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Figure 1 (Color online) Overview map of the study area. Inserted chart: pie chart of the area proportion of the three major karst regions (QK: Tibetan
Plateau Karst region; SK: Southern Karst region; NK: Northern Karst region)

F 1 EREE RN

Table 1 Description of basic data
T 1 kmx1 km [E Z R R SR EBAE 0 (http://www.geodata.cn)
P 1 kmx1 km E K HER R G R4 o0 (http://www.geodata.cn)
SOC 1 kmx1 km [E K Hi R R G0 Rk %038 7.0 (http://www.geodata.cn)
NPP 1 kmx1 km MOD17A3(https://www.ntsg.umt.edu/)
ET 1 kmx1 km Harvard Dataverse(https://doi.org/10.7910/DVN/ZGOUED)
SR 1 kmx1 km GLDAS-2.1(https://disc.gsfc.nasa.gov/datasets?page=1)

Ca?', Mg®", Na', K', HCO;". SO HMICI# T-He ¥

1:2500000

[15]
F [ b B A2 SR (https://www.cgs.gov.cn)

AR, AR B B 2 ) o a8 . s i

DRSBTS i S T E A P B (R 2
HERAR BIHESR. TERMUA4.2.3, FATIIZR T —1

e A B U AR AL S o AR TR By, IR v o
X35 4 5 7355 BE AR KA T TN, AP A R sk Ca

5198

Mg>', Na', K, HCO;, SO, FICIHJ# ¥k BB,
THAA B B FomE, 1E8EP, T. ETLI R NPPYE R T
P F, HEST B AR B 22000~2020454F A 45 25
TARE R () MIRR SR T B R M (e, s
A E N R EAE A TR IR R A A KA BT T



&
K

1.4 EERZRSGAYERIT . (NEP) T

NEPHA [ AER RGP IR, NEPKTO0RR
Wi, NEP/NTOFRARIE. B0 THIBEELE A 2
A TP EmRIRE S, RIS R G A D)
REVME LA B AL W P R 3R R 7 B AR TR 7). NEPTTL
HNPP5 + 5 5 S P (R Y 22 4A:

NEP = NPP - Rh, (1)
Hp, NPPE/RIEEE—EA = F1(g m™ a7"), REFE/R T
HESH (g m™ a7,

SR A AR, AF5E 3P (Rs) 5 RhZ [A] (1)
KRR PR R AR A fe R R0.758,
FFEAE0.01/K - il st T Wk 5, 7 TRAST,
P. SOCZ a5 B A A RA. 207 3 g H
TFHHENEPH (I RAB1:

Rh =0.6163

0.0317 P SOC 0.7918
X(1-55 e X Pr0.68 soc+2.23) > (@

A, THIRIE(C), PAREK (mm), SOCH0~30 cm$FE/Z
A HLIR (g m ).

L5 A et

AT FE T R R 6 Ak 2 KA BRI /) 7 7k
WRPRER A B RV AR B s, S5 KPS TE I e R AR 1%
RIRER A b X AE oK | JREE S CO 4 ik 8] T
fF PR A, 12 R ] ek Ryt
(Ca; Mg )CO;+CO, +H0
— (1 -x)Ca*" +xMg?"+2HCO; (3)

B2V RN, Whitefl] 8 T — 4 FATTEEER
RIS R AR AR 71, Blmaximal potential
dissolution(MPD)Hi1+8E AR N

Do = 104P ~ EY(K.K Ko/ 4KV ico, )

x(pCO,)'"?, 4)
K, Do ATEZ VAR SN T Bl PR E: 5 e K Tl R
(mol km™2 a 7", PHM/K(mm a '), ENLERZERUE
Bmm a™'), KA IAEEREE, K HCO KL
Bif#AHCO; WA H B, Ko M COL I T /K I~
B, Ko RCO™ U A BB (LE ILBRSES 1); p 2 X
Pico, M A B KR Cat JRHCOS Y B4 1 5 AL,
FHE TR W 52 S2); pCOL K+ K 2 HCOL 53
JE (atm) (3 ULFfF 5% S3).

L6 &b

IR — I ML [mE 34, el 22 e
e, TR AR S T AR I A, Rk
TOFRRIZIGHAEWT TN B BTS2k, )
AR/ T A8 bR ETHFIT B R R IR B, R
2 XHEDBOR, AL ROR, T AT

_ nx Y (x4 DO 4 )
n n 2 ’
nx Zizliz 7[21':11'
Horh, O, 2R EUE, n A IREL, AR
SRR AR IR Bz 1] A AR DG
1.7 eSS br

FA2R IR oderick 5 A PMRALAY 712, ke T
Z I TP AL 25 T 0P R X K SRR AR AL 3
ML PR, R O SRR A A R 2R A A Sl
A2 R G AZ AR

0

dv _ov dX, ov dX% oy dX,
dd ox, dt o0X, dr oXo dtf
oY  dX,
+"'+6X,1 @ ©)
((1:1_); = Xacon +Xbc0n +chon + +chon’ (7)

s, %—fi\%ﬁ@?%ﬂ@%ﬁﬁ%, YESChFR AR RS

BRI, Xacons Xocon XeconTHXneon 7P HFANX, X\ XA
XXV TTIR, X, . X, XX TESCR 4 B m
KR ORBRERS . AZEIES).

ARG FEIEBAL T CCRIHAX A= 75 R GehriL I
SENR, N6 S0 ail AR A i sk il LA ERR I AR 1k
K5 CCTTRRZ [a] 5k 25
K=C ontH o

=T conTPoon TSR on tHA o

_0ALL dT , OALL dP
oT di

oP 1

ask ““ar A -con: ®)
K, ALLWAEBRGHIL, KHCCHHAMEAEHS
I ER RGNS, C_.om b CCTTHk, 1L
Tl con Pocons SR_conIAI, HA_ .oy WHARITTHR, 55T
KHIC_conI5% 25, SHIHT. P. SR THABRGHRI
BITTHR, ASCGANT, P, SRETEMSMEHNE, %k
S A 28R R R X A A8 AL ER A s, i ad 4]

5199



M3 h I 202545108 H70% £30MH

R A, TR 36 2 s R G
2 I B RHERAL ARy H 7
A

ny,z _Rx/l,z x Ry/l,z
B (e P (e ®

K, Ry, AW BRI F 2R, Fmx Ry Z [/
ZBHmAH S REG Ry IR HE SR, ASCHERT
P. SRILEWA T A R G A2, HEmife
A F 5 ARG Z A B A OC R 5L
TIAN, SR FH RS Sk S DRI A e 2 (] A S )
P, WERP/NF0.05, WITE95% B 15 W8 R a5 0]
N

1.8  BLHRERIED
B A A FEE, P, T. SR, kiEfk
CCHIHAN A= 28 R0 1 5Tk R BT, AT 2=

TR
Contr. ALL =
|AClim. P| .
[ACTim. P +[ACTim. 7] +|ACTim. SK| +[ACTim. 4| 100%,
(10)
Contr. ALL =
ACim. 7| . 100%
AClim. P|+[AClim. T|+[AClim.SR|+[AClim. H4| ’
(11)
Contr. ALL =
|AClim. SR| . 100%
[ACIim. P|+[AClim. 7| +[AClim. S| +|AClim. HA %
(12)
Contr. ALL =
IAClim. H4| . 100%
[ACIim. P|+[AClim. 7| +[AClim. SR +|AClim. HA ’
(13)

o, Contr ALLFE /RS FXFALLEY 5Tk, Clim.
P. Clim.T. Clim.SR. Clim.HA%ZFExRP. T. SRF
HAZEIKHH T 5 ALLAY R AH G 2248

2 g 500
2.1 EEZRGAPIBELAAEE

B R G A HURIL (NEP) &4 BRERIE 2R A ] 5
SR —&R 3. AHIFoE 2 B [ v 3R X 2000~20204F

5200

FUNEPAE M #148.04 t Ckm ™2 a™!, A }374.54
Tg C a ' (El2(a)), Hr20134F f4E 2405 5 AL B H0 i
B, 17020t Ckm ™2 a™" L 430.61 Tg C a™'(K12(c)).
MR ENRE, NEPAF-YIE &HEA /T =048 20l 2
FWERSIAT X (779.13tCkm~2a™ "), BEA
(564.06tCkm2a™"), MFHI4 (50820t Ckm >a™"), 4F
¥ EHEA I = A R AR A (121.05 Tg C a™h),
TP AKX (61.89 TgCa™"), FIHE(61.08 TgCa™)
(F12(d)). =FEE BAREIRFS, fgl) I, X2
CRER—PEERKN. N= RS XOkE, B
JE R X AR R R R R A, EEA
328.86t Ckm™2a™!, M H378.21 Tg C a™', L7 H& il
FEX AR M —92.38 t Ckm ™2 a™!, XN
—75.01 Tg C a~', T JEms s X AR 5o
—14.08tCkm2a™!, 4EHHEN-8.05 Tg C a '(E2
(2)), P ATWEITRR X BRI BRI, by RN
JERI TR X AR R B A B

r [ % 74 X 4 2000~20204E N EP 4 4K 52 i K
(E2(b)), AEBBEK R K235t Ckm2a. BT
W 7 R XN EP (19 38 K RE e R, AR K E R R
3.59t C km™ a~!, HUCRAL T WE TR IX, 43538 K 3
RJ3.51tChm > a~!, T = B ST XA 2 3k
RN—0.15tCkm > a~ ", B IEHTREX AYNEPHE K i
ek, FEAFLE TR E IR XIS T KA S
52TRE, PN A A P TR A B AR TR, X
S SR A R G S AR T T X S B R R R AR R
P08 B AR T B XA A R A O L IX AR, {H
AR AR I H [FIFEIEE TR 8. b, Jb
T W& R X AE LML Sh Al . 338K 4348 B4 D T 1)
G AR T BRI T SR SR R XN
), T SR BT R X AN EPE K 2248 5L %8 5 TR
B, FERHATHARER TR, MKz, ksh,
MR AL R AR, BRI A 1A B Al X 35400,

2.2 HIEICHEEL AR L

VR BRI A BR BT BRI A0 B A A Ay, R4
BRERAGIA T KA E EEAE . AR R AT 2%
PRI A5 e [ 5 0745 (X 2000~20204F Y 5 7 TEHIL
W (CCSs)AEY M #1532 t Ckm ™2 a™!, 4FEHuiN
13.45 Tg C a~'(K3(a)), HH20164F (4714558 H Al it
Hihr, /731 tCkm2a™' | 1849 Tg C a~'(K3(c)).
ME R ERE, CCSsAEHE - HER /i = B8 4350



75°E 90° E

105°E 120°E 135°E

75°E 90° E 105°E 120°E 135°E

40° N

30° N

40° N

30° N

z z
] 500 km Q] 500 km .
[ s— [ — g [
2000~2020F ARG B 2000~2020 FESRA BN N
z | MBOCIIE(LC km?a™) z | BECBHRE (tCkm2a™) )
&7 & |
= Ry 2
LS LSS \b@ 20 10 0 3 9 50 .
(c) (d)
600
— B\BB8(tCkm2aT) [ 1@®=2tCkm?2a)
—— RmE(TgCa’) 8007 [ m&Tgca™)
500{— %gggﬁiiguﬁ
— BESML
BENLME i
400+
400
J =6.99x-13690.96
300 §2=057 2001

200+
100+ y=2.76x-5411.16
R2=0.57
2000 2005 2010 2015 2020
T

BES: GSR(2025)0366S

-200+

RIS = R ) B 5 R A0 S 10 R P
W RERRL £ R S DS RIK S <e IR
Bin

Bl 2 (MR ) LS RGBT A 225 1E. (2) 2000~20204FNEPAE 458 52 [A] 434175 (b) 2000~20204ENEPAEHI AR L 545 [0 43417; ()
2000~20204ENEPAE i FlLE AN TA]AE 4K (d) 2000~20204F 4548 173 TN EPAE 73 1S

Figure 2 (Color online) Spatial and temporal variability of ecosystem organic carbon sinks. (a) Spatial distribution of average annual flux of NEP in
2000-2020; (b) spatial distribution of the average annual change rate of NEP from 2000-2020; (c) temporal variation of annual average flux and total
amount of NEP in 2000-2020; (d) the average annual flux and total amount of NEP in each province from 2000-2020
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Figure 3 (Color online) Spatial and temporal variability of carbonate rock weathering carbon sinks. (a) Spatial distribution of average annual flux of
CCSs in 2000-2020; (b) spatial distribution of the average annual change rate of CCSs from 2000—2020; (c) temporal variation of annual average flux
and total amount of CCSs in 2000-2020; (d) the average annual flux and total amount of CCSs in each province from 2000-2020
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Figure 4 (Color online) Spatial and temporal variability of Spatial and temporal variation of ecosystem carbon sinks. (a) Spatial distribution of
average annual flux of ecosystem carbon sinks in 2000-2020; (b) spatial distribution of the average annual change rate of ecosystem carbon sinks from
2000-2020; (c) temporal variation of annual average flux and total amount of ecosystem carbon sinks in 2000-2020; (d) the average annual flux and

total amount of ecosystem carbon sinks in each province from 2000-2020
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Figure 5 (Color online) Contribution map of CC and H4 to ecosystem carbon sink change. Relative contribution rates of 7, P, SR, and HA in the Karst
region of the Tibetan Plateau (a), northern Karst region (b), southern Karst region (c), northern Karst region (d), and southern Karst region (e). (f)
Relative contributions of 7, P, SR, and HA in the Karst region of the Tibetan Plateau
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Table 2 Comparison of NEP magnitudes
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2000~2013 NPP-RH 227 [51]
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2006~2009 SRR 330 [53]
2000s FET AR IRGHAT A IT % 1910150 [54]
b e
1980s~1990s HEBRGH 190~260 [56]
2000~2020 NPP-RH 148.04 BT
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Responses of karst ecosystem carbon sinks to climate change
and human activities in China
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In the study of global change, one of the key issues is the global and regional carbon cycle, and estimating the carbon sink
magnitude and determining the spatiotemporal pattern of carbon sources have attracted considerable attention from the
academic community and are of great scientific significance. The Chinese karst region, which has considerable potential
for carbon sequestration, is the principal area for carbon sequestration in China and even in the world. Changes in
temperature and precipitation caused by global warming not only affect the hydrological processes in the karst region but
also profoundly impact its carbon sink capacity. Nevertheless, no studies have as yet revealed the magnitude and spatial
pattern of carbon sinks in the Chinese karst region, as well as the mechanism of the impact of climate change (CC) and
human activities (HA) on the region. Therefore, to elucidate the spatial and temporal patterns of carbon sinks in Chinese
karst ecosystems and reveal their responses to CC and HA, this paper employed data on climate, lithology, and ion
concentration, in combination with a random forest model, a maximal potential dissolution model, and partial derivative
analysis. According to the results: (1) during 2000-2020, the average annual flux of the ecosystem organic carbon sinks
(NEP) and the total amount were 148.04 t C km > a™' and 374.54 Tg C a', respectively, while NEP showed a steady growth
trend with an average annual growth rate of 2.35t C km > a'. (2) The average annual flux of carbonate rock weathering
carbon sinks (CCSs) and the total amount were 5.32 t C km 2 a ' and 13.45 Tg C a”', respectively, while the average annual
growth rate of the CCSs was 0.04tCkm~>a'. (3) The average annual flux of the ecosystem carbon sink was
123.49 t C km? a”' and the total amount was 319.24 Tg C a'. (4) The carbon sink of the Chinese karst ecosystem exhibited
an increasing trend, with an increase rate of 2.16 t C km 2 a”', while precipitation (P), temperature (7) and solar radiation
(SR) respectively contributed 15.91%, 13.12%, and 17.85% to changes in the ecosystem carbon sink. The contribution of
CC to changes in the ecosystem carbon sink was 46.88%, and the contribution of HA was 53.12%. (5) In the karst region,
the total increase in the area of the ecosystem carbon sink was 184.73x10* km? while the decrease in the area was
68.27x10* km”. Furthermore, areas of growth in the carbon sinks were considerably larger than areas of decline. As the
main factor influencing changes in the ecosystem carbon sink, HA was largely concentrated in the southern karst area, with
a principal area of 64.66x10* km?. This study will facilitate the realization of China’s “dual carbon” goal, thereby providing
an important reference for diagnosing the country’s global carbon neutrality capacity. By integrating long time series of
multisource data and advanced modeling analysis, this study systematically quantified the dynamic changes in ecosystem
carbon sinks in China’s karst region with respect to scale, spatial distribution, and driving mechanism. Not only do these
results provide a scientific basis for realizing China’s “double carbon” goal, but they also serve as an important reference
for the formulation and implementation of global carbon-neutral strategies. To provide more in-depth scientific support for
global climate governance in the future, the quantitative assessment of the balance between regional carbon sinks and
carbon emissions can be further strengthened to explore the long-term stability of the carbon sink function and the risk of
extreme climate events.

karst, organic carbon sinks, carbonate rock weathering carbon sinks, ecosystem carbon sinks, climate change,
human activities
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