHL R — “HEa” CGROGEE, 2009 ),
PEBEEORN KR, 153 KB SEhr B i, R
S RE T 90% DAL, X T AR AR ENE T2 5 (B
ELAE, 2000 ), RIEEORBIKRE, IR “RUR” %5 BREL, %SY T
PRV FAE B 2 a7 CBAENT, 2011 ), 6525 AR K
R, WU 7R E SR R A BR SRS R AGR, BN T AR B
W RFEMRENEG ., HRIEEIC . WIS RG . R Rk KN
ARG TR R SR, BEMNEAR R K RET TS
AT R RS

(4) RAHBFRFAL LR

PRI AR SR IS a2k, 2R IR 2017 HAHE HAR
SO KIR, HATFRLEE M XAF5T, M RIART g A §B0E Kk o
KGNS B ERERER AR s S FEINE N T 2R X BiEM
g, REESEMERIZ AR R IR, BRI —FRIL5ER
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(2) i FAF R T AN ET AR IR
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WIS — R, I NSRRI e S e R B T A B

(4) g FEAF AR T AR A% AL INIR

RS TERG P EERE A6, TETSKINEE S
ARG IREAE M s, FEHE S BRIBERENET (ZBEEINR) BRI,
ANERAVGRBNEEE R ERRE: . VT . AR ] ™ B AL
HIER . s, A SETE S pl i — SRR HE O R R s U
Ry “HIERR T8 WAHE S RIER o MBI AL 4y
R EC SAT U B, R 2P IR AR U R HIAIR, Hd e AR AR
BRI BE

(5) BEHFFFZMET AL LRAES RATHGINR

eIk AR KE . a5 B EEA N E B R, B
A I AL — P R AT 25 T REAHIY B0 S PRI,
TR A e N BT oK B R BRI —, BN ERE Bk AR
ROV ETRERENEH . WHERSEI R B — PR T =R EE R R
TER AR = KB B R AE BEAE R, IR T ASSIBEE R R A
G HFERBAR,

(6) HFEAFME T AL £ 6INR

BRI B THER)E . A s (FSREERT ). KILEE . B4
PO FH AR TR, 428 F T 5 Ui L SR E S eyt
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MR L BAEAE B, MR P AHCE 2R 75% A MR RAR SRR, IR K
BYRARKHF LN AT, KFRSAaFAEREENEeRaiZ. &
TR S AR P IR, AR HER SR R G E AR, KRS
728 Al Y B B DA DA RO 4 A I i N7 e A Rl X R DB, b A st Bk . 9
VKR RS 2 R BAE R 22 i 888 X e A AR SR 5 22 Bk KPR
25% ~ 50%. AT E R A IR VCETER KR B A= 4
e LR, BEEAEMAMINEREE, B e BN E
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KA WS A BIRR, T AR S R A P B R |
WA AT, UHEEERRNEESWRAR ., Rtk
RERFRNEBEARE 7, ECESChEEN A, BIEEE. KSEE.
it . B S A SRR BB B B A R T Bk e R ge, HIP A, ECEIRRER M



TR 2035 KR

BRI R S HMM IR R SR SR G . IR RE S HIERR S
Rl HA AR R E, ERR R AL TR AR, ZE Hin
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