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Abstract: As we all know, karst areas have fragile ecosystems with strongly spatial heterogeneity and large carbon sink
potential , which is sensitive to climate change. The change of land use pattern caused by karst ecological governance will
lead to significant changes in ecosystem carbon storage, which has far-reaching impacts on the carbon cycle of the terrestrial
ecosystem and regional ecological security. Take the Nanbei Panjiang River Basin in the typical karst area as an example,
the InVEST model and hotspot analysis were used to assess the impacts of land use change on the spatial and temporal

distribution of carbon stocks in the Nanbei Panjiang River Basin from 2000 to 2020. At the same time, the FLUS-Markov
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model was used to predict the changes of ecosystem carbon storages under different land use patterns, according to the
characteristics of carbon storage agglomeration. Research results showed that: (1) from 2000 to 2020, the land use type in
the study area has changed from high carbon density to low carbon density, resulting in a cumulative loss of 90.36x10° t in
ecosystem carbon storage. (2) Carbon storage presented a spatial pattern of “low in west and high in east” area. Hot spots
were concentrated in the east and southeast study area, while cold spots were mainly distributed in the west and southwest
and weak significant areas were mostly in the north area. (3) Under different patterns, the carbon fixation capacities of each
hot spots were significantly different. The average carbon density of hot spots was more than 155.40 t/hm’, which was
obviously higher than the average carbon density of Nanbei Panjiang River Basin (143.59 t/hm’) in 2020. At the same
time, the carbon sink capacity of the weakly significant area was close to the average level of the study area, and the carbon
storage loss was less under Natural Development Pattern ( NDP) and Economic Development Pattern ( ECP). On the one
hand, the carbon storage loss was severe in cold spot area under NDP and ECP, on the other hand the carbon sink increase
rate was 1.38x 10’ t/a under Ecological Protection Pattern ( EPP), which was significantly higher than the weakly
significant area (0.30x10° t/a). In general, it means that the carbon fixation capacity of land use pattern under the
influence of EPP is better than that of NDP and ECP. This study can provide some scientific basis for the optimization of

land use pattern and ecosystem management in karst areas.

Key Words: land use change; ecosystem carbon storage; InVEST model; FLUS-Markov modle; Nanbei Panjiang

River Basin

R COL T s M A BRI AS Ak , Hy I 5 PR3 TR, 45 25 N S A A A7 M A Tty ohe 5 A B A 4k
R BRI AR S B A Sk 2y R R R AR D R, B R AR 2 )2 R, R AR S R
Ge HAT K ABRIC T RE , 75 2R AU AS AL ANBRAR IR rh i 25 26 L B A AR T o b R P A8 Al 2 5 i Bl st 2
BRGAE L FZIRGH IR Z 07 AT 2525 745 R G0 WA AR ) 1 B0 2 - 0B 2, 9 T332 ) [
S B it i RS RS R GERRAB R AL AR SRTAT i R A T FL A e BN e, DR UG T A 7S AR R A
T 3t R P A B PR A AT AR RIS Bl 0 A 25 R GE A 55 A FH AL 55 4 i DR B A0 1) AL
Z =1 AR I A S R GRS A BRI T R R R AR HE T X T S R IR A R,

UEAFAE , I M7 28 B0 L M R A X AN ) A 25 2R Gt i D RE 52 M) FRR 5 € R JT 17 B R 5T
b5 |, Bhan Manan 554t Al T 42 BREAGHT by DA BB 5 HE A0 A: (0B it I 22 0 G R ) Decena S54RI e Sk
3 - R PR A X i et AN YR LSS S0 1 A R DA, A A DG T BT VG LT DX R A 1 2
BARNEFRANTR), XA 25 R G W BRI REAFAE 3 22 571 . DATERFFEIE W] ) S A A 25 R e it HL A
HEG, LA S R G R BIL I REAF R R ) 2SS oot . AN e S5 DO FR Bl 2 A 7e b
FEHRL Ry vh R O 1 R SR R 2 — | R EL R BRI T K AR T A 12
AR 7/ NS [7) bt ) P 28 18 S BILBB A st R 23 A AR IR 5 0 0 4503 o R st D A i 3 T ) e 30
Rt XA R AR ES AR ARAE S R GEM B R DAL RS 1 0 v A0 S I SE A e ] 1 i R X AR S R B
HAT KA [ BE TT , (EURAE R 5 N IT R A S R ST fift i i s S S LA A S B B S b . AT, 5L
FOUTHEI R A - i Joy Xof A 285 R e e il 140 2 W 8 47 F8 A 2% U A A9F 7 B4, i il B0 A o 3 3t 1 il 5
PR 43 DR RUBE AIF 9 A TR Xl A A8 98 S B P IR 90 3 B0 S A D PR B X AR R 2B 28 R e i i i
IR

B LBV BRI b0, 7 T v [ g Oy W S Rp s IXC 2 A R e S8, A0 AR T AR 3K 1.46X10°hm”,
SRRV AT AL A A ) I R ™ F A DA N AN B T R 0 s, IR T AR . R L S
Sl BV A A A BRI IR BE ) B R M BR VL i AR S 2 4 A 2000 AELR %M TR T BRYL
W R AL BT AT HDOK R R £R A IR B A TR (LU IR BRis TR ) A B sr Sia B LI TR 45/

http ; //www.ecologica.cn



3502 JAE = 43 4

BBEREME | SC T AL R A e R R T R A RRICRE Y AR R kA TR
AR A2 R GERAI DI RE B R E PRGN

TR — N ZUIREMLE A A R GE, IR 4 BT it DR IR 55 [ U V) S mT AT A RG& a2,
AR SRR AE BT AL 2000 4E 2005 4E 2010 4E 2015 4F 2020 4E 5 # - #u A FHEEE , I InVEST K RIPEAl
TIF 5 DX Al i St 114 G R B 28 Yl AR R, 44600 = i ) P 8 Ak o0 A2 25 3R G e B 2 190 52 ), XA R 3% 1 % 17
FEHL XA S R G, Hl e IR E A HEBOR A RS E M EME L, SRR K, EERE
Tl AR, R 25 57 0 3, AR SUfE T FLUS-Markov A8 RUARAE RS 43 XTI 15 9K & =X Az IR R =R o
BT 1 A A% S R0 7, X o0 DX s 4 B 0 190 e e 8, LB 30 o 4 X3 B 1 s O L X
AR R GiAd i, R SR T Rk kR AL A R X LA A S R G4 PR LR A AR AR

1 HRFGESBIEFRE

1.1 WF5E XA

R BRI R T = B MO T S5 AR MK S L, AR BRVT IR PEVTK & _RIi7 (102°—106°F,23°—
26°N) , HABS RS AR E L IR TL T T AR 2 4, AL 2 SN 4 Bt B30T O AdL &
I ALK R4 = oM =4, A K 1363km, R 83449km? (& 1) o iZ T T W HGH 2= X
S AR 16.6°C  AFRE RN I 1182.4mm , RN RIS A FEAE IS 58 T X 3R ARk, R b A VT It 3l b 34
PEILES AR, W e S 5 ALY 70.36% ) R IR B o LR A SRR O, A A R B IR A, R
MR, 255F T A B RGN BURA Ry 5, (TR 5 R A AR 5 i B B e T N A
feim kA, 21 224, BRSO T IR FF MR A AR AR B TR, A A i R v, = R ARk 3%

102°00’ 103°30" 105°00’ 106°30'E
T T T T
IE
GivlE=)
Z Z
=] (=]
o o
n o 4%
(o] (o]
> IR EEE | o
(=] | | (=]
r r
o o
-« L Fifi/m
0 50 km & T 2872
> iR 260
1 1 [l [l
102°00’ 103°30’ 105°00’ 106°30'E

E1 mit&InErErsE

Fig.1 Map of Nanbei Panjiang River Basin location
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*3 WEHEFSH
Table 3 Neighborhood factor parameters
N - ; ; H A
LI P ot o A o e S T
Land use type Cropland Forest Grassland Shrubland Wetland Water land Unused land
an
AR IBANTE Neighborhood weight 0.3 0.9 0.5 0.9 0.7 0.8 1 0.8
F4 HBERWIE
Table 4 Precision validation
431X Partition Kappa 2% Kappa coefficient BAAKEEE Overall accuracy
T IX Hot spot 0.89 0.94
X Weakly significant area 0.94 0.96
¥ #UIX. Cold spot 0.88 0.92
*5 THIREEFEERIE
Table 5 Land driving factor data sources
Hdi e EEITE Hodl A v
Data type The name of the data  The source of the data
EE/SE HIBF R DEM o FEZS A1 2 (http - //www.gscloud.cn)
Physical factor 353 5T DEM 421
HERE AEHR BEIR B2 SEAE BT 0 (hitp -/ www.resde.cn/)
LERRK R
HSATHRR R
Socioeconomic factor NEE:S
ZHHR
SR BRI I B
B g A BE B
F PR B RS
GDP

LS8 3% 695 AMAEA KA, 15 8 b M) ISR R R AC Bl 4 8 P P (LA D e R OB T .l TR it e ]
3 A 3 B AR REFE T AT WL Bk it 1) SRR D U2 AT BRI 0(3R 6) .

®6 MRRXETHMAREBOBEE/ (vVhm?)
Table 6 Carbon density of land use types in the study area

ik SR T S R T B i FETA LR L
A Aboveground Subsurface Carbon density M
Land use type carbon density of carbon density of of dead organic Soil carbon density
vegetation vegetation matter

B Cropland 0.00 0.00 0.00 104.20
Ml Forest 50.61 12.13 0.00 112.06
U Grassland 0.95 9.00 0.00 119.61
#EM\ Shrubland 15.01 9.41 0.00 89.93
it Wetland 0.65 0.26 0.00 190.64
IKIE Water 0.00 0.00 0.00 0.00
ML Construction land 0.00 0.00 0.00 0.00
FK A i Unused land 0.00 0.00 0.00 0.00

1.3.3 R EERRT Sk
e b W S0 A 2 R R A i (8 BT WSS LU BT, AR S 32 M PR R A B 2 (L A e AT WFFEE
B, DR M LA Ao RS B AT S, T TR XAt A B (R 7)
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X7 AHRERNERATHHRBZEITEE/ (/hm?)

Table 7 Comparison of carbon density between this study and existing research

- 4 ) 2 A WFFEIX ik T P 3l
Land use type Research area Method Carbon density(t/hm?) Source
B Cropland LT TR 104.20 ARAFTE
bl Rk 112.26—115.31 [37]
TSR SCHiki: 110.87 [38]
M Forest [ZEl%=Ran (T RIUNR 174.80 EN T
gl FEITIE 190.53 [37]
i FET I 179.08 [39]
i} FETT I 140.45 [16]
Bl Grassland AL R 129.56 NI
pivll R 105.30 [40]
FargHbIX FETIE 113.09 [41]
P BETT 133.84 [39]
#E M\ Shrubland Rl = Ran [T RIER 114.35 A
=M FEJ7 106.14 [42]
St FEJ5 ik 88.34 [43]
J7Pg FEITI 160.79 [39]
2 GREHNR

2.1 MR RIS fif AR AL RAE

2000—2020 4F-, m b ALV A= R 2SR IR A Ry 3 o5 3 AR 52% LA b, B (24%
Ph b)) R (14% L) 1) Hofth 4 MR RS BT o5 B B34/ F 10% ., 20 4R[E], “BRip TR VIR R &7 4
A TR SE T N = R R e e, AR JE A TR M KA | 5 b A ) P s 1 T R R S 3
M FIR oK , B P R 22 (1046.32km”) A MR I 94.46% , =2t Bk Fodh MR A . RO PR
FEIN 43 5150 312.71km* [ 230.84km?  MicHl == 22 ph kit | Rt W A A E N T2l Bk FobR b e A Bk
i A ) T AR S B D B 22 (1276.93km? ), =B AL R b R EEBE FH L, BB s /D 374.85km?
FEE kb R P RMRHD (] 2)

Hth20
755.64
ca 737.84
R 020
237.13
184.50
HEMO0  W131.89 A F) FH 1120
20.92 BEM20
HI00 | 1235.99 154120
301.18 K20
144.51 Iﬁﬂgzo
00 18.15
341.53 HEH20
IKAK00

2 2000—2020 £ RFIL &I E L R B 5%/ km?

Fig.2 Transfer matrix of land use in Nanbei Panjiang River Basin from 2000 to 2020

FLELIT 78 2000—2020 4F B Iefifie B 11831.01x10°t P& Z 11740.65%x10°t, A T FEIREE K 90.36%10°t,
2000—2005 AEBR A% & D AP, - 25 R B 6.32% 10° Va; 2015—2020 4F i /D 3 8 S E EE R 3,15
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10°V/a, FEAIRIZE, L3R 2 X Sk A it DT ik A, o VB 1 1Y) 75.93% , Hb AR FEIR 2 (18.64% ) , b T filk
ki (5.43%) . FER AR {E T, 2000—2020 41 4 HEf fif 3% Wik /D, B 107.99%10°t €, 2000—
2005 4N [ B e b (6.13%10°/a) , BRSSP 5K, i 1L , FEAR 135 B AR AE 1, S 2UR R A 1
Do BRAE ARSI BEIE N 16.47x10%t C, Hir 2005—2010 145 K (6.84x10°1) 5 Hbu T B il i 2 B i
<UD S BN A HY, 2000—2005 AETE/L 0.77x10°t C,2005—2020 4E S B #2015 E R TR E,
SN 1.93x10°t C, Hb b T T 5 S 57 31 18 BF 0 ARGA 7 T RE 1 5 ), AR w7 T R AR R [ AR BE ) 3 o
(E3),

—e— kAL —a— b LafE
—— B —=— T
11840

11800
11760

RBRfEE

/(X 10°t)

EE U1

/ I 2202

/(X 10%t)

Hb_EB A

2190

/(X 10%)
o0 (o] O
O O <O
S W O
(== -1
Aboveground carbon storage Total carbon storage

/(X 10°t)
3
o

Underground carbon storage  Soil carbon storage

H R B

2000 2005 2010 2015 2020
44y Year

B3  2000—2020 FHiL & T REBRRERBETN

Fig.3 Carbon storage change of carbon pools in Nanbei Panjiang River Basin from 2000 to 2020
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Fig.7 Hotspot analysis of carbon storage in Nanbei Panjiang River Basin from 2000 to 2020
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Fig.10 Spatial distribution of land use, carbon storage and carbon storage change under different patterns in weakly significant area
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Fig.11 Changes in land use area and carbon storage under different patterns in weakly significant regions from 2020 to 2040
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Fig.12 Spatial distribution of land use, carbon storage and carbon storage change under different patterns in cold spot area
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Fig.13 The changes of land use area and carbon storage under different patterns in cold spot area from 2020 to 2040
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