IR NRS TR

MARINE GEOLOGY & QUATERNARY GEOLOGY

FRUR RV 28 A Bl SR T AR B A0 Tl R B M R BB BT 5T

e, | %

Effects of Sunda Shelf exposure and vegetation changes on land-atmosphere carbon exchange during the Last Glacial
Maximum

LI Jinlan and TIAN Jun

TELR I View online: htips://doi.org/10.16562/j.cnki.0256-1492.2022021101

FETT BRI A

Articles you may be interested in

AR R PR AR K A4 201 1457 B R SR A5 A0 S RN 15 Y I i AT R A 1R 7R
The summer thermohaline structure of 2011 of the southern East China Sea shelf and its implications for the intrusion of Taiwan

Warm Current and Kuroshio Current

TRETE TS 2R DO 20 . 2021, 41(5): 151
VA Y I ORI T LR (R ORI B T Ak B R T P4

Environmental evolution and carbon burial assessment of the west coast of Bohai Bay since Late Pleistocene

TR TS 2 DU 20 5. 2021, 41(6): 194
Z g i e — e 2 R K ) T R A 2= R S 8 s B X

Geochemistry of the water profiles at the slope of East China Sea and Okinawa Trough and its implications

TETEHL T 555 D20 H . 2021, 41(6): 102
T A PG SR SR SH-C L3S (37 AR BE R AE K LA 5

Sediment grain size characteristics of the Core SH-CL38 in the Shenhu area on the northern continental slope of the South China Sea

T SR DU 20 H IR 2021, 41(5): 90
PRUL I AT PR 55 DU 20 286+ 0 W A BRI B DX S AR f 8 7

Late Quaternary clay minerals in the inner Lingdingyang of the Pearl River Estuary, southern China: Implications for paleoclimate

changes at the provenance
TRRE TS 25 DU 28 MU 2021, 41(5): 202
T T R A A R MG A 20— DU AL D UAR e S ) 2 40 o S AR AL

Stratigraphic classification and sedimentary evolution of the late Neogene to Quaternary sequence on the Central Uplift of the South
Yellow Sea

TR AR PO 20 M 5. 2021, 41(5): 25

KA AR, B LR E



ISSN 0256-1492 W RS 5 U4 R BA2E N2
CN 37-1117/P MARINE GEOLOGY & QUATERNARY GEOLOGY Vol.42, No.2

2, TS R UG I 0 SR At ity 20 e 10 AR 0 2 Al o I 38 B 8 k2 ) ) SR SBLAE 5 (0. WA 0 5 S5 45 DU 4 5, 2022, 42(2): 110-118.
LI Jinlan, TIAN Jun. Effects of Sunda Shelf exposure and vegetation changes on land-atmosphere carbon exchange during the Last Glacial Maximum[J].

Marine Geology & Quaternary Geology, 2022, 42(2): 110-118.

AROR B K HA FE A B 2058 T I AE M T X Fh R xR E
=2 M B BUE AR A 53

FaM, HE

[R) 35 K A g Y o [ R S S B =, 1T 200092

WE:RARRBAMBERGREGERRAEDRILARE L, ZHHEAHRORILREALTILARER? KA A
GOSAT AR EZHKHPEE  FMBFELBEE, FARAKAFERES A AR T (FARBE ) HAT2H, KA B
RAMEBRKR, SRERRAAEXGER -8, AXATRRE KN EMER LR A £ R0 S0, AR RB K R
ERBAENSRAZAMNBREETR (KEARBE) YA, AAEBERRKAART T (NCAR) 4yl A AL A
(CLM4) , VA BALTE RO AAL I B AR AR ST T AR, FRRRB R B R TSR BETOY
o, BHBARBEERSN, ST HAHLLIESE, AN S LR A KD B REE DA AR L, AGEE KA
B AT R B A BRIC AL S 3858 29 0.16 PgCla, £ AR K AL BB R EW R D-R kB e P g5 ER A&, 29
AR F 0 T SE b SR R R B Ok I AL R A M R B R R R L AR R IE T TR, ML RE AW, KR AR
FBEORMTRER LARRGEHEL N, SRAERG R R A E R, AR E—FT AR,

KRR AL T A R B B UL R R BRI B4R

& 5% S:P736.21 SCRKARIRES: A DOI: 10.16562/j.cnki.0256-1492.2022021101

Effects of Sunda Shelf exposure and vegetation changes on land-atmosphere carbon exchange during the Last
Glacial Maximum

LI Jinlan, TIAN Jun
State Key Laboratory of Marine Geology, Tongji University, Shanghai 200092, China

Abstract: The land exposure area of the Sunda Shelf in the southern South China Sea during the last glacial maximum (LGM) was nearly twice
that in modern times. Was the Sunda Shelf a stronger carbon sink at that time? Though the study of the LGM carbon cycle depends on reliable
vegetation reconstruction, both GOSAT satellite data and measured carbon density data utilized show that the role of different ecosystems in the
carbon cycle could be very different. Whether there were tropical forests or savanna grassland on the Sunda Shelf during the LGM is a
controversy. The land-atmosphere carbon exchange of the forest ecosystem is much greater than that of the grassland ecosystem. We used the
Community Land Model (CLM4) to carry out two groups of sensitivity cases, aiming at quantifying the impacts of land area increase and
vegetation distribution on land-atmosphere carbon exchange. Combining the pollen fossil evidence, our results showed that the exposed Sunda
Shelf covered by the forest ecosystem in the LGM absorbed more carbon from the atmosphere at a rate of 0.16 PgC/a than in modern times. It
indicated that the Sunda Shelf in LGM was a carbon sink, which was opposite to the role of other terrestrial carbon sources and was worthy of
further study.
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Wb BR R JE R GBI R, TR R A A Ok 38000 X AT OR SURKR A (24 780 PeC) KA HLAE AL
PgC(1PgC =1 EZ3E(10°g) Bk ), & 4 43 BRIk 2 019 48 e, A BRBR A PR B T E AR Bl AR S R
KR gr, Heh A 700~1000 PeC kA7 £ R IR WK, GBI AR fie KA 22 B 28 , 50 455 A Bl A4 0 o ik 2

BUTE: R A RBR A F A0 H PR W Az A T P IR 2 8 1) R A I A0 v A8 P A E [ Y 56 R 7 (42030403 ) 5 [ 5K H AR B2 3 4
T F 50 W et SR Bl A B 4 1 L PR AL B G T R AR AN (41776051)

TEE BT 40 (1995—), 2o, W5 A, RRWHES 5L lk, E-mail: 12031335@mail.sustech.edu.cn

BIREE: M (1974—), 53, #d2, N1 5 452 L5, E-mail: tianjun@tongji.edu.cn

Yk B #3:2022-02-11; 2e[el H#3:2022-03-06. SR IE 4w



a2 2

2T, FH A% A U DK S0 S Al i 4 0 T R A A T 0 i 2 Tk T A 5 ) ) 5 ELASALLTE 5 111

R B b, = . b T Ak 22 ) R S e P P R 43 (181 1)
R b, IR AR S R 5 B W KA 7 i (GPP)
245 120 PgCla, il i AHY) A F7 W MR i B P Y
fikk (autotrophic respiration, AR) 2 & 59 PgC/a; | 4%
O3 R R R g A 77 B (NPP) , 38 o A 9 2 L0 %
ST AT YA ALY B AR O i A8 U R )
o, AR, R4 NPP e 2 2538 3 S e |
AR 4 W HE TR R A B R A (1)
TSR DA BBAIE P 0 £ B2 K 2% 08, RSk P v B AR AR A
KA 15%~ 18% I Bk A B il b A= 25 78 8 (R
PEZ)2R 780 PgC), Fi- 7% B B VE Bk PE AL 2 5 RSk
Arhm sS4, A R ik 3~4 F w2l
B— (1 BR VAR ), X SRR R G 4% K
e J2E v 3 2l i 5 8 — AR A3 Bk o - SR B P2E 17 SR
WKLY R 25 45 R ARk 2 100 BT A R 245 10 4E
B YOG L IR A R A T A R
TEA IR B J] o

L7 AR A B M X, 2 B 2R Y 60% 1Y
R W, B NPP (5 A2 Bk 50% DA B, AL
23K il M THTFR 7%~ 10% 1) #4H BRAMRAE 2 BR B 76 2
R /A s o R S AT 115 S N P T S
BRZ W B FRS, R NI SR TR AR 2R e I TR AR, B

IR A ) ~59 TJ}&%YEFH ~120
+ b
i~59

7B
~4

A
4
1.6

~0

fili 3t

T b b A= 4 i 25 08 B 3fh W AR — 2 A2 A
Bk 7 ML A= e P, SRR R AE i b AR S R Gk
i — R A TR R B o AT MR UG ke ML A A
T2y 640 t iyt HEmRD, J& R HL AR . FER
AR, Bl B E R TR A A R m ORI B KRR
CO,, T 5 A 32 e I I I A W B I A 1T i T R
1.140.3 PgC/a®l,

UK, R P R AR DU G S {4 e T, IR D an 4
() 2R T A TR KRG, N By L Eok ol 5 | O
PRSP 5 . BN 55 B 05 =22 8] 1 7K 380
BRI B K IEA B 70 m(E 2) 5 7R T
R 24 120 m Ay R UKD, 324t il 22 1 2% 88 W] [ 45 AR R
SV 7 i b TR AR S I — A5 . FERXAERIIE LT, AR
JEA R LB SR A AR I WE 7 2R, R IR TK
A SRS 5 BUACR 22 1R K, IR B2 R 7K AT e
A AN [ 2 B ) R IR, A 8% 43 A FT RE S A BT AN
Ao H i OC T A U vk 1) SE b il 42 4w 8 A A AR
KAWL, AR H RS AT M E SR C &
THUS R R R 00 AR R R A R R R AE
e PR ok A2 AHLEE B — s AU AR, (HE ATy
SRV T PR SR B B B R[] R i A
EARKBZET . W, RS REWN

2 T

6.3

o] P | s 57

Bl 1 1990s 4 BRBRAG RN
B fif . PeC 5 PgCla.
Fig.1 Global carbon cycle in the 1990s "

Unit: PgC or PgCl/a.



112 T b 5T 5 56 DU 40 b

2022 4F 4 A

S 96° 104° 112°

2 5 AR 4L MY S5 R
O ACR IR 2R R R 5 T AT Y. R Bl R IR : NOAA & BRHUIE #3E ETOPO1(doi:10.7289/V5C8276M) .
JEIEI R 1 2 4 1 200
Fig.2 Topography and rivers in Southeast Asia

4R /m
4000
1000

120° 128°E

The blue dotted line represents the rivers developed after the exposure of the Sunda Shelf®'". Terrain data source: NOAA global terrain data etopol

(DOLI: 10.7289 / v5¢8276m). The picture is from LI Jinlan et al'"”.

T % B 2= AR K . BAR HAn| R A H A sk
TR i b, A 28 3R 6 %) e it i 14 7 %, ELA) W] S
It S b R A G5 TSR e 0 T R AR B, A R
B, b RATIBCT R 0% i b R S 2R G R A
F14) SEZ b, W 00 0 SC R 1 4 A R T A, A EE T 20108
o ] il b A= 2 7R G Bl B RO R e A
Z ik 15610 55504, Horp A 45 7927 S Al # AE ) it
e 2% 5 BN HE R 7 683 4% AT MLAR M o 2 B
Hh B RE A e AR S R G R Bl AR, 4 DT
149 AR MR AR 2 2R G0 ik 5 3 2 e AR O R G i R R Y
W Ais DA b o AROMORIT R DA 25 R 40 1 ik 3 o A AR
K2R, HAT 2009 4 & 5§ 1Y) GOSAT T A ) 4
Bk A bl B A, S 2Rk AR S R Gk
J2 B 1 SO, 2 B0 AR 3R W AR T MO 4 A R R
e 3 kA KA DX, 17T S W A i 194 A 227 i 2 Al 3
AR M T & Z G R, RRZRAL
A2 28 B G 0 B R A T D, AR B
FEL 3R S IR R ZE VR 22 5% 07,

52 M0 AR YO KA A 21 1 B AR 2, TR
ok 5 S0 SR At i A2 i b 2 6 T RR e R O ok s A
SRS Ao T L, T AR YR vk SR A AR Y
P AT A e S A R, — o B B T SR i R i

BRAGIRIETE o DA, ASAIF 50 3k 14T 30 o 20 fE A 400 5
V5, ot A 1 00 TR Il A AR A1 il
FERE BRI, A5 A A B AR TR, Ui
P A R e I 300 5% A il 2 1 - vl 14 B 78 A A Bk 7
b 2

1 BRIk

1.1 CMIP5 ##E

TEHEAT 32l iy 22 0 BB R 39 2 1T, A SO T
55 5 U E Prfi A A LT (CMIPS) 4 Bk b Bk
FR G ) AR RS (PLIRE) o R Uk )ik
55 (LGM i 5 ) AU B LS5 2R . Z i H & &
S6, DB ASERY 10 £y BE PPl AR U vk 0 4 3R Ak 2%
A2 A . FRAR TR AS A X Bili b - A e 28 46t 1 T A
TTRR; R, 5 A 9 i T A AR () A8 L 45 R AT e
BBk

1E CMIPS H, d 9 4T T LGM 4 Bk
R, (EAAIF AL & T 58 B B A1 A ASE L 1) Hb Bk
RGBS R I AT T 0, 15 51
fY MPI-ESM-P #:5;, H Ay MIROC-ESM A5 | i



a2 2

2T, FH A% A U DK S0 S Al i 4 0 T R A A T 0 i 2 Tk T A 5 ) ) 5 ELASALLTE 5 113

[ f) IPSL-CMSA-LR B0 B o 76 ) LS f6 R ¢
B, KA CO, AR AR 2 ] 5 A A2 1 A i 3
JIT AT R #5000 1 3 A T) 380 22 0 RIS BT, 34T
TorE A M FR e A s 4 2R v, ST A ()
B A W) 37 22 S R A A [R] i 5 |
Y. EIEAL S RGP B R R G, KR
CO, J&AF J 158 2 T £, AN 485 ol T A8 = i AL 1Y)
R T 25N R R S R B S AR AR, A b Y Bl
M R WV A 2 R) A Rl G 1 I 20 28 Ak
1, AR RS AN . DLk R
iy B h b BR R S8 A% 3K 75 25 (The Earth System
Grid Federation, ESGF) #24it . X HE PEAL 45 5 0L 3.1,

1.2 EENH

A5 A8 38 [ [ 2R ASUF5E P (NCAR) 1Y
18 JH ok 1A A% %Y ( community land model, CLM4) F1{0] ¥
iz iy A% & (river transport model, RTM) A4 ¥l & BUAS ,
KB 1948—1972 4F (15 B4l , %k i 17 455
RIPEFF A5 PR BR 520, CLM4 & 4 BRI AL, AR 303k L
TR P A5 BE R RS, KSR il TR A 5 A
[Fi] £ 0 A T ', 25 TR) 7K P 4 B 3R R 1.9°%2.5°, il T
My EIA 152 B AR A, A5
BN T K Bl KA S i, R ek
R (CESM1.2.1) (45 1 2E3R, 3 S e
B AR Wi (stub) o

X FRAG I B, CLM4 F & i h 3 A= 9
HbER b “F #5 RY Biome-BGC(4.1.2 B AR ) 2220 1] Xif fili
Mg . ARG IR EAT 58 A P PE AL 3 H R AR A
WA M 3R . XY 5 R4y, CLMA4
R R 9 2 HE 4 ) BE 7Y (plant functional type, PFT)
IS . FEY DI RERY R — M EY B, PR K D) fE
AH [R) 55AH 3 AR 4 4 b A0 43 Sk — b AR 4 D) RE RS
AFEEY Y fe B B A AR ZE L E R e E S
A, DCSERRE TE TEATTR  BE R I R I L S
SR S B SSORAN [E], TR B AR ZE AR TR
FLok B 25 m & A T X ). CLM4 H b4 15 Ff

TP T RE R, H b BT il IX 32 260 455 P 6 o
AR B R AR C3 FAHL YA C4 FEAKEY) .
BRitbz4h, CLM4 Wi E LT “$R L7 E KM, 5
AL 2 8 Y — 3B 245 BB T I A U I s DAY £ o
ok

1.3 REIKE

F 5 ) 2R U DK B0 A | ity 2 ke i e 17 A
TRZ, ARG E 7 TR SRl 4R 2R 57 5 |l
V18 AL A 75 b XoF i 6 i 3 2t %) SRR PSSR, It AR,
T B AR e B T B A3 A A, A vk S L IR
SR 1850 AR il e i Aw o, KA A AR &
S [ 7E Tl S A AT OKOF, b 284.7 X100, KA
S GE TR QIAN 25 il /F B9 B (1948—1979 4F)
X} CLM4 #F 17 1 5 5K 2y, He i 42 45 K PH 58 395 . B
KR R AR ARER,

AREFFEEGETIT 4486 (R D, Bk, 7T
1850_XX il lgm_XX 5250w, 7R w0 Hb X 11 ¥ i 7
A5 3 9% 8 o BLARIE IE . LGM 1% 12 (i S 1 I i
120 m), Hifth X 3k R A g BAC 50 9 Bl 2 A 5 TR I 7
BN E AR ) 1 B il i 0 R R R 114 i 2k
Ak A, 7E XX tree Al XX _grass SE 5 H, 43 5l
7R T W 4 DX A BB R A R Sk I R
C4 5, At DX S8R B 3 H 3R ) MODIS £k 45 42
o O g OB 50 ) i 3 22 0T DAl 4 X
AR, 42X C4 B B A AR S 17 T, AU T B i
S8 b ity 4 A Bk T 25 SR 1) L, T LR R Ry A R
AR B R AR S R G ] R4 LR R Bk
S A 2R 1, KR PR iR B AR 22 R KR AE R R
G, VR R it T 1) R A 175 T 04 465 1 S A oty 4R A
ok X ety 2 5k 30 19 A R TR S TR T R 4 ) I AR
I C4 FEARN Y I E£E, WL 4 25 08 T AL b i) bt
Bl 432 LA K LGMIT 1 5 fify it 48 7T BE A7 7 1 K #45%
Fo ARSCRAM 4 MR 2R, Y3 F7- 5 5
1) 30 A5 AR BB E A7 40 AT

#1 HFRABEHFR
Table 1 Experimental design

=AU S o 43 Afi HEHE S

1850_tree PAR 1o 534 FRAG LA X Ay SR A
1850_grass AR s 43 A R A X ACATEAIEY)
lgm_tree R A X T T 120 m AR A X A A bk
lgm_grass R B A XS TR B 120 m R A X S CAR AR

VE: RE TR ARG R R R Z95°48 130°, MZF10° 264200,



114 YRR M J5 5 56 D0 20 b TR

2022 4F 4 A

2 45

2.1 EEth Bl it i B AR O 2% vk HARR SR R AT 1 S AR

il 1 A ] MPI-ESM-P #5580 . MIROC-ESM £, |
IPSL-CMS5A-LR £ 20 32t 56 45 58 1912 Wi 43 #r, AR SCK
BRSSP A A YRR vk 4 BR A A AR A
AR T FRLAR £b X Bl 2 5 3 B (VB TE TERR . R ELR
B A T B 25— R LR A B B PLIR G
I LGM i3 A9 % 1 o PLIR B6 BIRE =X i 42 7 ik 56
CHe Il 2= M BLAC A0 ISR R BH 5 ] 7 7E 1850
A LA B IR ARy, AR A N2 B T Y
AR A A5 1), A R W R 5 R R ER AR
WL 25 R AT LA, DAPPAG R B B (9 15 22 sl n] 2
PE; 1 LGM iR 8 5 PLIR %6 19 A [/l Z 46 7E T, LGM
T R FH 9 2 AR B VK 1 A1 a0 2 1, ok Hh 45
JHH B S PLIRIR AT LB, AAS H A YR vk 30
A S A 2 A P B Y DTk . B R L3
SRR A S 2 () A S ) X6 Eb, ] 5 SR AN TR) 110 A i 2
R AN TR S50 T 28 45 0T i b ARG B 14D 52 0

i Hb 2447 9% A 77 (GPP) J2 KA Bk ik A ki b 2E
BRI EEIRAR, WA 5 - R Z ks
e i) B JE bR . £ MPI-ESM-P, IPSL-CM5A-LR .
MIROC-ESM ixX 3 M8 % PLIK GG H, BT B 40
1) 4 BK fili b GPP & FITAR K 350 5 BLACAE 5 (AR EY
120 PgC/a, Tk F A i) L BAR RS /N ), HAR UK
1 B A G A e R A LB (& 3), X 5 A
JE A AR UL T B A R 1 B 98 25 ARAF . 5
ZHFFE AR, T B R 7K 2 5% e i 1 A2 S R 4
Az 7 1Y) B T R R O, A B R rh A X
BRI, Hln IPSL-CMSA_LR =0l i 34t GPp
SR LG LA PSRRI a2 A X A v 1Y)
FA 7K 2 1 B IPSL-CM5A. LR 5 2 B A48 A% 2R R %
VK] GPP LAY GPP 22 I fiz K, 31Xt X6} iy 25 12 A
3 AR R vk T B K AR AR R IR R £

FE 12 Wt 52 b i 22 %5 fili 2 e 38 £ 19 ¥ 8 STk I
AT HEBUA 25 95°% 130°, B4 10°Z 046 20°X 35,
YE R ATa Bl L R AR XA R ) o % 2 @
R T 2R P IV IX 3 A i b A S R 48 GPP LA B AR 4
Bk GPP FT i (0 L35 3% 3 Rk 4 2 BB /s O R A B
AR AL, TR % A 4 BR AR TE AL R T
Fb 8] (32 DX 338 190 A e 28 0 R 350 B 8% ORI 2 T
Pl o ATLAE Y, 7R 3 ek RS A LGM iR
5 v, K R WV X I i s GPP s FTAR LG PTG

120
100
80
60
40
20
MPI-ESM-P IPSL-CM5A-LR MIROC-ESM
BLGM mPI mPI-LGM
B3 3 ANHER RS LGM A Pk 36 2o 4 Bk 3t 5 47
2% 4 77 B GPP HIRE 45

B PgCla,
Fig.3 Simulated global terrestrial gross primary production by
MPI-ESM-P, IPSL-CMS5A-LR, and MIROC-ESM, respectively

Unit: PgC/a.
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Table 2 Terrestrial GPP in Southeast Asia and its proportion in
the world PgC/a

LGM PI LGM-PI

MPI-ESM-P 7.17 (9.40%) 6.72 (6.09%)>  0.45 (3.31%)

IPSL-CMSA-LR  9.63 (14.48%)  0.17 (0.14%)  9.46 (14.34%)

MIROC-ESM  13.52 (15.67%) 10.57 (9.29%)  2.95 (6.38%)

*3 KEIZMNEREM RESEKMLLA
Table 3 Total forest area in Southeast Asia and its proportion in
the world 10" m?

LGM PI LGM-PI

MPI-ESM-P 4.67 (13.40%)  2.66 (7.31%)  2.01 (6.09%)

IPSL-CM5A-LR  4.93 (9.81%) 2.35 (4.52%)  2.58 (5.29%)

MIROC-ESM 6.24 (7.12%) 3.86 (5.37%)  2.37 (1.75%)

*4 FEIEMARBMEESSIKAEL G
Table 4 Total grassland area in Southeast Asia and its proportion
in the world 108 m?

LGM PI LGM-PI

MPI-ESM-P 1.81 (0.84%)  0.94 (0.42%)  0.87 (0.42%)

IPSL-CM5A-LR  8.00 (1.78%)  3.05 (0.66%)  4.95 (1.12%)

MIROC-ESM 2.22 (0.93%) 1.04 (0.37%) 1.18 (0.55%)
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Table 5 Comparison of GPP and NPP in four sensitivity tests
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Fig.5 (a) Simulated NEP in the 1850_tree experiment, (b) the differences of NEP between 1850_tree and 1850_grass
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