WH PR AB 20055 Bk 58

HEEFESUNREN KGR

PR A, PR, G, AR, B

L. BRBEET R EAS TG, TN 510300;

2. WA (D) A RRA EBI R, dbat 100027;
3. EIGFRIRA2AL T 240, ILZR 15 266100

* SEfEME#, E-mail: love ariel0915@126.com

2024-09-11 Wk ; 2025-02-27 & 01; 2025-03-07 4%
BEAWE. TR EAL S BRI T B4 (2022B1515130001) ; [ 4R %8 U538 g i Jm BH & R B4 191 H (23YD02)
BT X145 LEEGS . 2096-8523(2025)05-0257-15 doi: 10.19509/j.cnki.dzkq.tb20240516

OB BRESUMEEFRR. AARPBE. REFEFR. G RARGELZFEAMRE, 21 LUK,
Wt — ST REFESAN, BHAAREN AR AREMD U TEREIRETNE AHWLEASRGTRR
RERM, BFESANERCESENEL, Fif, EHRBASERNHR, HESXABRTHE A
AAMARFRAEM T EGNER Wik T ERELRER, Rl 8K E £ S AL KR RIRK, 33
HRMAGHATTRE, A TREZREFAURBFESAMAARARGELRES  BFLSANRL LR
MLEW, UREMRENEREESERAETNAESTMN A RERE R EL T RLRIR, I3 R R G4 N
MEHRALESRAR HALSREEFEA LT FAENRRYE, R EKE £ S E b L0 ESFARE L

ERMHZE, AT E MR ESRRR T AN -2 -7 LA R 4,
KEW: BEESAMAS; BEESRE; £A3TE; TEINK

B 21 20 DOk S BRSARAERE B SR, 551
KEW L . NEABDEAL . PP HERIREE, FERJE 5
P ER R 1T 70.8% A A TR R EA05E, o A 26364
o B AR B R, TN T AR T A
T A VA BB A AL A AL, X R TR A A
DA B IR I AT R

AT SR 3 [ 30T 3 U 332 A2 sh i, TG 7Kk
REEFAEIGAR &, 51 T AR . SR S A
IEE, TR AIRS . FATHEEN W g R, 3
][R 32 R 9 R I, AR X e DR T3k 3.15 4408,
A= 25 AR 40 IR 45 D1 e 51 RS A9 ] 422 48 F 401 R Tk
276.85 127t aBEiT, 2023 436 FE ko 4k &k A=
T 46 K, BT 1466 km™, WEEAERRGHA
FAL KT, T SR AR A Bk Ak L SRR R Bh
Y R A A I AED, SR 2 NGB A SRR

HAFR, B E IR A ARG, W IR
IR | VR RPR | ZIAAK . HEMGRE AR E TR ESS,
JCHZ IR FNZT A RS SR 25 AR e 2 R OR
Bk a4 S | VR DR A LA A S
RGAL T AR TR, WA, I, WA
PREEARL T I & FR R PRARS
AT AR AR AR AP B BE R R B 2 A T
TRLEZS RSN, LAt 1 A i e R S IR BRI
S AARAE S, I BENE TR 5 K S HEA T U Tl
00, 10 A ) S R P BORE B SAE  B HARAE
VPR 4 S R I B AR, R R
WAL T ML YA 38 B 14 80 25 AR A D, LR i K
SR T dLURE R AR R, F AR E bR TR b
FRARALNE B0, SE B0 R 5T LI A S 56 = i 5 7
ARSI A H Y o PR L, ki K A i

ERIEE: W, XU, AR, . FREREA S R S BURRR [1]. HuBTRIEOEAR, 2025, 44(5): 257-271.

YANG Jiayu, LIU Tao, LU Chugian, et al. A review of progress in ocean ecological observing system in China[J]. Bulletin of Geological Science and

Technology, 2025, 44(5): 257-271.

© Editorial Office of Bulletin of Geological Science and Technology. This is an open access article under the CC BY-NC-ND license.

https://dzkjtb.cug.edu.cn


mailto:love_ariel0915@126.com
https://doi.org/10.19509/j.cnki.dzkq.tb20240516
https://dzkjtb.cug.edu.cn

Wi AR

20254F 44l S

TRLE S AELOIIM B AR B A e BB i K-, w1t
A ZSFERIRDCHEA T A B, X AR 20 | TR
SR AEEATRIF T IR A LTS LA
GE BB IR Ay 32, AR GE R BURE R 3 P 23 B
TNEZ B R AL PR, 5%, (RAF AR RERI N
oy e 2 WL DR 2R 5 ), i LA B I e oz e 3 ] e
A AR EIPIR B T A 2SR 2L 22 4¢ il LAY 2
AT A S, L KA R 2D O ) R R T
PRI, A A 25 O % T O B {3 47

[ IRk, P AR 25 SC TR B Ay AR 2R 3R
R R E S PO AR Bop Ak, ot — 205
5 6 R 5 W 7 (TP A 25 5 PR LN W e, A e
PR RSN e B B, S el s e [ I v PR SR I
B2 Z VLSRG, RN E AL 5F W 2L K
AIBUN TR RS AR | S BRI B G . , T
] P St A A LI AR, e 235 ¢ ) A 2 L 5 AR B
AR, Rt —2 e SR 3R A A LI B AR YRR, d 2Tk
|l 57 A 25U J S o ) R

BB e B AR 3R, 9 A A5 AR ZOUL I dLKE
R A FE PR A KR (A 2 AR it gt St =
B Y JEAL BRI R}, T RUIn A A [ ST A L
W, it — 2D eI R R R AP | R I N S
IW%1A%ﬁM1¢ﬂ@¢%AHAE SAET,
P AR S TCE R A S R PR

ARBUARFIRE FH S5, 5 45 T e AR 20 Y
J SR 75 6], Ta] i o3 B 3 el AT A 25 UL A7 75 14 S PR
P, R T ] A 2 UL N K e WL 4 — 20 e S
R R LA

1 R il o LN 4 AR M A

R FE TR R R AR EE AN, Sl i i v
SR T 8 Xof YA 9 77 9RO VA VR R FH A, 20
70 80 ARAR LIk, v & ik E I LR I 2 S8
ZIIRE. Tz 7 15 0 SER ST AL B A AR U
M GORE, XHEVEMME A TR 0% . SEIRE . Ber ik
F14) 4 TET UL
1.1 N AR TR S

H I, AU AL AR 2EA TR ANE R, 5

SRR RN e S IR G R E S e @r%mm&m
T AN & 6, TR UL 117 PR
SR 22 8 nT AR 4l AN | 9 22 e v L S v R 1,
T ICAS [5) (A R0 2 AR 1473 15 4 A, [ 4
ZEA LI a3 3 5 TR AR X 45T B A R
S R 3 K (ARGO %102, 3 i s 2k Xk
BELMM RS, HEBELIFAR LS 7 B E /Y
AT o A SN 35 2 K A A8 2 S e ) )
DA K 38 3o VRS FRL | I RS K R LI 5 B A

EN RN ?MEE%IW% (ERESURIKTEEIVES TRIGEEA N 2R 505
F1EEVWB AR
Table 1 Introduction of ocean observing technologies
JURIIESZN EESUNIIE 2 () &
fi Il [ TS 3o 50 5 R e S A A s (e
SRR BRI TACC TR . KRS W T VISR, T PR A RS 3

SRR T RRGER R Z SR ZIIREM LA

FEEAYE KIS R

o AR R 7 3 Ao b Ak

LiES TRERTR . W KRN

i ZA AR B

WEEER  ERTI SO, WG R R | A BRI 2 ST AR . PR . [ R RS AR L
ET TR . #IE SR KT RIS RA B L
R SHKH . . A S
BRI SR, . E BRI
B, A A ov) .
%W%fI%NNEJMWﬁMW‘MIW&N*ﬁ;V)ﬂﬁ%ﬁmwwﬁﬁﬁﬁm‘mmW%m%
AT BTGB (ROV) . TAHEBKES (AUV) KRS eV i
: 2 (HROV) , (URIrEyBs IR . RS 55 o
1.2 iR EAEZS IR R B A 15, DRI, 300 e 6T e A R A A 25 0 ok
TR A b X E G AT 9 R ) O R R R AR v ‘?@¢Wm@mdﬁﬁﬁ%\f¢$mﬁﬁ@§%

NV . NGBS, 52 2 (e 9 T 5 0 B
W, PR 5 e DU S O P, TR AR A AR
G AL | MR AR A I WA MR ) A 1 D D
SRV T T R AR AR D R T T T
258

HABEENE X,

XT3 R LN, 9 I 2R A SR 58
A A SIS | 71 ASTRAR AT 30 AU 1) TV Vg
T ST (C-MAN) Y HeAh, 56 L &



M EARE . REEFE A I R GIK LR E

N 2 4t (Integrated Ocean Observing System, fij F%
100S ) FHfE 37 AL X 4R 1 5 4t (Ocean Observa-
tories Initiative, faj#x OOD)™, Hdr, 100S H Aij
% FH E R E FR (NOAA) 1 57 H 44
iz 17, &35 EH 2 5 2 Bk W & 48 (Global
Ocean Observing System, fij #X GOOS) 137377, &
FEXFHEZK b 24T W, R 22 0 A1 1 1 i 30T e S,
FEM T 1 R AR AR AR I RZ R 4
J7 P BRI TOOS =5 B2 1 1) i 55 Ak W0 T, %
B 52 [ 45 Ml 1 0 Vi ORI R 5, G 4 DR VS Y ORI R
%t (Gulf of Maine Ocean Observing System, fiij K
GoMOOS) . Y] §* & v WL 7 4t (Chesapeake Bay
Observation System, fij Fk CBOS) . #& P4 &f V5 ¥ 52 15
FEMI R4 (Gulf Coast Ocean Observing System, f&]
FK GCOOS). Fo. KWLM £ 4t (Great Lakes Obser-
vation System, K GLOS) , Zx T i X i 2 4t
(Northeastern Regional Association of Coastal Ocean
Observing System, fij #X NREACOOS ) & X I M ifg 1
HEEWLIN R 5™, H i 100S BATE 35 42 36T X
B, B sE R B n e E AL 55 I 55T A,
O LA B4 I 2 Vg B A A A PR Y SR O, 52
PR N 258 50 v %) 30 % VA R A 7 Y 1 B VR
TV TR B A, ek RV T R I 22 T
R, I 2 B ARSI E . AR FERE W X T
R EB5E 1Tkl

DA S ] 40 (R 725 1 2 L 2% 8 (GoMOOS ) g 4],
ZRGIRET 2001 4F, 2 FZH LR AR50
J, A 13 AN TRER B 5 AR SRR I S E S

IR G S (R KU B Rl i
fif 4R . BRI AW | W B A R R
AT LSS I T 0 R K | IR I | K E
MG — RGALTE N . 3 EEHE ST T Rutgers
KRS BT b B 22 10 3 U U O ) i
%% (Coastal Ocean Observing Lab, faj#8 COOL), 1
i — A A LI 355 (LEO-15) . ¥ FRHL XL BA |
J HEIRFVE B ) PR UL B 3k S TR 18 SO 4 AR
3, TS B T T B e L X K T BRAE L AR
T3 It SR T O A L VT B0 ) N SO R T AR
AT YT S ) P A 5

EEXHIEE PR A S5 LRI, Hy e 2B AT I, ok
I 57 T 27 A 1 7 LI 2R 45 (Integrated Marine
Observing System, fij Fk IMOS)™ 2 BRI & 7 T
DXl T UL 2R 8, QT P =2 ) £ v T UL 2R
4t (New Zealand Ocean Observing System, f&j FX NZ-
OQO0S) P 4, W Sy 45 AR [ (14 T3 TR SR B UL, 55 ¢ Uik
K, LA IT SR T S A B SR B AR
ST TCETE bR WL R e, H T i UL I IR o
120 A, 16 A KALGERHFEARET Bt A 0L
I A1, Ao 2k X YA RN i, 3 2 Y Y U] v o S Y
ARG S3 o NN B B A 2R T T A AR I R
4t (FerryBox), MKHE Tl BT . R LA S 56 S A 2
N - 532 17, S BRI 42 3R 7 I & 45 (Euro-
GOOS) $E b FE/K IR . EREE | s, JhEE | MR
FrFREh . pH R A 25 M AR+
1.3 RBESUNRS

FH T30 P Sl A T A AR 25 32 BN TR A Vi

2 EEEENNRGHR

Table 2 Introduction of near-shore observing systems
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Table 3 Introduction of deep sea observing systems
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Table 4 Introduction of seafloor observing systems
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Table 5 Progress of ocean observing technologies in China
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Table 6 Existing ecological environment stereoscopic observing system in China
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Abstract: [Objective and Significance] Marine ecological observation has become one of the essential approaches

to supporting ocean exploration, ecological protection and restoration, disaster prevention and reduction, and early

warning of ecological hazards. With the intensification of human activities and the accelerating impacts of global
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climate change, typical marine ecosystems are increasingly facing severe degradation and fragility. These threats
include frequent red tides, eutrophication, and biodiversity loss in coastal waters, all of which impose significant
economic and ecological costs. Against this backdrop, there is an urgent demand to establish advanced real-time,
automated, and intelligent ecological observing systems. Such systems are expected to capture dynamic variations of
marine environmental parameters and provide a scientific basis for sustainable marine management and the
construction of ecological civilization. [Analysis, Discussion and Progress] This paper provides an overview of
international progress in marine ecological observation technologies, focusing on nearshore, deep-sea, and seafloor
monitoring systems. Developed marine countries have built integrated observation networks composed of buoys,
coastal stations, underwater platforms, and satellite remote sensing, which together achieve long-term, continuous,
and real-time monitoring of multiple environmental and ecological parameters. Typical examples include the United
States Integrated Ocean Observing System (I00S), the Ocean Observatories Initiative (OOI), Canada's NEPTUNE
seafloor network, and Europe's EMSO project. These networks have demonstrated the capability to monitor not only
hydrological and meteorological variables but also ecological indicators critical for predicting and preventing
ecological disasters. By comparison, China's ocean ecological observation systems started relatively late and have
mainly relied on coastal eco-buoys since the reform and opening-up period. Although more than 100 buoy-based
monitoring stations have been deployed across major coastal provinces, these systems are still limited in scope,
parameter diversity, and integration capacity. Current observation remains dominated by localized, single-point
monitoring, with insufficient network connectivity and poor spatial resolution. Moreover, the existing systems are
constrained by limited endurance, high maintenance costs, and weak data-sharing mechanisms, making it difficult to
fully meet the requirements of ecological disaster early warning and ecosystem protection in the new era.
[Conclusions and Prospects] To overcome these limitations, this paper proposes that China's ecological
observation should shift from simple buoy-based approaches toward the construction of collaborative, stereoscopic
observation networks. Such networks should integrate multiple platforms: Shore-based towers, eco-buoys,
underwater cabled observatories, shipborne systems, unmanned aerial vehicles, and satellite remote sensing:
Forming a comprehensive "shore-sea-air-space" observation framework. With enhanced accuracy, extended
parameters, and improved spatial and temporal coverage, these networks would enable dynamic, multi-dimensional
monitoring of marine ecological processes. The establishment of such integrated networks is expected to play a
crucial role in early warning of ecological disasters such as harmful algal blooms, coral bleaching, and ecosystem
degradation. Furthermore, the accumulation of long-term, continuous datasets will provide essential support for
assessing ecosystem health, guiding ecological restoration projects, and improving the resilience of coastal socio-
economic systems. On a broader scale, advancing China's marine ecological observation capacity will also
contribute to international collaboration in global ocean observing, strengthen data-sharing, and enhance China's role
in addressing global marine environmental challenges. In summary, the paper highlights both the progress and the
limitations of China's current ecological observation efforts and argues for a transformation toward advanced,
stereoscopic, and multi-platform ecological observing systems. This transition is vital for improving marine
ecological protection, supporting disaster prevention and mitigation, and achieving the long-term goal of sustainable
ocean development under ecological civilization.
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