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HE  RIEIE R B A Y B BRI R A AR o fE, AR RV E HUBRC BT v, AR A R R AR Y R AR S IR

VT T B L R T R
S, AXHBE T REEEHBRFEARNEALR, K2

B R T - R i#é"‘%éfnfﬁ]@“ﬁ%%?
47 EREH R, WA FRA B R k. B AR

FRELRBRET L TAREERICENFE, AMET GRERMET FLLS

URAES BB BN ERALE. &

# %5 T #r(Net Ecosystem Car-

bon Balance, NECB)# L 1 H# K, 4 $2 7 % 15 v I8 H0 5% L 4y A Jo Ao R 8, L‘lﬁﬁtfmﬁﬁﬁi&ﬂ?éﬁaﬂlﬁAEH’\JW

MR EHET ERKE.

HER, AXRGRET ¥ EHEEEHHFFLIAR, FRETEEFREEBERE S

ERBHABAESH BRI WA LEARR, EARFERERZIEENTHE. &6, RiEH FJIJE)IF

REAR, BET ARIEEDHERFRE L.
KHER  EEIEH, AR

1 5%

TEABRARAL H 28 525 ANt SRE AR AN
MO LFE T T BRI, R mthER R4
924 RS (Wunderling%s, 2021; Armstrong McKay

, 2022). IPCCENRIHLRE O MmTaH, AK
/ﬁﬂ]%l KRR SRR ET &, Rl R %
F= A R COL TG T il HE R 51 % 4 BRAR B AR A JiR [
(IPCC, 2021). A=ERAFREWEHT B A ERSNE R BLR A )

BOLIF AR &, NECB, JHE3% C

JRIEFAFIRE B P AR, 51K — R 55 Bl = f
A (ZhangdF, 2020), W0 T F A
R FE A (Fischer MKnutti, 2015), H#E7 Eb A 4 5
FkE S ARAL.

SEELXUB H AR A 75 B ] LCOL N B iR =
AAARMIRHE, R E @ A N E A SRR ARG I KR
CO, M E (T FtHi%E, 2022). R ERJLHEYSF,
Fiti M A= 25 R G0(Piao%s, 2009; Wang J&5, 2020)F17A
425 B4 (NowickiZ%, 2022; YunZ%, 2022)5‘]%?[:6)%7’?
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rhERRE: HIERERE 2025 4 5553 A5

OS2 2] 72 5B R0E, SR SRR H (A 2R AR
SR VA A B RS ) B IR A PRI T A WIS 25 (B N 2 55,
2022). VRGN IR T AR Hh g% oy b —Fher
PRAEZS RGE, A2 Mg WG ik 1Y) B B2 T 7. BRARIE I
HTHI AN SRS REN0.2%, AN FEDTRRY) o1
BR T Z150% 1076 WL (Duarte®s, 2013), HAAERT MK
SR UL 21444 T g 24 & FICO,(Rosentreterss, 2023), R
A7 TH R PR V2 0 s - S e 3 e R R Bl M AE S R RN
1518, RMBHEAES RGNS (FE%, 2021). K,
TEMFR M 2 B B IR AT R 70 AN 5 K Bk M B
KES ARG, EPIREIRKSCO, . Eif A,
S5 77 H o %8 K EAE F (Donato%%, 2011; Fourqur-
ean%¥, 2012; Duarted¥, 2013; Wang F M%, 2021;
Rosentreter2, 2023).

R R VP AL VR TR Y BT D e S V38 7 =2 k4
MR ORI DI Re ) EE RS, BARH AT A
FULE DXCSORN A Bk ROBE b PP Al 17 5 v 10 7 Al VI T 8
(Duarte®$, 2013; Rovai%, 2018)FxILHE f1(Fuss,
2021; Wang F M%%, 2021), 18 iy F I o B A vk
MIKSC HIERAREARAE, DA R IE A I FE O
AT BRUTRR I GER DA S A ) e 52 6 ), ViRV U €Tk
VPSR AT SR T V22 B k. 504, an el s S
2 Haa Fanr e ? IR REN R AR AR
WLl o 7 Sk s AU AR I AN R ARG A ik A2 2 17) X AELEAT
ZFEIIRR? WAl 4 =y v Ve (P U HE G Y8 72 1%
U i) RSN O 2R BV v R BB AR HE VAR, X IE
T BRI 0 RV T P RE ML HE 30 3 A BV
SGROCHEEL AR T I BRI IV
il BT TG OBk, PRONERTT 1 Ui A VPPN A
FAANTH AR U S5 ), BT RGBS Y B R i it
B A T ARSR BB T AUHEAT TR, DU NTRIEE
TRAGIIT TR (I PR R 2%

2 FEUHEHBRIL R A BRI A PR A2
2.1 R R R ARE S

HE C BT (B B 1) B A AT T 40 1 4
TR Hh 0. i B AL DA K A BB
“ERBR(Piao’¥, 2020). — MR SR IR BRI & U R AR
VEAEAS RGP RSO F A O B
SR, 5t O B L, Y R B AT B T A

/3t S U i N IR SN TR 3 s N S =N -
A, 2018). DRI, W W o R S0 E AR fR
PRJT RME T BG4y, AN 2 N S A Bk
PRI 2 DTk (Macreadie®%, 2021).

R RS RGN BB ANy, Eil
W REE SN S PR, BE. BEKAES
RG(ESIEE, 2018; WangZk, 2023), LLIIT KAl
T Ve L B AR ST AR S RGN KR
CO, W Wit BA Ko i AR 4 %k A AL B 1 22 38R0 3 47 i 2
(James%§, 2024). VEHF IR HL ) BRI -V IS A2 V0 A4
THEL AW, WKL K. UK. HERKEEZA
ABET, RN R R 2R BAERE, i
VI M A BRI R B (1) VR R O s A 1
FAWR A ] 5 CO,; (2) wisiE th + 385 L [ SR YU AR
Xof R A AT HUBSBEAT A (3) 5205 VAT 1 [X 45k fiy 21 bt
FRFA 6 7 55 0 1 X Py i A a2k 1) 8 v UKL ) AN B
PR A, VR R R U 32 AL (1) TR
DU A WU SR A 2E 2 43 it/ F R LACO, FICH,
AR AR RS FBOR G (2) VR AK T AN 2 K
I I oy 7 BT E LR R SR COL,FICH,, BA A GE
REAER O 5= U (3) FEMI K SCIREN T, i
g 1t A A AR 398 [ i 6] PR 55 40 i Bk (Outweelling)
[EFGEPE P

2.2 IR HBRIE IR R

VR I b BT ) T A T U R R - - R
Y- K TG RAN 2SI FREGATER S R IED
(ESIREE, 2018). £ RGIFMAT H R iR AES
REWAGHA I AT, P 7 HBRIC 158 5 (Wang 55,
2024). ZIRAR,  Eh VAR RIS AL I ek MO AS B
KA BRI COL AT e &R IR TR A WL, B
MW AT TI(GPP), oA 45 [ 7 (B B R A B
AR BT RE, HLACO, M R Frke i T K<, BII
H FEFEI (Hu%%, 2020; Rosentreterss, 2023). 5 IL[EE,
LA R 39 B B R AR (1) S P AN A R IR AR
TV AE R CT KA BB Dy R 7R, 5 E PR
IR AL [FRR A RGPIR(ER). RIS RGN
B RG AT JI(NEP)SEbR L RYIF AT AT R
20 W W K 3 S 4 1 25 2 (NEP=GPP—ER)(Wang?%,
2024). S5UGFERS, MK B S Y ELEE —5 5
H A B E R T E M Ao ZEFFRR R DGR 4
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g reBn P tEIROH
l ARG e HOVEASNE

REBOE T SR

CO, CH,
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POCDICDOCTA

B EEN ¥
= DIC DOC TA

B RBERRETRIELFENEE

W5 AR AR A 5 3K, AR PR 5 1 1 R 7 36 A 2R
3% (DeLaunef1White, 2012; Alongi, 2014; Schuerch?¥,
2018), 55—y imE AR bror b N 38, BN 13
Tk P — 3505 7.

B 7RSI, DU BN S [ At 2 v
FRRHB M E B ThRE 2 —. — 5, AR TR
W LA S BE T ik A head it B AR DAk N 458 ik 2
(Deegan?%, 2012; Fourqurean®¥, 2012); %5 — 5, BT
2 B KRV YRR B R e, B B AL T K B
AARZS, A RG] T G AU AN 5 A
T35 3% B ) 47 AR A FH (K athilankal 55, 2008;
Zhao%%, 2020). 1 X FhyiA it #Ev] LK Hiz 47, #H 47
TEVTR R BBk ] AR S RAF B E 48, AT K
& 5% B AE (Duartes, 2013). BRI 4b, ARG K44
TERAMNIGTE /T R A e, B T3 REAR),
TRARFURIREE, 7K AA 517 308 40 HLBRAE T 4 [X
DURUR SRt NV b 30 B, 2 VeV B 22 11
— RAMEMEBRIE(YuZE, 2021). 5 RbIEERF, e i
WAE RS KEGEY AR g g BT+
B, XA AR D TR AR T T 9 Y U L S Tk
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JE ) — B4, R VR AR () 9 7E SR IR (Alongi,
2014).

T IETE A K S R A R T WU IR S A
FEAECH,, DLAASHRIE B B Ay 1R fhig s
7] KA 8% (Santos2E, 2019; HuZ%, 2020). {HEIW i
KA AT B K R IR 46 2 5 7 F B B e LT A2 A,
M 25 40  CH, 6 7 4 (Komada®s, 2016; La%%,
2022) T H 4 AKGR 2 5, MR b 38 i fl i S8 34

SR CH A, PR Y VA 98 b (1) CHL, HE U /S
(Zhao’%;, 2020; Cotovicz2%, 2024). b4k, ZIHMRAIE:
AR ZEFF A S A 2 77 AR K& 1 CH HE I (Jeffrey 25,
2023; Zhao%F, 2023). & 7 A LR EERBI K8, L
32 FLIR K I C O, R CHAE W 147 2527 0 J) 341 o il
BENIKAR, MK G THER, & i ik (1)
FRIZ —(SantosZs, 2019; Chen%, 2021). FLBR KBk
H R KR I R AS B, DL R K P R A R, &
It b 2% A7 I R %7 2 2 K AR IR 7K SC B g i A% 1) g
] 4 3K 0 it Y T b A e B Y1 (1 R4
JHEB4r(Maher4s, 2013; SantosZ¥, 2021; Reithmaierss,
2023).
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3 TR RIS BRR
30 RIHEHBIL ARG R

VIR BRI S BRI ST T T2 R R G Rt
FIEENE. AT R0 MR E Sk
EARG, KT L2 NIRRT 2GR
HEPE TSR RAE R ZR (R KO0, fEH. 3
Y. WAEYIAE). SR, BB ORRICBEES S LUK, A
Frok Z XLV T BN RS SRIR. A Gl L
“ BRI SR e R AL AN R BV BB 2R 1 TN ATt B A
P SRR R, B EE T AR IR RS R
Gl T- 1 (NECB) KA A Vi MR (1 PP 14 2R (142).

3.1 BRARBELS T WK
Db B, TR BRI Th R — IR RS RGO
1A AT - 398 PR ] sk X RS B2 T AP . O TR

“HAENE” T IR
(b)

GPP

ER

AP
B

TR T TR

AT I PRI (AN, A SO B BRAR AL SR 4
NG I LRI R, AT 7 4 6] 1% P A i v 77 X
B A

B RGOCE BB T3, KIEREER
EE—NEBARCE—FEM), MAEEESERNMM
FHEAEFH, AN S K ASRIHZ AR R 2 18] a2 #e ik A2 (P
2a). B BWIH PR FIGPP 5 A% RGP ER 2 ] 2
B oK & B AVE M AR S R GE 0 15 B 58 2 (NEP=GPP
—ER), XMEICIEAN AR H 2 X KA COME
PE SRR E BRI, AR — K A B R B CO, 38
ik P {H (Hans, 2015; CuiZ%, 2018), &43kAp
AR E RIS R G A A AU 2 B BRI VA
BAR(YuZk, 2013; YuZk, 2014), 78 =8 RE BT AR
“H TN B SR AL 1) BT AR,

55 b SR AR AR AR D) 2 3 I VA R TR A B
8 1 B HE R S OR R AE BRI (KI2b). 7k

“EIFELE” R R
PN

FCH‘,‘ 1 FCH, 'FCHA
GPP | |ER

(c)

LEX
EpEs

_x%m_

BC=GPP — ER — LEX — FCH,

BC=GPP—ER BE=CAR (NECB % H: 45 R AUH5-F-485)
(d) sz 12 . . Fe BBk — BRI MG
EiEEiC EiaEie NECB
B CIA =
faedl s FABTRT IR t g WIRIL i FE Pl

& 2

RIS T B R I A BRIC

WMARRSRL 1. EERGEER . SESRGA )1, CARFURBRELEIE R, LEX/Z TR 5 R R B i) 4Hd & FCH, AR

T JORIAN % K R CH R FOE
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By KR RREERVNBRRS, G eiEE
TRA Y, AHEREN KA KSR AE
HAEH, ANy IR 138 A H LA 2 AN i (Spivak
%, 2019; Wang%, 2019). XFPBIC P EE SO N R
DURRE| B3 A A G gt ok, B smiAviAR YK
BRI, 443K 3B 7 BHAR A R K J i A7 119 e 28 ()
S|4, 2018; Wang F M%%, 2021). 1ZHE &5 fli b 13
TR J2E VA 5 2B (Jackson %%, 2017), HAE WEBVEAS
IR OS2 (FuZ%, 2021; Wang F M4, 2021;
MossmanZ%, 2022).

3.1.2 HFAHIL FH“NECB”

2 RGNS P AT FEA R T 8%
FRBBAG IR, TEVEHGNE R BROG R HH Bk P 2 ) HE FEORH AR i)
TR AT DAHRTH H A S RGuEh i, PRI, 25 2 A )
25 NI I R 2 10 P T 0 B R B T
(AT SR, 76 24 81 BB PPl B A R i oA LA 6
BRI FR AR SZ B E A, a0 4 S el R iR
WK ) AR 7] #0338 (Outwelling), AT UIRAN
W R Z KRB CH R, BA S PN Bt i A K AR 48 7 1)
ANERR DTS TTRR. 1K L8l R BHE V Bl 5 24 i BT
e, SEWIC VNS RAEEAEE, W25t
XA A AE 25 2R 40 ) e~ A = ) R A

CER PO SR VAR HB TR o o B O s B Ry
CETV A R R AR AL T RO R N TR (Xiao %,
2024), JsE S FLEBR /K R b 2280 9 K T SRR )
k%, X A> A PR 32 BRI TR TR
[ 45 ()% (Sadat-Noori%, 2017; Chen%, 2021). ¥4 5%
AGiTE, ARRLM AR EL B IR M6 1% MK AR T AR AL
Bk (DIC) FHLE B85 (TA)TE Va1 B i Tk, HL2y ]
I AW 9] 28 4 7= JINPPHI63%A151%, Herf 2L Ak
TR A DIC ) HH 3 6 5t O 20 B L - s 4 i ok o5
3£ (Reithmaier®s, 2023). ¥ H KA HUBK 14N AT (5
F:NPPI{179%, DICHMifi#Z a5 114mmol m > d™'
(Champenoisf1Borges, 2021; Majtényi-Hill5%, 2023).
IXUEHF g T RIRAT, SR A T R B A i
i ORI DI RE Al AR, SEERR
& XA K A RO+ 2. BE20214F,
R e N 1) 1Y A S P S B R R B0 A 81 e 1 i
WEFHI 7% N NS, 2022). Rk, EALRE A Bk S M 3
R STV IR WE AR FCAS AT B () 2 B S I, AR X 3
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WE B VT A B B T DAE S R

CO,MICH &5 = AT [ B O HETH W6 o,
S WA TR USSP R DB I, VR R R s S
KR TR -5 R G AT R E K AR [ CO, A1 CH B
Ji(Liang%¥, 2024; Qin G M%%, 2024a). 4 BRI H &
SEATHENZ)0.47~1.41 TgffICH,, AT 1 XIHE 365
%, AFEN,OFE P 1 = Fiili = S AHE T HEH 2023 %~
27% MR A U (Rosentreter®, 2023). AN, #E
PIZEFF M CH H S E AR B, F KM ZEFHR
ICH, P AZZE T TR 2950%~70%(Jeffrey %, 2023).
JUE K AR B R 32 AT LA 2 40 ) CH, 1 7= 42 (La
&, 2022), {HIX I RHEE AR AT, N2 CH, 38K
FRY i 3 2K B JJ(COL, 3045 e A7), A8 IXIRBR TF Ak i
RN A% BB (MaZs, 2023; XiaoZs, 2024).

TC V8 R 5 VY PR AR 1) e 58 #8030 s i) KPR 2 [ il
PRI, ¥ X b S BT (GPP) IR, Wi IR 240
XEERRIRI L FR PTG R, K S R W Al 45
RPHERAYE. DRk, ARSCAA R 2 1L TR AR B G (1 LAtk
by I BIRRFE R 1) LA EE RGOS AR, #or
NECBHR, LIRS BRI PR K R (B2d). %
AR REHE 7RI T 2 UEIC I, AL AR R AR KR
CO, [Pl 5E « 7K ST B B A ) A0 das, DA K% 2 ) LA
= AT A IR KSR (B 20). X L 72 1 5 F

RETESRGRE ENZ R4 2 IR
i3, " UL AT giit
NECB = GPP - ER — LEX — FCH,, (1)

o, NECBAUZ 4 i B it &, GPPAIER S il S W14
HEPE AR R G, LEX(Lateral Exchange)/e 8
VRV IE M 5 VA ) B S R IRl RIS RORLAS
W VEMRASTR DA BE A CH,, FCH ARG
CH R, U486 T3, HEY A K&,

NECBR I AZ 0 A2 V52 100 Mo AN [R] ik e SZ 3t 2 1) ~F
i1, 9 Z AN IRUET I FE IS5 G RN, 5 R RO P4 1
RPERZENZS M. BINECBYFAN BRI 7] LA R B XS
I S, %7 EREIE TR EUR B Bk
PEAL, 78] A DX SR U ST B ) 4 S A B 1R (4

3.2 AMEAALRR G R T R s ?

—RBOAN, PO AR R E LS R G
TEIA IR R, B H A B SNER A, Jei
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5] 5E PRIk 2 1% AR 7 2R G0 P o A 1 ME — S AU (Yu
2, 2013; Lu%, 2017), ER &N T RGUSEMYIMHE IR
77, BAEREYRBFIAAE . SIRGAE IS 2, DL
BRI R B (Xiongs, 2018; Wang%:, 2024), IHT
L 6 1 FH T ] 7 P 7 224 VeV B Y1 (1)
NIER AR, ANFTREHAE S RS, IRHE o —
MgRhigz b X, HBRIRIEECN 2R, iR, BELH
0.20Pg kLA HLER(POC)H10.25 P& i A ML (DOC) H
P [ [ Y V4 HY (Hedges 2%, 1997; GalyZ%, 2015), T
H OR300 WL AT 2 AR SR AE Tl 11 R i i AR
BRI DU R P 1 20 M 44%, o rb ep [ S5 a0 4 H AR )
DURER 51580%, fir Tt 2 fe(Keil 5, 1997; Burdige,
2005). EeHTAE AL, H VR R TR AR A L
TR (K TR R T3 N 50%~75%(Li%%, 2023), #8251
DURRIRSR I B AN RSN, A BRI 20 MR H AT 30%
(R4 LR H i Hh 5T R (Zhang%:, 2024), X &R
T BB AR A H s P M R v T P IR AR ) B
A 61 ECAE (2018) 48 HH (13 By B Al e X, X R4
F P Bl VAT AR P B A S b R AR, WRCPE X3
BORAZ SR, 25 AR TR AZ S 40 B T K 32 SRV M b 7
FRW BRI ZE AR e P v i, AR i) . [,
TEAE GE il BRI 70 b, T AT Y (A3 350 20 B A I
FoRE RGBT I (Webb%E, 2019; Chi%s,
2020; Casas-RuizZ%, 2023), PN E X #E40 BRAE
R A KIS AE S RGP N I DTER, 2 R A
LU ) B L )

MAERBRAG I TR T, AT 46 R B =2 S T
PR K AR O ) BT A B &, R R K-SR A i
FE I 2 B R 4 (Bauer®s, 2013; Drake4, 2017). K
ZH M BN, PR AR A K-S ST RRCHE R A S K
AR ) RRGE F6 A2 Xof Pl 26 25 R GUbi I IR, 240X
73 B HETSORF 8 RO il BRI ) A, 3000 5 2 R AE
DX el i B 44 3 58 43 Bl DA il BT T R (Cole 55,
2007; Jonsson%, 2007; Liu S D%, 2022). [H I, ik itk
Z I 50 AR 2 N K Bl P AT R T RS, e 55U
%7 #7(Net Landscape Carbon Balance), #—2E1tit
Wi H BV P4t (Duvert ¥, 2020; Ran%F, 2022). 21, A
[Fi) 2 2 42 HA PRV R M Y 1) 5 SR 34 AR A HE VAT i
NP A3 AR, I et Rt - 7K A - 0 Y R 5 o A0 A 4
RKAE, T KA ) RE 1 B 28 U B R TR B —
EL(Webb%, 2019; Lauerwald®s, 2020). % T 7E i

BT A 5 UK S o BT B, RN 25 R B i b
HMNEBE LRI R 5T R (Qin G M%%, 2024b; Zhang%,
2024). WA RG IIRCEAT, LA K
SRR 2k, T AFRATI N, 16 1A TV 1 WA A 1 [X 45k
WRAZ SRR, 7 244 330 43 MR B th MR g Y vV b P
YT,

3.3 EIFRHIAER . € R

TRV b I 2 AT B T AR B ¢ 3 A I B B (RS
WU e, R T A R AR e b Ve Vi R M - A S
ARG T 17 i S S B . e v I T AR i Fr 3k
B RS LT LA R (1) EPRE L FH 5 4
Sk 7 A TR (Siikamaki%s, 2012; Liu%%, 2014); (2)
SRR R R B (R A, 2018; Liu C
2502022); (3) FT TEBEZIRAI(Maok, 2020;
Wang X X%, 2021). J5 &SRB E B s, mf
B R, A2 H R BN V2 HEHE I T AOR IR,
FE BRI AR R B AL F SE R, B A SR
KB IEN, BiAm . R, BT S0k
FORHL S AR . ARSI A, (A EE S
SE4s. WP HARE CAVCHC S ), TR IR B T AAE K
0 [ b S HR] I S 1) S s . AR, KR A8 B 5T
BB, KT LA M AR 3 A 24 38 R S e e L
FI 1R 5 Al ) P B SR AR R S A T K TR AR
V1 i 2 R TR R T I A A K e Bk ik

XH, BAVCE T AR S KR T E SR
M TR K, RTINS RV Tl SR R ) 25 R
K, LOA AR R VA ORI R W M T AR 4) I TR
195~359. 1031~3434188~227 1km> ¥t il P4 (1€13). H i
K HO 7T T2 S R 20 OR 6 A T AR R Mao %%
(2020)F1Wang X X%5(2021)%) 5)i#id Landsat 2015411
201841 P EE KR H B4R, HmiRanh
220~259F11900~2979km”. & Tigthim#a . A H &
i AL RGE RS LSRR R A S R EoR, T
BPR AR K BCA265km’ (425, 2023).

TRV b SR TR S T A A e ) R
HIgMAE. (BB RALY BT RLE I E BRiE i e X
N RARIIERN I, K A BB (¥, # 1E R Ei3h
(1, RIKBFIK, PASAGEA IS 7K R AN B I 6m 1) 7K X
. SR, Z%0E SURX AT BT ORESS, 78 58 486
R ARGV T T A R R A e . 4
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Liu C%,2022 @5 FIRER, 2012 i ®:e LiuZ,2014 @221
= 2979
576 P Mao%,2020 C
= Wang X X&,2021{ ———————————@) 1000 Meng#,2019 { ————————@s77
HIHHE 2021 @20 Ga0%.2016 @ "
Maoss2020 | ——————————————@2se lucmao | —— @ 85,2023 | —@us
Jiao%Z2018 | ———————————— @27 FARR%2016 @275 Fus 2021 @
—_— 1207
Liug201s | —————————— @ Hu.2021
Chen G W%,2022 @ 1154 Jiao%,2018
Wang X X&:,2021 220 . [
9 STRIE Zhang,2022 1099 E] TEER
Zhang,2022 195 Fus2021 1031 FBRIZES, 2013 o
0 100 200 300 400 0 1000 2000 3000 0 500 1000 1500 2000 2500
T (km?) &R (km?) TR (km?)
B3 YJEESEMEREEILS
BRI AFIRESE, 2012; HRIESE, 2013; Liugk, 2014; Gaoss, 2016; Ji /R 2%, 2016; fE& 555, 2018; MengZs, 2019; Mao%s, 2020; Fu’%,

2021; Hu%, 2021; Wang X X%, 2021; B18HA%E, 2021; Chen G W%, 2022; Liu C%5, 2022; Zhang%s, 2022; J&%%%%, 2023

1, AR BRI 2 A BT 5 Bl M REE, MNP 8 K TR]
bl SR s 0 s e G s 9 B X - 2 S o FIN (S
ik b 5 1) 22 28 A AR, TR TE VR HERR I 43 Y B
T MRSV b P a2 T T VAR R R 40 A A I KK T
DL B IR IR FE T 15 20~60m, 5% 5 U HILE f6m
LA BRUER Z 0. sEbr b, FAE19964F, FfifiAdE(1996)
O EVE IR A T W R S BN 60% L E
TRAEREI RS X . 7K ST T LA R 6m I i X
B, AFEIRREH B AR T, EOK s K
AT A & K DX R K K iR 2m B B K3k B 48, A
T DX 3 P (R 7K AL B0 PR A 5 L 1 TR PR 2 7K A
). BRIbZ Ah, IR R T 108 2R I
MoK ERRE . JEBRRAL, MM o5 S A S m e 2 1
BT T EATE.

R, TieREGE TS E b2
BT AERBEMERINRE M @ SRR AE =438 R AG EE
VR TR HER R 4. IX 3R LR RO AR 4 2B R
PRI, K28 A 2 e 2 1) 5 A, AT i sk
PrigdE 21 5 HIR 2 HBAE. Wang X X55(2020).:1 45
()32 5 R i s 5 ) DEM (B 7 v FE AR 78 y < S L 3% &
<5°, FVETTIAS0km P TEE PN, Mao%5(2020) k5 14
G A1) P B 7 10 15k, HEPE T TR /K IR 6m &5 IR 25 DL
W5 Liu YE5£(2022) MDA A 52 2008 7K FE P A A 11 X 3
DRI, FEAR I A R . X SER AT AR AR
FEVRHSE SCRRAESES, (B VR 313 ey b T AR
R ARAE A —5 BRibz 4, MREHE 59
T 25 18] B A AR A DA S /K SO R S R - 7K
SCHRAS T AR (0 A B Sk B FE SR LR MR A T AR H AT IE
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TR AR MR I A5 P A 22 B SRS (LA L, 2022; Liu Y
45, 2022), {H i FEIRIIL I E I RBRT. TATINA
AR KIS 2 2 38 o M R K A P8 4 R B AL R i b
Hn e, FT 8T RS BRI E
TR ST, WTRE St TR S5 BLATh
RERYE LSRR EHR I 2R RS R R, A4
HH B Rk 2 ARG T VR R 3 ) R SCRITTHT AR,

4 rpEEEERH AR IE T IR

B o e SN ER R Y R ==z 9 UM 2 L SN ESE AR O 7N
EL VR AR T R G0 RS ¥ B R WA 2 4y il S 78 1 AN
448¢C m™> a”'(Wang%, 2024). £id KRB FHES, R
ZEREIRAEZRENE N T, FEEEHAES R
48 R a4 B RS 11 91530GgC a™ ' (F1). MHELZF,
ZL AR AR RV A2 25 2 G0 T S5 Ak 1) OB SHL e 3 25 01 3 )
H163H1201gC m ™~ a”(Fus%, 2021), A6 ad )
20%~45%, ik F BRI GE /1 N641GgC a”', LN
AR SIHI42%(FK 1), IX B RS YA [ e ik
(1) — KB40 T B2 e Ik A 1) 22 s F2 i e A e, B
AR AREUR T, BRI PRUTAR S % 5 2
VRS RS 24(202¢C m ™7 a”)(Fus, 2021), {HET
HERS A PR, B A 71 54GeCa.

BEAL, CH N, OIHER R 735 68~103GgC a™'
#10.49~1.41GgN a”'(Hu%%, 2020; MaZk, 2023). &% &
CH,MHEGER, (BTG RIE A EERE, AR RAR
FE b VRIS PR 5 1428~1462GgC a™', KIY
T 414%~6% BRI
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F 1 HERISEGBRIECIVRY

ZH EAR PN *HiA ER it HH SRR
T (km?) 259 2979 265 3503 Mao%%, 2020; JA%%%E, 2023
A EE(C m ™ a™") 781 448 — —
s -1 . . . Wang?%, 2024
HAEBICRES1(GeC a™) 200 1330 — 1530
ISR E R (C m™ a) 163 201 202 — N
. 0 . . . . Fu%, 2021
IR AE /1 (GeC a™) 42 599 54 695
CH, M % (gC m™ a7 — — — 19.3~29.2 N N
) B . Hu%%, 2020; Ma%%, 2023
CH HEBH % (GeC a7) — — — 68~102
N,OHEBHZ (gN m™ a™") — — — 0.14~0.40
- N . Hu, 2020; Ma’%, 2023
N,OHEAUHEE(GgN a™) — — — 0.49~1.40

a) *, AW AR o L (9 T AREEAT ROBE e 545

SR, HF G T AR R R O AR
PR, H ATIEAR e HINECBR PG i i AR i, R
K EE L TR RS ok =, s
SN SE 2 TRV VA A 5.

5 JLERTH-ESHEH BRI R R AR

TR MBS D HE 1 VR HE S XU H b F) B2 N
A, AT T A RO E RN T
(MRt El4). — i, JERi A R R R A
RIS ZR ARSI H i, EEARKCCEBEIEEE,
N NIFTS R X, @A SRR HOR
Tt 55— J7 i, I R DG B AR A AR KR
HWAEBORIUE S ThRE, EAEEMZ PR T
BEVEVIFD Z REVESR T, N DHRFIANIRFD . & BRI
N BT SRR T T

5.0 iR G 45 6 TR PR i
5.1.1 JKOGEMEMEEE

16 0 5 ¥ 2 T 4D 7K S8 A2 Y 0 sk
WIS AR N ) B — B R OR 5 i (Kroeger 5%,
2017; Tram%%, 2022; Xiong%%, 2022). 4R /K IR
AR B DL R F A A A& S 2 3R 0L JeRI DA R4
FKEREIT 7R AN K R ), R BUE AR
MRk, B TR, AKOCEEMEREE AT LLRR Ik
Tt 1 S5 ik 1) P AR AR T 2B AT (1245 (Bagleds,
2022). T HAEKE T kg 1% K SCEE S, CO, M
CH, W HEBGER AR 3 1A 2], s B &K T

B8 2 Hi(Yang%s, 2020; Arias-Ortiz%, 2021). K,
PR R . BOE IR T RN K iR 5
V22 1) ) 7K SC I 8 T DA A 2550 S AL A A P ik 1
T, — M2 TR AL A LMD 35 VA I () 5T
&5, 2022). 2T, FREGFE IR, MAKCCRIKE S, +
AT MU TC LB U K b, AT R85 S0 I R
IR (1 POHE R (Ardon%E, 2017). Ak, TR A i A%
OGS R S FR PR 2 TR K AR R, R
TR AT RE, AT BRI CE S SRR K 2R (ArdonSE,
2017). Rk, B E 5 B HURRIC A RR SR I, &2
BUNSRAIRER, SR 5 1B WIS, i I8 3] — M K
P, TR AR R A BEIA B B AR IR IR
A(BurdenE, 2019).

5.1.2 FESLNHRARTG G X

LIRS T I K B RS G TE A JS 5 5
RS R A BB, BT AR 1 A
ff(Rabalais®%, 2014). F¢al 2% TKIAAEER K
MR RAES R, HASMEISFEE &, KIS
AR AL U (Larkum%, 2006; Liud%, 2017). WK EE
TSR B R BT, HE IS i R N a1
FAAA, TG G ml B 2 e B R AR K
W, SEGE R B 2 K (Burkholderds, 2007;
Waycott?%, 2009). [Kk, Em Lk Eai i X, @ik
N iR FIAE 7 AR S R P X, M@ A -PrEd 9 R
45, Al LA RO Bt bR N T S e, T 32
HIAKAI & B RS, BRACTS G sie A 4
RGN EEEW, $EREREH A S RENPIT G
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A B B R Mtk A0k I 35,

LNV i

A IKSCEE B
R 1371 {5 R X
L] 9 9
WML S, R AR BRI =,
WEATSESNY,  RTATEM S, WK
a " " 3
O 0 0 0 0 0 0 4
R TE LN S o avbds ST REPET "7
Saamk Penmmns L NTRE S
Y 5173 i% N T RFAEEE D
JEHS N GUEL L i 2o Ak

RN RN R ek R Y
B4 BSERRIESICHEAKS

I3, AR AE SR RS E

5.1.3 @RS

ISR — g & 7 A TR R B3 15K
W, A DA R N T A ae O e o gl >R 1) 47 T 5
Wil (Perkins%s, 2015). 556, I 7E#ESE B EAMU3EG
WAESBEE, AT A, SIS NEYRA
W2, WS AR E fE, AT AR 2 K 1 (Panss,
2022; LeFebre%, 2024). H IR, Wi 5K N IRIR
RE4ii), QIR Be R B AR V)RS5 1), DA/ VR R
a2, PRSI 02 ph A /1(Qin PAE, 2024). It
A, I ATTENGSE T B BN T I IS 5B A 44, (it
IKARFA) I3 (A8 4, 38 /K SO I, A BT B ki U
TS QIAE T R IR B, AT DU R PRIV b Y AR
Void S, AULE BRICBE I MR (Zhao%E, 2016;
JTEEE, 2022).

5.2 R H OB A A AR A T R
5.2.1 $RFHE DI A

TEVRHE S I R rh, B2 R IR R — A
BRBEEMIAT. AL RN S B T 5T E 4
tteEtE, W PR 71, A4 BRIC RE
Ji. —RORUE, BRICEE 1 SRR 2 R E B
(Rahman%¥, 2021). HHFFAEY, LIP3 BIOKER
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TR = R R ZH R ER VR TR 10 B T B e
P53 VR 245 22 (Wang 2, 2024). R, 78T i s
SIS, STEYIR RV RS T AT U R 5 W
. R Rk R, METATR AR A Z
FEPEVEAS 25 5, G URTMmE AR, JEM 1 5,
DR Hb i B b BN AR S R G e MR D RE 2 e L)
Vi, ST BRI AR M, SRR B R PR B B s
e

522 N TAAh AR

I N TR Bl R B B8 2 7 3R] DAAE SR
(B N K B R aa M A, VR N TAE B R i
PR ZIBE TR —, ALK, ERR
AR =M AR REYEA TR, AR A2k
ST M, ERBE B G AR, @it A
TARME 3B PR DL KA 2% 55 T X0k 38 9 i AR A B A R
Hel, FECEFRE TR ZHET N TRF. BRI
HHEMEE TR, Flhn, <R ETIEE L 5T shit
R <FE LA A A T DA R4 [ A S R GRS
Az B K TR SRR (2021~20354F) 4%

523 ‘EmAEWREGM

M TR AR AT LA I T A s Ak il 26 10 A2
WA BRI [ Vg S b NN SR T 5
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B, SCR YA Y A BRI A T B (Xie 4,
2017; Zheng%, 2018; Chen G Z%%, 2022). A INFEFT ]
TR TR A A T T A R T A1 s e T SR A T T
B, FEERRT LIRAL IR EE AR AL RE J1(Liu%E, 2010). 2E4)
TRUSINAT LA 8 o B, FRAIC AT A8 He 4 2 1 i a1
LIRS, A B TR R A A KA L R R (1)
TR E (TangZs, 2020; Zhao%%, 2020). Wt KB, 1Em%
VAR AN P 2 REAT R Ak S, FOBK [ E e
BN T 133%F112%, F&T A A B VPAl, AR
T A AN AR (R T LAY /D 137~175kg B COL HET
(Chen G Z%%, 2022).

524 EHbEL IR

VI I 1 P R KON AR P E RV b A S R GRS
ThRE. £ 28Ik /K 32 5 AR b rb ) A vy 1 6 B vt
AP0 R0 Ak A 0 1) A B A S R P A 3R 4 B 3B (Neu-
bauerZs, 2013; Herbert?:, 2015). BEEH/KNIR, %K
10 Hh B R SR 08 R R T S AR R E BB AL
(H,S) ¥ % A W 7 7= A8 B3 F 1 H (Hopfenspergers%,
2014). R T 2 G SR UTRA R I S A 4 o it i
X, SEOUBBRIIR AR (Dangds, 2019; Huangss,
2021). BRI, JE I o 3 e sk A RS R K i B
BE 113 K N AR FT DAAG R0 A 25 20 R ZK A A4 26 K 1
i, PRFHEE EA R, IRV, R
K, Yt 3 ) B A S S, A B TR R
VIR BRI o fEAE LRI AR B, kI R - e
AV A K FBEE I (MaZs, 2017). Zhao%5(2018)
TEBE] = AN — T L se st g8 R W, 5INRKG
PR g Sk LIANLIER. 2 A WU ANV
B BB B B TR AL IR . ek, oK E ]
DA Sk 25 19 0 v U M 0 SR R B e D, SR A
K E B FRAEH (XusE, 2022).

6 WHrifER

VR BRI TT M AL 0020 R R B, Rl 1 A
MHIEFETT ) BEARIE R T i EARAAAE &) . T
ARSCHIPFR N, AW FUE BN EIEL T LA
T IR

(1) Inssis e TR W) 15 i e 2 TRD R 7 Tk 5 46t
WETE. R I B A fh i R A VS S M B P PP 09

HEM O, T R RO R R, 2 R
BilE, HYARFMGERRZ. AR T D)
KSR (Ui V8 8 FRE AN AR SCEA AU 38) . L3RR
ERROAR B AR AR A 20« ARUE B R 7 3R LA S WL s
O] E BT B, MR R TR I R R (R R A
O RANRICEBR TR, JFBHIA F A5 0
KA. XL U B IR U I R A A A
PRSIy T 2R R B Rk, ARV A B
PRI 7T LA S DX SR 4 Tofefty S5 75 T 2 24 42 o RO B A
B SURESIWAPSE S

(2) HEB I B A L R T R 2% ST, H R
o [ 28 A RIS I i PR B PR R X T A
BRGRMENF D, IRE 7 AEBRRE EXHEEE
HoOB A B AR AR, BRI, ROk AR 2T
X2 A A R G (IR AR R GRS E L)
A LR, A g X I A BRI B A R
DR, s WA A U M | 38 L A A6
LES TS NERAYIE Ve

(3) FFEETT R UTRR B FEAN Bk A7 (1) AL T 7.

RUE OBV S, (B A5 B
SEME, B AT As BT AT SR AR AR KA 2
P, SRS IR TR R BT AT, Rl R
TR AT ALAR 2 2 45 T BOH TR P 1) e 3 11
B 2R AE AT AR HOURI IO, LA A2 e S M AR Ak, i
ST TS5 A R 1) R 7 B8 O REA TR R

(4) JFREAIATWME TRAMEE T BO R
R R RN A G IR & S A R TS S A E A
FAFN A A TR B 5T BOGHE I Hh AR 4 A
Ko KB DI RPIRUS FE e, 45 ANECBLE &
P IX SR FRAES RGUEHILSN. FHit—5
i 3 B A A (19 v C S TR AR AE DA T H ) A sz A
AL (B UIREDD), #NECB AN fi 14 L4 it 44
NZERK R AN EREE, 0] RO SR AR ARG g
%, BT R A S RGO A ERAR A A e
AL

(5) FvEVE R X Hpl AR S RS R BRIRIC AL, B
BTKER AT R E T LR, R Mg SR
ARG, SR, R X AR RS, WimiME. 5
1 R D R 7 E A O B YRV R AE L TR B & K
T R o A A, AR R R T

1467



FARIu A SRR IUR: BR . 7 R B g1

Moz, B AR SR B 7, ROR TR s R =S
PRHEBCRBR I B /) SR RE HOWEFE. BEAh, il AN
s, DAL IRAE A UL SRBRIE I AFAE — BAFAE S, iR
NS XX e A R ST T LAY R S R AL
Julk, SET BB TP AR ). B, N LOR
B 3R R H At 32 N D T SR M R BRI IR S BN B
7%, A S R W] REAE IR Z A 3, {EAE Xk
BRSSP I AEAE AL, R M I AT 7E X 255 Bk
I R BRI RS A Bl T T i i e iV ) g
IIRSYESYHIN

(6) FRAMIEBRAEIR h A KD RS DL R IR 5
ERHks. BUAEYIAERRAOG A B DT AT CHL AN, O FF
JEOE EATIRAFAE BRI AR AL, ARRAML T A4 il
PEMIRI . P B AN AR EAR A KT
XEBRI 73R Al A7 AN AL B LIREAT IR TE,
AR it N SR A P BR AL R A 5K 1 CHL AN, O HE T
BALWTTT, DASE s iy AR P Al AR 1. b, e
PR T KR, 38 R AN EEBOK, T AE
7RV B 7 AR A 25 X ARORMIE T AT R 2
BEEEEOAR, G w0 PR 20N e R, 7
IR PR 3R SR APl ST BRI ) A 3 SR

S5 30k

BN, 2Rz, AR 2022, LLRERRORI R 77 I 6] B K A8 i T2 2.
HBILTE ). HhERFLAEE R, 37: 881-898

R, ORYEIR, 25, HERE, B, YN, e 2022 HE
WG B8, HAR SARkE. PEREBRET, 38: 492-
503

PUURA, T8, BAEE, HEA, BEM. 2021, MR TR REH
P 1 o [ ZE AR AR SO A8 40 43 H7. BH TR, 66: 3886-3901

fEak, BT, TOKW, XL, SKEE, TkBl, B, B, B
AR, L, RE, RARR, 258, WOLE, EANE, ™R, $R)
R, Tk, T, Walih, B, WM, T, EA, TR
e, SRAE. 2018, A [EHE S ARIE X Ik i 5 B 45 A 40 i, R R
2 HhERRL 2 48: 1393-1421

BRZE, RUIH, B8, R, 7. 2022, TS0k R R
TR BRI SR R A BT, W IR EE R, 41: 32-39, 58

Wi gk fE. 1996, Hh EEIHE ML 4326, SR BIR, (1): 12

AR, SRS, TR, ShoCiE, R, L, B, 2RO,
s, M, HZE, MIREE, I3, T3k, 2208, Maish, 776, Mok
), BR A, B, mNL, R, O, E4O, HikE, K
J5, A, B EA, B, 7, NS, 2012, 1978~20084 H1 &

1468

IR AL, BLAIE, 57: 1400-1411

JEEIR, R, BTV, MEE, R, iR, R, FRu
2018. A B IVRFENE S BF AT E A R AE A SR E P
RLA. APEAREE: HhERELE, 48: 661-670

EVED, SR, HHEYE, )20k, 2021, EEE IR 8 CBRIT
RE S M 3. P E R 22 B BE T, 36: 241-251

ToHE, MRR, KO 2022, PERRIEIE. BRAFIATS) 708 23R
WL P E AR R T, 37: 423434

AL, B e, JERE, dAE. 2013, PRSI 2R A0 AR
. MR, 21: 517-526

JERS, BEM, R, KM, JKW, 221, 2016. o E A R
AR RGBS AT, FEEEE ek, 460 475-
486

JB, TLENE, BRI, SR, IRAFR, TKIRHE, XIRAMK, 25000, =
Zd, AR, B, T, ARE, W, FERE. 2023, IE
BESE S AMIVR . BB S R 5. WS ENE, 54
1248-1257

Alongi D M. 2014. Carbon cycling and storage in mangrove forests.
Annu Rev Mar Sci, 6: 195-219

Ardon M, Helton A M, Scheuerell M D, Bernhardt E S, Zak D R,
Peralta A L. 2017. Fertilizer legacies meet saltwater incursion:
Challenges and constraints for coastal plain wetland restoration.
Elementa-Sci Anthrop, 5: 41

Arias-Ortiz A, Oikawa P Y, Carlin J, Masqué P, Shahan J, Kanneg S,
Paytan A, Baldocchi D D. 2021. Tidal and nontidal marsh
restoration: A trade-off between carbon sequestration, methane
emissions, and soil accretion. J Geophys Res-Biogeo, 126:
€2021JG006573

Armstrong McKay D I, Staal A, Abrams J F, Winkelmann R,
Sakschewski B, Loriani S, Fetzer I, Cornell S E, Rockstrom J,
Lenton T M. 2022. Exceeding 1.5°C global warming could trigger
multiple climate tipping points. Science, 377: eabn7950

Bauer J E, Cai W J, Raymond P A, Bianchi T S, Hopkinson C S,
Regnier P A G. 2013. The changing carbon cycle of the coastal
ocean. Nature, 504: 61-70

Burden A, Garbutt A, Evans C D. 2019. Effect of restoration on
saltmarsh carbon accumulation in Eastern England. Biol Lett, 15:
20180773

Burdige D J. 2005. Burial of terrestrial organic matter in marine
sediments: A re-assessment. Glob Biogeochem Cycle, 19:
GB002368

Burkholder J A M, Tomasko D A, Touchette B W. 2007. Seagrasses and
eutrophication. J Exp Mar Biol Ecol, 350: 46-72

Casas-Ruiz J P, Bodmer P, Bona K A, Butman D, Couturier M,
Emilson E J S, Finlay K, Genet H, Hayes D, Karlsson J, Paré D,
Peng C, Striegl R, Webb J, Wei X, Ziegler S E, del Giorgio P A.


https://doi.org/10.1146/annurev-marine-010213-135020
https://doi.org/10.1525/elementa.236
https://doi.org/10.1029/2021JG006573
https://doi.org/10.1126/science.abn7950
https://doi.org/10.1038/nature12857
https://doi.org/10.1098/rsbl.2018.0773
https://doi.org/10.1029/2004GB002368
https://doi.org/10.1016/j.jembe.2007.06.024

rPEBNE: HIEREYE 2025 4F 55 % A5

2023. Integrating terrestrial and aquatic ecosystems to constrain
estimates of land-atmosphere carbon exchange. Nat Commun, 14:
1571

Champenois W, Borges A V. 2021. Net community metabolism of a
Posidonia oceanica meadow. Limnol Oceanogr, 66: 2126-2140

Chen GW,JinRJ,YeZJ,LiQ,GuJL, LuoM, Luo Y M, Christakos
G, Morris J, He J Y, Li D, Wang H W, Song L, Wang Q X, Wu J P.
2022. Spatiotemporal mapping of salt marshes in the intertidal zone
of China during 1985-2019. J Remote Sens, 2022: 9793626

Chen G Z, Bai J H, Yu L, Chen B, Zhang Y, Liu G Y, Wang W. 2022.
Effects of ecological restoration on carbon sink and carbon
drawdown of degraded salt marshes with carbon-rich additives
application. Land Degrad Dev, 33: 2103-2114

Chen X G, Santos I R, Call M, Reithmaier G M S, Maher D, Holloway
C, Wadnerkar P D, Gomez-Alvarez P, Sanders C J, Li L. 2021. The
mangrove CO, pump: Tidally driven pore-water exchange. Limnol
Oceanogr, 66: 1563—-1577

Chi J S, Nilsson M B, Laudon H, Lindroth A, Wallerman J, Fransson J
E S, Kljun N, Lundmark T, Ottosson Lofvenius M, Peichl M. 2020.
The net landscape carbon balance—Integrating terrestrial and
aquatic carbon fluxes in a managed boreal forest landscape in
Sweden. Glob Change Biol, 26: 2353-2367

Cole J J, Prairie Y T, Caraco N F, McDowell W H, Tranvik L J, Striegl
R G, Duarte C M, Kortelainen P, Downing J A, Middelburg J J,
Melack J. 2007. Plumbing the global carbon cycle: Integrating
inland waters into the terrestrial carbon budget. Ecosystems, 10:
172-185

Cotovicz Jr. L C, Abril G, Sanders C J, Tait D R, Maher D T, Sippo J Z,
Holloway C, Yau Y Y Y, Santos I R. 2024. Methane oxidation
minimizes emissions and offsets to carbon burial in mangroves. Nat
Clim Change, 14: 275-281

Cui X W, Liang J, Lu W Z, Chen H, Liu F, Lin G X, Xu FH, Luo Y Q,
Lin G H. 2018. Stronger ecosystem carbon sequestration potential of
mangrove wetlands with respect to terrestrial forests in subtropical
China. Agric For Meteorol, 249: 71-80

Dang C, Morrissey E M, Neubauer S C, Franklin R B. 2019. Novel
microbial community composition and carbon biogeochemistry
emerge over time following saltwater intrusion in wetlands. Glob
Change Biol, 25: 549-561

Deegan L A, Johnson D S, Warren R S, Peterson B J, Fleeger J W,
Fagherazzi S, Wollheim W M. 2012. Coastal eutrophication as a
driver of salt marsh loss. Nature, 490: 388-392

DeLaune R D, White J R. 2012. Will coastal wetlands continue to
sequester carbon in response to an increase in global sea level?: A
case study of the rapidly subsiding Mississippi river deltaic plain.
Clim Change, 110: 297-314

Donato D C, Kauffman J B, Murdiyarso D, Kurnianto S, Stidham M,
Kanninen M. 2011. Mangroves among the most carbon-rich forests
in the tropics. Nat Geosci, 4: 293-297

Drake T W, Raymond P A, Spencer R G M. 2017. Terrestrial carbon
inputs to inland waters: A current synthesis of estimates and
uncertainty. Limnol Oceanogr Lett, 3: 132—-142

Duarte C M, Losada I J, Hendriks I E, Mazarrasa I, Marba N. 2013. The
role of coastal plant communities for climate change mitigation and
adaptation. Nat Clim Change, 3: 961-968

Duvert C, Hutley L B, Beringer J, Bird M I, Birkel C, Maher D T,
Northwood M, Rudge M, Setterfield S A, Wynn J G. 2020. Net
landscape carbon balance of a tropical savanna: Relative importance
of fire and aquatic export in offsetting terrestrial production. Glob
Change Biol, 26: 5899-5913

Eagle M J, Kroeger K D, Spivak A C, Wang F M, Tang J W, Abdul-
Aziz O 1, Ishtiag K S, O’Keefe Suttles J, Mann A G. 2022. Soil
carbon consequences of historic hydrologic impairment and recent
restoration in coastal wetlands. Sci Total Environ, 848: 157682

Fischer E M, Knutti R. 2015. Anthropogenic contribution to global
occurrence of heavy-precipitation and high-temperature extremes.
Nat Clim Change, 5: 560-564

Fourqurean J W, Duarte C M, Kennedy H, Marba N, Holmer M, Mateo
M A, Apostolaki E T, Kendrick G A, Krause-Jensen D, McGlathery
K J, Serrano O. 2012. Seagrass ecosystems as a globally significant
carbon stock. Nat Geosci, 5: 505-509

FuCC,LiY, Zeng L, Zhang H B, Tu C, Zhou Q, Xiong K X, WuJ P,
Duarte C M, Christie P, Luo Y M. 2021. Stocks and losses of soil
organic carbon from Chinese vegetated coastal habitats. Glob
Change Biol, 27: 202-214

Galy V, Peucker-Ehrenbrink B, Eglinton T. 2015. Global carbon export
from the terrestrial biosphere controlled by erosion. Nature, 521:
204-207

Gao Y, Yu GR, Yang T T, Jia Y L, He N P, Zhuang J. 2016. New
insight into global blue carbon estimation under human activity in
land-sea interaction area: A case study of China. Earth-Sci Rev, 159:
3646

Han G X, Chu X J, XingQ H,LiD J, Yu ] B, Luo Y Q, Wang G M,
Mao P L, Rafique R. 2015. Effects of episodic flooding on the net
ecosystem CO, exchange of a supratidal wetland in the Yellow
River Delta. J Geophys Res-Biogeo, 120: 1506-1520

Hedges J 1, Keil R G, Benner R. 1997. What happens to terrestrial
organic matter in the ocean? Org Geochem, 27: 195-212

Herbert E R, Boon P, Burgin A J, Neubauer S C, Franklin R B, Ardon
M, Hopfensperger K N, Lamers L P M, Gell P. 2015. A global
perspective on wetland salinization: Ecological consequences of a

growing threat to freshwater wetlands. Ecosphere, 6: 1-43

1469


https://doi.org/10.1038/s41467-023-37232-2
https://doi.org/10.1002/lno.11724
https://doi.org/10.34133/2022/9793626
https://doi.org/10.1002/ldr.4306
https://doi.org/10.1002/lno.11704
https://doi.org/10.1002/lno.11704
https://doi.org/10.1111/gcb.14983
https://doi.org/10.1007/s10021-006-9013-8
https://doi.org/10.1038/s41558-024-01927-1
https://doi.org/10.1038/s41558-024-01927-1
https://doi.org/10.1016/j.agrformet.2017.11.019
https://doi.org/10.1111/gcb.14486
https://doi.org/10.1111/gcb.14486
https://doi.org/10.1038/nature11533
https://doi.org/10.1007/s10584-011-0089-6
https://doi.org/10.1038/ngeo1123
https://doi.org/10.1002/lol2.10055
https://doi.org/10.1038/nclimate1970
https://doi.org/10.1111/gcb.15287
https://doi.org/10.1111/gcb.15287
https://doi.org/10.1016/j.scitotenv.2022.157682
https://doi.org/10.1038/nclimate2617
https://doi.org/10.1038/ngeo1477
https://doi.org/10.1111/gcb.15348
https://doi.org/10.1111/gcb.15348
https://doi.org/10.1038/nature14400
https://doi.org/10.1016/j.earscirev.2016.05.003
https://doi.org/10.1002/2015JG002923
https://doi.org/10.1016/S0146-6380(97)00066-1
https://doi.org/10.1890/ES14-00534.1

FARIu A SRR IUR: BR . 7 R B g1

Hopfensperger K N, Burgin A J, Schoepfer V A, Helton A M. 2014.
Impacts of saltwater incursion on plant communities, anaerobic
microbial metabolism, and resulting relationships in a restored
freshwater wetland. Ecosystems, 17: 792-807

Hu M J, Sardans J, Yang X Y, Pefuelas J, Tong C. 2020. Patterns and
environmental drivers of greenhouse gas fluxes in the coastal
wetlands of China: A systematic review and synthesis. Environ Res,
186: 109576

HuY K, Tian B, Yuan L, Li X Z, Huang Y, Shi R H, Jiang X Y, Wang L
H, Sun C. 2021. Mapping coastal salt marshes in China using time
series of Sentinel-1 SAR. ISPRS J Photogramm Remote Sens, 173:
122-134

Huang L B, Zhang G L, Bai J H, Xia Z J, Wang W, Jia J, Wang X, Liu
X H, Cui B S. 2021. Desalinization via freshwater restoration highly
improved microbial diversity, co-occurrence patterns and functions
in coastal wetland soils. Sci Total Environ, 765: 142769

IPCC. 2021. The Physical Science Basis: Contribution of Working
Group I to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change. Technical Report. Climate Change.
Cambridge, United Kingdom and New York, United States

Iram N, Maher D T, Lovelock C E, Baker T, Cadier C, Adame M F.
2022. Climate change mitigation and improvement of water quality
from the restoration of a subtropical coastal wetland. Ecol Appl, 32:
€2620

Jackson R B, Lajtha K, Crow S E, Hugelius G, Kramer M G, Pifieiro G.
2017. The ecology of soil carbon: Pools, vulnerabilities, and biotic
and abiotic controls. Annu Rev Ecol Evol Syst, 48: 419-445

James K, Macreadie P I, Burdett H L, Davies I, Kamenos N A. 2024.
It’s time to broaden what we consider a ‘blue carbon ecosystem’.
Glob Change Biol, 30: 17261

Jeffrey L C, Moras C A, Tait D R, Johnston S G, Call M, Sippo J Z,
Jeffrey N C, Laicher-Edwards D, Maher D T. 2023. Large methane
emissions from tree stems complicate the wetland methane budget. J
Geophys Res-Biogeo, 128: €2023JG007679

Jonsson A, Algesten G, Bergstrom A K, Bishop K, Sobek S, Tranvik L
J, Jansson M. 2007. Integrating aquatic carbon fluxes in a boreal
catchment carbon budget. J Hydrol, 334: 141-150

Kathilankal J C, Mozdzer T J, Fuentes J D, D’Odorico P, McGlathery K
J, Zieman J C. 2008. Tidal influences on carbon assimilation by a
salt marsh. Environ Res Lett, 3: 044010

Keil R G, Mayer L M, Quay P D, Richey J E, Hedges J I. 1997. Loss of
organic matter from riverine particles in deltas. Geochim Cosmo-
chim Acta, 61: 1507-1511

Komada T, Burdige D J, Li H L, Magen C, Chanton J P, Cada A K.
2016. Organic matter cycling across the sulfate-methane transition

zone of the Santa Barbara Basin, California Borderland. Geochim

1470

Cosmochim Acta, 176: 259-278

Kroeger K D, Crooks S, Moseman-Valtierra S, Tang J. 2017. Restoring
tides to reduce methane emissions in impounded wetlands: A new
and potent blue carbon climate change intervention. Sci Rep, 7:
11914

LaW,Han XK, LiuCQ,DingH,LiuM X, SunFS,LiSL, Lang Y C.
2022. Sulfate concentrations affect sulfate reduction pathways and
methane consumption in coastal wetlands. Water Res, 217: 118441

Larkum A W D, Orth R J, Duarte C M. 2006. Seagrasses: Biology,
Ecology and Conservation. Dordrecht: Springer Netherlands. 676

Lauerwald R, Regnier P, Guenet B, Friedlingstein P, Ciais P. 2020.
How simulations of the land carbon sink are biased by ignoring
fluvial carbon transfers: A case study for the Amazon Basin. One
Earth, 3: 226-236

LeFebre B, Saye P, Henkel J S. 2024. A report on the artificial reef use
in Grenada, West Indies. JMSE, 12: 253

Li X, Liu G. 2022. Study on the change monitoring of typical estuarine
wetland and its effect on ecological factors in Bohai Rim region,
China. Front Ecol Evol, 10: 967593

LiY, Fu C C, HuJ, Zeng L, Tu C, Luo Y M. 2023. Soil carbon,
nitrogen, and phosphorus stoichiometry and fractions in blue carbon
ecosystems: Implications for carbon accumulation in allochthonous-
dominated habitats. Environ Sci Technol, 57: 5913-5923

Liang W Z, Chen X G, Chen Z L, Zhu P Y, Huang Z Y, LiJ S, Wang Y
T, Li L, He D. 2024. Unraveling the impact of Spartina alterniflora
invasion on greenhouse gas production and emissions in coastal
saltmarshes: New insights from dissolved organic matter character-
istics and surface-porewater interactions. Water Res, 262: 122120

LiuC, Liu G Y, Casazza M, Yan N Y, Xu L Y, Hao Y, Franzese P P,
Yang Z F. 2022. Current status and potential assessment of China’s
ocean carbon sinks. Environ Sci Technol, 56: 6584-6595

Liu EK, Yan CR, Mei X R, He W Q, Bing S H, Ding L P, Liu Q, Liu S,
Fan T L. 2010. Long-term effect of chemical fertilizer, straw, and
manure on soil chemical and biological properties in northwest
China. Geoderma, 158: 173180

Liu H X, Ren H, Hui D F, Wang W Q, Liao B W, Cao Q X. 2014.
Carbon stocks and potential carbon storage in the mangrove forests
of China. J Environ Manage, 133: 86-93

Liu S D, Kuhn C, Amatulli G, Aho K, Butman D E, Allen G H, Lin P,
Pan M, Yamazaki D, Brinkerhoff C, Gleason C, Xia X H, Raymond
P A. 2022. The importance of hydrology in routing terrestrial carbon
to the atmosphere via global streams and rivers. Proc Natl Acad Sci
USA, 119: €2106322119

Liu S L, Jiang Z J, Wu Y C, Zhang J P, Arbi I, Ye F, Huang X P,
Macreadie P 1. 2017. Effects of nutrient load on microbial activities

within a seagrass-dominated ecosystem: Implications of changes in


https://doi.org/10.1007/s10021-014-9760-x
https://doi.org/10.1016/j.envres.2020.109576
https://doi.org/10.1016/j.isprsjprs.2021.01.003
https://doi.org/10.1016/j.scitotenv.2020.142769
https://doi.org/10.1002/eap.2620
https://doi.org/10.1146/annurev-ecolsys-112414-054234
https://doi.org/10.1111/gcb.17261
https://doi.org/10.1029/2023JG007679
https://doi.org/10.1029/2023JG007679
https://doi.org/10.1016/j.jhydrol.2006.10.003
https://doi.org/10.1088/1748-9326/3/4/044010
https://doi.org/10.1016/S0016-7037(97)00044-6
https://doi.org/10.1016/S0016-7037(97)00044-6
https://doi.org/10.1016/j.gca.2015.12.022
https://doi.org/10.1016/j.gca.2015.12.022
https://doi.org/10.1038/s41598-017-12138-4
https://doi.org/10.1016/j.watres.2022.118441
https://doi.org/10.1016/j.oneear.2020.07.009
https://doi.org/10.1016/j.oneear.2020.07.009
https://doi.org/10.3390/jmse12020253
https://doi.org/10.3389/fevo.2022.967593
https://doi.org/10.1021/acs.est.3c00012
https://doi.org/10.1016/j.watres.2024.122120
https://doi.org/10.1021/acs.est.1c08106
https://doi.org/10.1016/j.geoderma.2010.04.029
https://doi.org/10.1016/j.jenvman.2013.11.037
https://doi.org/10.1073/pnas.2106322119
https://doi.org/10.1073/pnas.2106322119

rPEBNE: HIEREYE 2025 4F 55 % A5

seagrass blue carbon. Mar Pollut Bull, 117: 214-221

Liu Y, Zhang H Q, Zhang M, Cui Z Y, Lei K X, Zhang J, Yang T D, Ji
P. 2022. Vietnam wetland cover map: Using hydro-periods Sentinel-
2 images and Google Earth Engine to explore the mapping method
of tropical wetland. Int J Appl Earth Obs Geoinf, 115: 103122

LuW Z, Xiao J F, Liu F, Zhang Y, Liu C A, Lin G H. 2017. Contrasting
ecosystem CO, fluxes of inland and coastal wetlands: A meta-
analysis of eddy covariance data. Glob Change Biol, 23: 1180—
1198

Ma Z H, Lu M, Jin H, Sheng X J, Wei H, Yang Q, Qi L L, Huang J X,
Chen L D, Dou X L. 2023. Greenhouse gas emissions and
environmental drivers in different natural wetland regions of China.
Environ Pollut, 330: 121754

Ma Z W, Zhang M X, Xiao R, Cui Y, Yu F H. 2017. Changes in soil
microbial biomass and community composition in coastal wetlands
affected by restoration projects in a Chinese delta. Geoderma, 289:
124-134

Macreadie P I, Costa M D P, Atwood T B, Friess D A, Kelleway J J,
Kennedy H, Lovelock C E, Serrano O, Duarte C M. 2021. Blue
carbon as a natural climate solution. Nat Rev Earth Environ, 2: 826—
839

Maher D T, Santos I R, Golsby-Smith L, Gleeson J, Eyre B D. 2013.
Groundwater-derived dissolved inorganic and organic carbon
exports from a mangrove tidal creek: The missing mangrove carbon
sink? Limnol Oceanogr, 58: 475-488

Majtényi-Hill C, Reithmaier G, Yau Y Y Y, Serrano O, Pifieiro-Juncal
N, Santos I R. 2023. Inorganic carbon outwelling from a
Mediterranean seagrass meadow using radium isotopes. Estuar
Coast Shelf Sci, 283: 108248

Mao D H, Wang ZM, DuB J,Li L, Tian Y L, Jia M M, Zeng Y, Song
K S, Jiang M, Wang Y Q. 2020. National wetland mapping in China:
A new product resulting from object-based and hierarchical
classification of Landsat 8 OLI images. ISPRS J Photogramm
Remote Sens, 164: 11-25

Meng W Q, Feagin R A, Hu B B, He M X, Li H Y. 2019. The spatial
distribution of blue carbon in the coastal wetlands of China. Estuar
Coast Shelf Sci, 222: 13-20

Mossman H L, Pontee N, Born K, Hill C, Lawrence P J, Rae S, Scott J,
Serato B, Sparkes R B, Sullivan M J P, Dunk R M, Kim D. 2022.
Rapid carbon accumulation at a saltmarsh restored by managed
realignment exceeded carbon emitted in direct site construction.
PLoS ONE, 17: €0259033

Neubauer S C, Franklin R B, Berrier D J. 2013. Saltwater intrusion into
tidal freshwater marshes alters the biogeochemical processing of
organic carbon. Biogeosciences, 10: 8171-8183

Nowicki M, DeVries T, Siegel D A. 2022. Quantifying the carbon

export and sequestration pathways of the ocean’s biological carbon
pump. Glob Biogeochem Cycle, 36: GB007083

Pan Y, Tong H H, Wei D Z, Xiao W Q, Xue D W. 2022. Review of
structure types and new development prospects of artificial reefs in
China. Front Mar Sci, 9: 853452

Perkins M J, Ng T P T, Dudgeon D, Bonebrake T C, Leung K M Y.
2015. Conserving intertidal habitats: What is the potential of
ecological engineering to mitigate impacts of coastal structures?
Estuar Coast Shelf Sci, 167: 504-515

Piao S L, Fang J Y, Ciais P, Peylin P, Huang Y, Sitch S, Wang T. 2009.
The carbon balance of terrestrial ecosystems in China. Nature, 458:
1009-1013

Piao S L, Wang X H, Park T, Chen C, Lian X, He Y, Bjerke ] W, Chen
A, Ciais P, Temmervik H, Nemani R R, Myneni R B. 2020.
Characteristics, drivers and feedbacks of global greening. Nat Rev
Earth Environ, 1: 14-27

QinG M, LuZ,Gan S C, Zhang L L, WuJ T, Sanders CJ, He Z L, Yu
X L, Zhang J F, Zhou J G, Ding RY, Huang X Y, Chen H, He H, Yu
M X, Li H, Wang F M. 2024a. Fiddler crab bioturbation stimulates
methane emissions in mangroves: Insights into microbial mechan-
isms. Soil Biol Biochem, 194: 109445

QinGM, Lu Z, Gan S C, Zhang L L, Zhang J F, Zhou J G, Ding R Y,
Huang X Y, Chen H, He H, Yu M X, Li H, Lovelock C E, Wang F
M. 2024b. Fate of soil organic carbon in estuarine mangroves:
Evidences from stable isotopes and lignin biomarkers. Catena, 246:
108401

Qin P, Jiang Y, Cheng C M. 2024. How do structural safety, ecological
functions and social development influence construction of
ecological seawalls for coastal protection and sustainability? Water
Resour Manage, 38: 1807-1824

Rabalais N, Cai W J, Carstensen J, Conley D, Fry B, Hu X, Quifiones-
Rivera Z, Rosenberg R, Slomp C, Turner E, Voss M, Wissel B,
Zhang J. 2014. Eutrophication-driven deoxygenation in the coastal
ocean. Oceanography, 27: 172-183

Rahman M M, Zimmer M, Ahmed I, Donato D, Kanzaki M, Xu M.
2021. Co-benefits of protecting mangroves for biodiversity
conservation and carbon storage. Nat Commun, 12: 3875

Ran L S, Wang X H, Li SL, Zhou Y Y, Xu Y J, Chan C N, Fang N F,
Xin Z B, Shen H X. 2022. Integrating aquatic and terrestrial carbon
fluxes to assess the net landscape carbon balance of a highly
erodible semiarid catchment. J Geophys Res-Biogeo, 127:
€2021JG006765

Reithmaier G M S, Cabral A, Akhand A, Bogard M J, Borges A V,
Bouillon S, Burdige D J, Call M, Chen N W, Chen X G, Cotovicz Jr.
L C, Eagle M J, Kristensen E, Kroeger K D, Lu Z Y, Maher D T,
Pérez-Lloréns J L, Ray R, Taillardat P, Tamborski J J, Upstill-

1471


https://doi.org/10.1016/j.marpolbul.2017.01.056
https://doi.org/10.1016/j.jag.2022.103122
https://doi.org/10.1111/gcb.13424
https://doi.org/10.1016/j.envpol.2023.121754
https://doi.org/10.1016/j.geoderma.2016.11.037
https://doi.org/10.1038/s43017-021-00224-1
https://doi.org/10.4319/lo.2013.58.2.0475
https://doi.org/10.1016/j.ecss.2023.108248
https://doi.org/10.1016/j.ecss.2023.108248
https://doi.org/10.1016/j.isprsjprs.2020.03.020
https://doi.org/10.1016/j.isprsjprs.2020.03.020
https://doi.org/10.1016/j.ecss.2019.03.010
https://doi.org/10.1016/j.ecss.2019.03.010
https://doi.org/10.1371/journal.pone.0259033
https://doi.org/10.5194/bg-10-8171-2013
https://doi.org/10.1029/2021GB007083
https://doi.org/10.3389/fmars.2022.853452
https://doi.org/10.1016/j.ecss.2015.10.033
https://doi.org/10.1038/nature07944
https://doi.org/10.1038/s43017-019-0001-x
https://doi.org/10.1038/s43017-019-0001-x
https://doi.org/10.1016/j.soilbio.2024.109445
https://doi.org/10.1016/j.catena.2024.108401
https://doi.org/10.1007/s11269-024-03768-1
https://doi.org/10.1007/s11269-024-03768-1
https://doi.org/10.5670/oceanog.2014.21
https://doi.org/10.1038/s41467-021-24207-4
https://doi.org/10.1029/2021JG006765

FARIu A SRR IUR: BR . 7 R B g1

Goddard R C, Wang F M, Wang Z A, Xiao K, Yau Y Y Y, Santos I
R. 2023. Carbonate chemistry and carbon sequestration driven by
inorganic carbon outwelling from mangroves and saltmarshes. Nat
Commun, 14: 8196

Rosentreter J A, Laruelle G G, Bange H W, Bianchi T S, Busecke J J M,
Cai W J, Eyre B D, Forbrich I, Kwon E Y, Maavara T, Moosdorf N,
Najjar R G, Sarma V V S S, Van Dam B, Regnier P. 2023. Coastal
vegetation and estuaries are collectively a greenhouse gas sink. Nat
Clim Change, 13: 579-587

Rovai A S, Twilley R R, Castafieda-Moya E, Riul P, Cifuentes-Jara M,
Manrow-Villalobos M, Horta P A, Simonassi J C, Fonseca A L,
Pagliosa P R. 2018. Global controls on carbon storage in mangrove
soils. Nat Clim Change, 8: 534-538

Sadat-Noori M, Santos I R, Tait D R, Reading M J, Sanders C J. 2017.
High porewater exchange in a mangrove-dominated estuary
revealed from short-lived radium isotopes. J Hydrol, 553: 188-198

Santos I R, Maher D T, Larkin R, Webb J R, Sanders C J. 2019. Carbon
outwelling and outgassing vs. burial in an estuarine tidal creek
surrounded by mangrove and saltmarsh wetlands. Limnol Oceanogr,
64: 996-1013

Santos I R, Burdige D J, Jennerjahn T C, Bouillon S, Cabral A, Serrano
O, Wernberg T, Filbee-Dexter K, Guimond J A, Tamborski J J.
2021. The renaissance of Odum’s outwelling hypothesis in ‘Blue
Carbon’ science. Estuar Coast Shelf Sci, 255: 107361

Schuerch M, Spencer T, Temmerman S, Kirwan M L, Wolff C, Lincke
D, McOwen C J, Pickering M D, Reef R, Vafeidis A T, Hinkel J,
Nicholls R J, Brown S. 2018. Future response of global coastal
wetlands to sea-level rise. Nature, 561: 231-234

Siikamaki J, Sanchirico J N, Jardine S, McLaughlin D, Morris D F.
2012. Blue carbon: Global options for reducing emissions from the
degradation and development of coastal ecosystems. Technical
Report. Blue Carbon. Washington

Spivak A C, Sanderman J, Bowen J L, Canuel E A, Hopkinson C S.
2019. Global-change controls on soil-carbon accumulation and loss
in coastal vegetated ecosystems. Nat Geosci, 12: 685-692

Tang J W, Zhang S D, Zhang X T, Chen J H, He X Y, Zhang Q Z. 2020.
Effects of pyrolysis temperature on soil-plant-microbe responses to
Solidago canadensis L.-derived biochar in coastal saline-alkali soil.
Sci Total Environ, 731: 138938

Wang F M, Lu X L, Sanders C J, Tang J W. 2019. Tidal wetland
resilience to sea level rise increases their carbon sequestration
capacity in United States. Nat Commun, 10: 5434

Wang F M, Sanders C J, Santos I R, Tang J W, Schuerch M, Kirwan M
L, Kopp RE,Zhu K, Li X Z, Yuan J C, Liu W Z, Li Z A. 2021.
Global blue carbon accumulation in tidal wetlands increases with

climate change. Natl Sci Rev, 8: nwaa296

1472

Wang F M, LiuJ H, Qin G, Zhang J F, Zhou J G, WuJ T, Zhang L L,
Thapa P, Sanders C J, Santos I R, Li X Z, Lin G H, Weng Q H, Tang
J W, Jiao N Z, Ren H. 2023. Coastal blue carbon in China as a
nature-based solution toward carbon neutrality. Innovation, 4:
100481

WangJL, YuGR,Han L, Yao Y, Sun M Y, Yan Z F. 2024. Ecosystem
carbon exchange across China’s coastal wetlands: Spatial patterns,
mechanisms, and magnitudes. Agric For Meteorol, 345: 109859

Wang J, Feng L, Palmer P I, Liu Y, Fang S X, Bosch H, O’Dell C W,
Tang X P, Yang D X, Liu L X, Xia C Z. 2020. Large Chinese land
carbon sink estimated from atmospheric carbon dioxide data.
Nature, 586: 720-723

Wang X X, Xiao X M, Zou Z H, Hou L Y, Qin Y W, Dong J W,
Doughty R B, Chen B Q, Zhang X, Chen Y, Ma J, Zhao B, Li B.
2020. Mapping coastal wetlands of China using time series Landsat
images in 2018 and Google Earth Engine. ISPRS J Photogramm
Remote Sens, 163: 312-326

Wang X X, Xiao X M, Xu X, Zou Z H, Chen B Q, Qin Y W, Zhang X,
Dong J W, Liu D Y, Pan L H, Li B. 2021. Rebound in China’s
coastal wetlands following conservation and restoration. Nat
Sustain, 4: 1076-1083

Waycott M, Duarte C M, Carruthers T J B, Orth R J, Dennison W C,
Olyarnik S, Calladine A, Fourqurean J W, Heck Jr. K L, Hughes A
R, Kendrick G A, Judson Kenworthy W, Short F T, Williams S L.
2009. Accelerating loss of seagrasses across the globe threatens
coastal ecosystems. Proc Natl Acad Sci USA, 106: 12377-12381

Webb J R, Santos I R, Maher D T, Finlay K. 2019. The importance of
aquatic carbon fluxes in net ecosystem carbon budgets: A
catchment-scale review. Ecosystems, 22: 508-527

Wunderling N, Donges J F, Kurths J, Winkelmann R. 2021. Interacting
tipping elements increase risk of climate domino effects under
global warming. Earth Syst Dynam, 12: 601-619

Xiao K, Wu'Y C, Pan F, Huang Y R, Peng H B, Lu M Q, Zhang Y, Li H
L, Zheng Y, Zheng C M, Liu Y, Chen N W, Xiao L L, Han G X, Li
Y S, Xin P, Li R L, Xu B C, Wang F M, Tamborski J J, Wilson A M,
Alongi D M, Santos I R. 2024. Widespread crab burrows enhance
greenhouse gas emissions from coastal blue carbon ecosystems.
Commun Earth Environ, 5: 437

Xie WJ, WuLF, Zhang Y P, Wu T, Li X P, Ouyang Z. 2017. Effects of
straw application on coastal saline topsoil salinity and wheat yield
trend. Soil Tillage Res, 169: 1-6

Xiong J, Sheng X C, Wang M, Wu M, Shao X X. 2022. Comparative
study of methane emission in the reclamation-restored wetlands and
natural marshes in the Hangzhou Bay coastal wetland. Ecol Eng,
175: 106473

Xiong Y M, Liao B W, Wang F M. 2018. Mangrove vegetation


https://doi.org/10.1038/s41467-023-44037-w
https://doi.org/10.1038/s41467-023-44037-w
https://doi.org/10.1038/s41558-023-01682-9
https://doi.org/10.1038/s41558-023-01682-9
https://doi.org/10.1038/s41558-018-0162-5
https://doi.org/10.1016/j.jhydrol.2017.07.058
https://doi.org/10.1002/lno.11090
https://doi.org/10.1016/j.ecss.2021.107361
https://doi.org/10.1038/s41586-018-0476-5
https://doi.org/10.1038/s41561-019-0435-2
https://doi.org/10.1016/j.scitotenv.2020.138938
https://doi.org/10.1038/s41467-019-13294-z
https://doi.org/10.1093/nsr/nwaa296
https://doi.org/10.1016/j.xinn.2023.100481
https://doi.org/10.1016/j.agrformet.2023.109859
https://doi.org/10.1038/s41586-020-2849-9
https://doi.org/10.1016/j.isprsjprs.2020.03.014
https://doi.org/10.1016/j.isprsjprs.2020.03.014
https://doi.org/10.1038/s41893-021-00793-5
https://doi.org/10.1038/s41893-021-00793-5
https://doi.org/10.1073/pnas.0905620106
https://doi.org/10.1007/s10021-018-0284-7
https://doi.org/10.5194/esd-12-601-2021
https://doi.org/10.1038/s43247-024-01621-2
https://doi.org/10.1016/j.still.2017.01.007
https://doi.org/10.1016/j.ecoleng.2021.106473

rPEBNE: HIEREYE 2025 4F 55 % A5

enhances soil carbon storage primarily through in situ inputs rather
than increasing allochthonous sediments. Mar Pollut Bull, 131: 378—
385

Xu G, Ren Y X, Yue MY, Lv Y C, Chen X B, Hui H B. 2022.
Phosphorus sorption capacity in soils from freshwater restored
coastal wetlands increased with restoration age. Geoderma, 422:
115926

Yang H L, Tang J W, Zhang C S, Dai Y H, Zhou C, Xu P, Perry D C,
Chen X C. 2020. Enhanced carbon uptake and reduced methane
emissions in a newly restored wetland. J Geophys Res-Biogeo, 125:
JG005222

YuGR,Zhu X J,FuY L,He HL, Wang Q F, Wen X F, Li X R, Zhang
L M, Zhang L, Su W, Li S G, Sun X M, Zhang Y P, Zhang J H, Yan
JH, Wang HM, Zhou G S, Jia B R, Xiang W H, Li Y N, Zhao L,
Wang Y F, Shi P L, Chen S P, Xin X P, Zhao F H, Wang Y Y, Tong
C L. 2013. Spatial patterns and climate drivers of carbon fluxes in
terrestrial ecosystems of China. Glob Change Biol, 19: 798-810

Yu G R, Chen Z, Piao S 1, Peng C H, Ciais P, Wang Q F, Li X R, Zhu X
J. 2014. High carbon dioxide uptake by subtropical forest
ecosystems in the East Asian monsoon region. Proc Natl Acad Sci
USA, 111: 4910-4915

Yu M, Eglinton T I, Haghipour N, Montlugon D B, Wacker L, Hou P,
Ding Y, Zhao M. 2021. Contrasting fates of terrestrial organic
carbon pools in marginal sea sediments. Geochim Cosmochim Acta,
309: 16-30

Yun J, Jeong S, Gruber N, Gregor L, Ho C H, Piao S, Ciais P, Schimel
D, Kwon E Y. 2022. Enhance seasonal amplitude of atmospheric
CO, by the changing Southern Ocean carbon sink. Sci Adv, 8:
eabq0220

Zhang J F, Gan S C, Yang P J, Zhou J G, Huang X Y, Chen H, He H,
Saintilan N, Sanders C J, Wang F M. 2024. A global assessment of

mangrove soil organic carbon sources and implications for blue

carbon credit. Nat Commun, 15: 8994

Zhang P, Jeong J H, Yoon J H, Kim H, Wang S Y S, Linderholm H W,
Fang K'Y, Wu X C, Chen D L. 2020. Abrupt shift to hotter and drier
climate over inner East Asia beyond the tipping point. Science, 370:
1095-1099

Zhang Z, Xu N, Li Y F, Li Y. 2022. Sub-continental-scale mapping of
tidal wetland composition for East Asia: A novel algorithm
integrating satellite tide-level and phenological features. Remote
Sens Environ, 269: 112799

Zhao M, Han G, Li J, Song W, Qu W, Eller F, Wang J, Jiang C. 2020.
Responses of soil CO, and CH,4 emissions to changing water table
level in a coastal wetland. J Cleaner Prod, 269: 122316

Zhao M L, Li P G, Song W M, Chu X J, Eller F, Wang X J, LiuJ T,
Xiao L L, Wei S Y, Li X G, Han G X. 2023. Inundation depth
stimulates plant-mediated CH, emissions by increasing ecosystem
carbon uptake and plant height in an estuarine wetland. Funct Ecol,
37: 536-550

Zhao Q Q, Bai J H, Huang L B, Gu B H, Lu Q Q, Gao Z Q. 2016. A
review of methodologies and success indicators for coastal wetland
restoration. Ecol Indic, 60: 442452

Zhao Q Q, Bai J H, Zhang G L, Jia J, Wang W, Wang X. 2018. Effects
of water and salinity regulation measures on soil carbon sequestra-
tion in coastal wetlands of the Yellow River Delta. Geoderma, 319:
219-229

Zhao W, Zhou Q, Tian Z Z, Cui Y T, Liang Y, Wang H Y. 2020. Apply
biochar to ameliorate soda saline-alkali land, improve soil function
and increase corn nutrient availability in the Songnen Plain. Sci
Total Environ, 722: 137428

Zheng H, Wang X, Luo X X, Wang Z Y, Xing B S. 2018. Biochar-
induced negative carbon mineralization priming effects in a coastal
wetland soil: Roles of soil aggregation and microbial modulation.

Sci Total Environ, 610-611: 951-960
(FHERZE: Ah)

1473


https://doi.org/10.1016/j.marpolbul.2018.04.043
https://doi.org/10.1016/j.geoderma.2022.115926
https://doi.org/10.1029/2019JG005222
https://doi.org/10.1111/gcb.12079
https://doi.org/10.1073/pnas.1317065111
https://doi.org/10.1073/pnas.1317065111
https://doi.org/10.1016/j.gca.2021.06.018
https://doi.org/10.1126/sciadv.abq0220
https://doi.org/10.1038/s41467-024-53413-z
https://doi.org/10.1126/science.abb3368
https://doi.org/10.1016/j.rse.2021.112799
https://doi.org/10.1016/j.rse.2021.112799
https://doi.org/10.1016/j.jclepro.2020.122316
https://doi.org/10.1111/1365-2435.14258
https://doi.org/10.1016/j.ecolind.2015.07.003
https://doi.org/10.1016/j.geoderma.2017.10.058
https://doi.org/10.1016/j.scitotenv.2020.137428
https://doi.org/10.1016/j.scitotenv.2020.137428
https://doi.org/10.1016/j.scitotenv.2017.08.166

	滨海蓝碳评估现状 : 理论、方法及碳减排增汇途径
	1�� 引言
	2�� 滨海湿地碳源汇的科学概念和碳循环过程
	2.1�� 滨海湿地碳源汇科学概念
	2.2�� 滨海湿地碳循环过程

	3�� 滨海湿地蓝色碳汇评估现状
	3.1�� 滨海湿地碳汇功能评估途径
	3.1.1�� 黑箱理论下的蓝碳
	3.1.2�� 白箱理论下的“NECB”

	3.2�� 外源有机碳是否属于滨海蓝碳范畴? 
	3.3�� 滨海湿地的面积、定义和边界

	4�� 中国滨海湿地碳源汇现状
	5�� 巩固提升滨海湿地碳汇功能的技术途径
	5.1�� 海岸带及滨海湿地综合治理措施
	5.1.1�� 水文连通性修复
	5.1.2�� 建立入海河流污染截留区
	5.1.3�� 建设生态海堤

	5.2�� 滨海湿地关键生态过程调节措施
	5.2.1�� 提升群落物种多样性
	5.2.2�� 人工栽种和播种
	5.2.3�� 富碳生物质添加
	5.2.4�� 湿地盐度调节


	6�� 研究展望


