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Abstract: Evaluating the coupling effects of climate variability and ecological restoration on carbonate rock weathering—
related carbon sink (CS) is an important objective in current research on carbon cycle and climate change in karst
ecosystems. In this study, we estimated the flux of CS (CSF) in the typical karst valley of Southwest China from 1992 to
2017 based on the thermodynamic dissolution model for carbonate rock. We extended our research by using the Lindeman—
Merenda—Gold model to quantify the relative contribution rates of climate change and ecological restoration factors to CSF.
In addition, comparative research of the karst valley with the Loess Plateau and the Pearl River Basin was also carried out.
We obtained the following results; 1) annual average temperature and precipitation of the valley were both increasing
continuously at rates of 0.06°C per year and 12 mm per year, respectively, and after 2000, these rates of increase slowed
down. The annual evapotranspiration increased before 2000, and decreased after that. 2) The increase rate of fractional
vegetation cover (FVC) in the valley was 0.004 per year, and the proportion of increased area reached 95.07% , which

1

indicated significant ecological restoration in the valley. 3) The annual average CSF in the valley was 9.42 t C km™ a™" with

an increasing trend during the study period showing an average increase rate of 0.2 t C km™ a™", and the proportion of the area

with increased CSF was 89.28%. 4) CSF in the valley was affected by climatic factors ( precipitation, evapotranspiration,
temperature) and ecological restoration factors (FVC); among these factors, precipitation, temperature, and FVC had a
positive impact on CSF, whereas, evapotranspiration exerted a negative impact on CSF. The relative contribution rate of
precipitation in the valley was the maximum among that of all factors, with a magnitude of 70.36%. 5) We revealed the

coupling influence mechanism of climate change and ecological restoration on rock weathering process.

Key Words: climate change; ecological restoration; carbonate rock weathering carbon sink; relative contribution rate;

influence mechanism
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Fig.1 Spatial patterns of climatic and hydrological conditions in karst valley
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Fig.2 Temporal evolution dynamic of climatic and hydrological conditions in karst valley
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Fig.3 Spatial patterns of annual average FVC in the periods of 1992 to 1999 and 2000 to 2017

SRIRAEAS R MR AR o R 2 B BORES  (EAE s ) BRI ne , FIHTEE T BT R R 5503
TP ARSOSHEAR ) FVC 2EAT T 2 BRS04 (1B 4) o 48R BoR AT FVC 3N DI T R ELak

http ; //www.ecologica.cn



16 1 IS0 AU S AR AR R ST R A R IR R AR B B2 W Al 7

F]795.07% , o FVC B4 hNHRAE 0.003/a—0.006/a i [ P31 XIS E AR e R, a1 iR X T AR —2F
(56.15%) , FEZS[] L, FVC 4R bR i) DX 46k 3222 4340 4 25 PR AR AU A VL0 2 DA B A6 48 Pa b, 32 22 Ji ]
FE T H PA L R T [ =0 X AR S TR X, 1M 10 2 VUGB 0 A B K AL ip 2k TR KR IX A= 25 T i
PHIX LA BTG A 22 A I 22 08 L AR 25 T RE AR X, AR | 33 S8 Xl th 2R B AR IR 5 TR AR T
TR A R S X3 R A XA A A A A SRR R T R RS 1, REEZ AL R IE X 4.
939% (1) X I8 HC A w78 w5 2 e DD Y NS TR F KT FVC I8/ 1 X I8, 32 B0 A e R S AR SR B 8 5w db 48 =2
S DI DL R IF 5 DX R B ) SR MM 48 P R R 0 X J . FVC 97 e Xl i A 0 7 2 A0 P M 3¢ 6 [X 0 A 25 R
GEAR Aoy W55, BE IR T AR PR e At AR 25 ZR e AR [ gt 1ae FH b e 48t | 3 80K 8 0 DX S 4 7 5 15 O
HE— 20 A , AT TRIA IR | Bl 3R AR SRR T BE R IR 7 — R AN AE BB B - TR K
TN RSB T B G

106° 108° 110° 112°E
; ; 0.55 —
WA AR A1%(1992—1999) = 0.0013
. #43(2000—2017) = 0.0051
o
5
>
0 S 050
ZE
o M §
2 $ 5
% >
3
5
£ 045
. = o
% \ oS
Q - Y ’\/o —O— 1992—19994F
04 0%  —@— 200020174
0.40 LI | | | | | |
e o 1992 1996 2000 2004 2008 2012 2016
-0.006 -0.003 0 0.003 0.006 LEA Year

4 BEEEYMFVCEEZTANHRERETESR
Fig.4 Spatiotemporal variation of annual average FVC
LA o 1) e A A i LR R AL L 3t B 0 0 4 U B RE A LA 25 R e 254 N A g 52 e
Lezoitl, ZEm) (18 5) AT 2547 A B3 00 A i e B A — S50, AR AR o e fie oK e T 5 DX AR ) —

106° 108 110°  112°E 106° 108  110°  112°E 1066 108  110°  112°E
19954 ' 20154 : '

30° 32°N

28°

0

0 100km

[ I

W M N M ks W EPCHM O RAIH

BE5 A 1995 £ .,2005 £ K 2015 £ LR AL RS
Fig.5 Land cover/land use distributions of the valley in 1995, 2005 and 2015

http ; //www.ecologica.cn



8 JAE = 39 %

Ao, FEOMAEAEA TR, HUOE B, 29 SRR AR 13, EE AW AL )R A b PRI 4 A2
Fab o R R RS LR 9.5% 24, EE A AE B K )14

R1 ES 1995—2005 F T ith 7 AERBLERE kn?

Table 1 Land cover/land use transfer matrix of the valley from 1995 to 2005
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Land cover Forest Grassland Waters Cropland land land Area in 1995
PR Forest 111760 6734 816 25651 290 8 145259
HiHh Grassland 7118 12085 99 6199 44 1 25546
K3, Waters 731 93 2057 1364 126 12 4383
#FHb Cropland 25002 5705 1405 48864 1140 13 82129
A s Construction land 244 35 108 1114 514 0 2015

F A HIHL Unused land 10 1 15 22 1 64 113
2005 4E ST AR Area in 2005 144865 24653 4500 83214 2115 98 259445
AF AL Variation -394 -893 117 1085 100 -15 —
ALK Variation rate/% -0.27 -3.50 2.67 1.32 4.96 -13.27 —

1995—2005 AF-AHl | B bth, K A 1 FH bl 2 i 7K 3 b R i FH b B ARG i 17 (3% 1) o b R b b
MRS, 290 893 km?, /D3N 3.5% [ 2 27.86% (A it 553k T MkHb A A 6199 km?(24.27% ) B =
MGG T HEH . PRI T 394 km? , Hor 17.66% M L3k T8k, AR BEHL TP A 30.449% 553k T Ak
b, AR LA 4G T AR N TR 48 T AR BT Ik B Bt 303, AR b s /b 1 iR E n T, BLAE BT A - A S A
BN T A K, IR E T 1085 km®, BLAR, HEE LA K R IR R ), A B T 4.96% , B, BT
T ,1995—2005 43X 10 4R Al A A B R GR AL TR R LH B, AR SR AR 3 iy, (H 2
HY 3 [ SRt 1 — RV AE B B ARG , R AR A MG R TR B 28 A, | b K 3 B A A
et BOR T AR SR AN | (U2 - bR FH A 7228 A rhok b o) AR b R0 5 b 1 2 35 o € 28 R R b e 46 oo 72
o R K, UEBH AR OR3P S B I TR Ul 1 2

F2 BB 2005—2015 F L i F) BB ER/ km?

Table 2 Land cover/land use transfer matrix of the valley from 2005 to 2015
B A

1 HIZE A piS:i! HLH pi e b Comstruction Unused 2005 4 ST R
Land cover Forest Grassland Waters Cropland land land Area in 2005
i Forest 105279 9582 1269 27812 905 18 144865
Bl Grassland 9807 8576 169 5939 162 0 24653
KI5, Waters 1147 124 801 2164 257 7 4500
Bt Cropland 28265 6080 2253 44625 1957 34 83214
5 ML Construction land 428 68 195 1104 317 3 2115

F A HIHL Unused land 15 2 9 32 4 36 98
2015 4F BT A Area in 2015 144941 24432 4696 81676 3602 98 259445
Ak i Variation 76 -221 196 -1538 1487 0 —
AL 3R Variation rate/% 0.05 -0.90 4.36 -1.85 70.31 0 —

2005—2015 AR (& 2) , H FASBE TR — 0540 LR A & JE SRR i i, i 53 DXl |
I K SR e S B T R A A, T b B b D S e D RS He, R M 0 oA R, R R
BENT 70.31%, 2 1995—2005 AFEE SN A (4.96% ) B 14.18 £ IX FE/HAEL 13T 10 4k, FR i 1k
PERRMIAR . 6T AT bR RSB rh B b s D AR IR R, 2900 1538 ke, AL AS R bRt | w0t 1y T AR LA
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HE A, 2050k 33.97% K 7.31%, R, SRTH 55,2005 4ELLK W5 A2 A8 5 R Af 4 TR — 5 52 5 R
5, BIF DX R AR 2 R G Ak T A0 s PR AS  [RI B3 i Ab ifb R Rk g
2.2 BRERER A XALRRIC I 25 AL s 2

5T X 1992—1999 4F 5 2000—2017 4§ 2 /> i ] (% 4F 3475 R 6 5 AU A i V1368 £ ( CSF) 23 [8] 53 A A —
ZR(K6), B (1992—1999 4F ) IS 4EY) CSF 2949 7.73 « C km™? a1 45 =41 (2000—2017
M) FEAAEY) CSF 294 10.17 ¢ C km ™ 2™, 5B A0 L, 56— AN 4R34 CSF i RIEZM 13.33 t € km ™
a” JE/ME Ot C km™ a™' | i {H X 200 A TAEAS rhak ma i db e Bt | DL Ko PRAR R 5 53 M 38 A X, {1
(B X3 32 B4 A T 9 X AL AL 2 SR VE 4 s A Xk, 55— CSF ART 10—12 ¢ € km ™ a™' Z[A] ()43
A T AR A, 5 FE 2R 26% , Hik Sl CSF 7E 6—8 t C km ™ a™' 31 Bl P9 1% X8, LT AR o Hb 29 K 21.25% , 55 — A
B4R CSF K MEZ N 19.8 t C km™ a™'  fe/IME 1.76 t C km™ a™" | 555 —ABHIZERUAG R, B2 oh i
P FNE A S P R IH R e (501 I B A T AR R ER Tt | e AN A5 PU b b XA 9 1] R0 i PR A 5 X
B CSF RS T4 — WA T8 0K F o ARAE DX 0 A T AR B /b, 22850 A TR A e a5
B VG A F DKk, A A R 8 53 M X 3R CSF AR DX 3 i FR R B A 3, A P 2 A TR R K Y CSF
BRI 10—12 1 C km ™ a™, HE AL & LA 23.02% , HR O 12—14 t C km ™ 2 JEBEIN A CSF AL 5 1L, 24
9 20.56% , I Ah X BEHA PN AER CSF AR T 2 t € km ™2 a™" BY DA AR 5 FE (0.119% ) AR/ 0K 24 55— it
W1Z%5 9% CSF TR LY (8.29% ) B 1.34% . 45— AN CSF KT 10 t € km™ a™' A X IR AR 5 1L (56.49% ) J2:
55— B 9230 R Y DX T B (30.63% ) 19 1.84 % BT &, B8 4 1R ik T8 5 XU AR i VI 22 B 14 84
B T ABHIARE Y CSF AREL T55 — D IHI I A8 CSF 38K T 31.57%,

106° 108° 110° 112°E 106° 108° 110° 112°E
T T T T T T
1992—19994% 2000—20174%

.........

32°N

30°

28°

| —| 0
0 100 km
BRBR AR RALBIC 358 i/ (t Ckm™2 a™!)
I
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B 6 1992—1999 ¥ 2000—2017 FIEBHREBHENZRUBRILZE R HIES
Fig.6 Spatial patterns of carbonate rock weathering related carbon sink flux ( CSF) in the periods of 1992 to 1999 and 2000 to 2017

ET BB R s 4 CSF 3G DX R & L2928 89.28% (8] 7) , 3K % 7F 0.1—
0.3 t C km™> a™ YU N A9 X BRI AR 5 He e R, 53] T 46.08% , CSF HE K H R KT 0.3 t C km ™ a™' (9 X I8 i FH
FL 298 28.97% , #EZ5[H] L, CSF 3% it Ay BH 8 ) DX 3, 1 45 b 38 S s 25 D 50 5 DRI D )1 58 314 IX 33, CSF
/D B XA 2 A FR B IR, — AR A e 3 BN A BRI, O A A LRI A R R i A R S 2RI S
DTSR, BRI S, A A CSF AL T3S AR A BF 7300 1) oy HLAE 38 KR 2998 0.2 1 € km ™
a”! (H AN R L AR R F B — B 25 5, 1992—1999 4F | fli A 4E ) CSF M %294 0.65 ¢t C km™2 a™',
MM 21 40 LS M A2 CSF 3 KA 0.19 t C km™ a™' (& 7). #FFEHIN CSF BY4EFRIE S K, 78
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2002—2006 4E 27 [6] , K AF 14 CSF AR | R0 — W Ausi /b a3 Husi /D 353 17 1.92 1 C km™ a™',
X T IR A AR R R B D T B A Y IX K IR BRSO O, 2002—2006 AF Al 4 [ R U
DT 24.49% LD H IR F] T 69.23 mm/a,

106° 108° 110° 112°E

A12(1992—1999) = 0.65
#42(2000—2017) =0.19
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Fig.7 Spatiotemporal variation of annual average CSF for the valley

2.3 AR A R AR AR RIS e ) o A

FAERABRITC 5UF 2 N £ A B SV, AR ™) g n e D) R Sk 2EE™ A
WY R AR ST ) A SORHAF 9T X AR K S0 (IR RN 2R LR ) RS T T
(FVC) MR ER A A2 AR 52 M AT B AR DR 3R A T4 . 1992—2017 4FHE 43 W i DX 9 1 ik 7
Eh A A BRI R 4% DR 72 S BB i a3, Horb CSF 3R J9 0.202 « C km™> a™" | BTG INE SRR, 240K
12.005 mm/a, ZEHUE A HR LY R 1.378 mm/a, i EEFN FVC 3K ECH 08 K 3R 53518 0.056°C /a Fil
0.004/a( [ 8) , MIHASREILL 1 0] W, CSF 18 7% il 4% 55 4 i il 4 e 38 R Ak — 2, Bifi 2 4 W A 450, CSF A2 3AH
[l ka3, AH M, CSF AR RRAE S ET AR HAT MR AR , B 2850k B3N, CSF B0 PR
X —HFHERBIES 5 CSF AR, irg 7o B a5 CSF A R B0, 881 T 0.968,
HRSEA B 35, S CSF BIAIOC R BN 0.478, BEFE AT X3k A 25 R G VK ., TEAG A A 9l 2 2 A 0 A5
FNFETH B TR, v 3l ot DX A s PR 5 o A B Y Ryt A5 38 1l 28 Uk RNRE 5 CSF A 6 R B 2
A HZ ET 5 CSF 2R AACOCR A R ECH-0.331,1EF 5 CSF I IEA I HR  HAHC R4
2979 0.329, BT LMG BB 214 55 K 7 X 1 43 W i K8 CSF A AR X DT iR 45 5 (&1 8) Wl 1, [ i o Xof
CSF 9 T iikdne K, Hotik R 5 2] T 70.36% , SHISCH AR 1S, STHRRESE R e 28850k, HoTikR H Fve
B DR RIS, 20°8 11.72% ,FVC XFF CSF B 5THRF N 10.63% , IR XT CSF [ TTHRR A 7.29% , VAT,
5 DX P9 AR R 2 KA 2 B S AR A R 26 (B 28I R ) BB 8T 2 J T A s ), JH rp
VL Ko A 25K B U i PR F- FVC % CSF S E I 20, ET X CSF 4 17 [T 5% 0, [ W9 X THF 98 X, CSF 1 5T ik %
=K,
3 itig

3.1 AR KA KN A WA R 14 5 R R BIL
BRTR 2 A R A2 B A AR AL S AR S B L )20 0 T UMK SO 3R R e B DR E T XY
IKEEAE SRR T 1K 3 ) i B ORI, R T B R R e AR R JE P )l B R 8 At o XL AL i e )
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Fig.8 Temporal variations of annual average precipitation (P), temperature ( T), evapotranspiration (ET), FVC and CSF with the

relative contribution rates of factors to CSF

KA A TR S A K T R COLBTHE T AR A I BN T XA 9 e A, SEBRZE SR R T X,
B 7K A 2t b 28] 47 T A 52 ), DATTRT IRUAb el A = A T — s BRIV E L (R KU R 2 B e A2 1) X3 ) A
7K IREE FSE 0 A3 7K A T DA B R B P RS B 5 | i S A AV 1 B — PR R ()5 ), T 2 22 R 3 3L [
YERI B ZE S, i gl 0 T KA 3 AR A5

A 11 A — T T PR T AR R P RF A S 4R T 3R A A5 1 COL MR, 25 I VR F I i 2 (i A5 A B AR
FRWKAE B3 | E 1 2 (A5 - 5K B REE BN T A A Ak KA A T K 85 55— i il T R i
B IO RIS ML, (45 DX 358 1) /K Vs Y L B 0 ol | R T AR E A T fb 2 U R A AR W O 2 34
IR TE Y, AT Y REA RO RO E2 K 4, R RE R T /K 437 = S v (e 5= A st 1], ik b 36 28 %
ItrefaE R SRR AN, U85 Y T e AR A O DA Rl S R AR R S RE NS
FEAENT IR AR, SIS 4 b A2 E KA R Ak T R R Y PR SR S T A KR
iR,

P AL I R 0 RIS, 20 1 A 0 S5 A5 0 R S R A, AR A B A K R TR AR O A R
FHP=AE Il 2 R 5 i AL R R T R B —5 A KA I 2 ] 1) — i I S s (11 9)
3.2 AHfENES T

ARWFFE A B T E SR (CMA ) S ) b 1T A0 5 LI, PR oy LSO 1) o [ 1255 32 B ol 4 2013
AEZHT, BRI, R T SEAR SCR FH M S S 57 % S i, FRATTRI A CMA SRR AY R b 1 X0 0 50 B0 A 56 i
FERBRERE . AR SO A 9 K B 1 120 A5 0 1) W B (hitp :// data. cma. en/site/index. html ) X 4% 3C
BIREK IR B AR BE VM (18] 10) o 455 R X FRK R, CPC K CRU 72 okt LI B4 A 1 15 446
W2 (MAE) 2 0.33 mm/ K, 751225 (RMSE) 4 0.58 mm/ K, B AH K R E(R?) ik 5] 0.87, K& TR 7 i Bl #
PR B2 A HAERR 53 X 38, CPC & CRU 77 A LI T ML EDULI 25 5 . tk4h, CPC B CRU 7™ 5l A AE 24 TR AH
SF T LI ) MAE F1 RMSE 43514 0.002°C F1 0.003°C , R*Jy 0.96, 5 WL 45 5 My 4 484, Fe WA SCRT 7~
AR AERIF ST X PN RS B 354, A8 SR B i (R T AR AT B R b, SEPRZ2E B B0 © 2 HoAb BT 5T
FRENFATIGUE) | A IR ZAHCHFSE X% NDVI A4 24> FVC 77 i 2 fiE T NDVI 1Y FVC
RS O (g R T AN SE PR T T ARG TIE

X FATSCIT AR A PSS AR 3 5 | I 3 0 5 ML 2 ) S PR R A7 T et % el ik
Jei POASERYAS BORE BE 70 U S 4 I RUBE , e FL A A 55 R 945 2] T4 FE A BB IES i an, i LA
() P E BRI A XL A 298 5.02 t C km™> a™' P SR 5K AR (5.22 1 C km 2 a™' ) ALAE AL A
2:(5.10 ¢ C km™ a™") WM 25 RAR R BEE L 8 BT WFFE B0 AN 2 1 T LA MCRICHE AR B A i £ 5
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Fig.9 Coupling influence mechanism of climate change and vegetation restoration to rock weathering
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Fig.10 Comparisons of the precipitation and temperature observations to those of the CPC and CRU products across all the available days

at 120 weather stations from CMA
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S WA T B RS 150 RUBE BEA TR e iR — 2P O DRI 5T, E B 150 B Ui kS Al i o P
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