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Fig. 1 Location of the study area
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Table 1 Main data information

— A8 4G =RAERR b6/ 3l
R
W T W o353 6] 55088 = (https://www.gscloud.cn/)
B
A SRS T4 rp ERL2E B TR I BB 2% 5 805 Ho (https://www.resdc.cn/)
ik
T éﬁf i’zzj{(; pE S 40 (https://www.cma.gov.cn/)
FE B PR+ IH—fbda%L B SR A 25 M (http://www.gists.cn/index.html)
UNEE- s
GDP rp Rl B SRR R B2 5 B0 O (https://www.resdce.cn/)
IRET
27 S PR [ R At o FRAE B 0 (https:// www. webmap.cn/)
e SIBUR Fr T‘fﬂﬁﬂﬁ%‘
R 23 FIE LR
Elf 73 TEr

) S R OpenSteeetMap (https://www.openstreetmap.org/)
—guH

B =GB R R

B JUSEAGEN 2 S EN)

I B %27 (http:/landcover.org/aboutUs/) .

Hu P2 6] 3508 2 (http://wwwascloud.cn/)

CLMTGEAE4E) (http://www.anshun.gov.cn/).

(A=A e b AR 25 ORI 2 ) (https://www.yearbookchina.com/)
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Table 2 Probability matrix of land use transfer

d- bR G 5 - b S Bl Mt Ol IKIK AW A FH Hb

Bk 0.60 0.27 0.00 0.01 0.12 0.00

i 0.12 0.80 0.04 0.01 0.03 0.00

e Fih 0.30 0.51 0.14 0.01 0.04 0.00
K 0.00 0.00 0.00 0.97 0.02 0.00

R 0.37 0.04 0.00 0.00 0.58 0.00

SR 0.10 0.66 0.00 0.10 0.03 0.12

Bk 0.57 0.34 0.00 0.00 0.08 0.00

i 0.12 0.82 0.04 0.01 0.02 0.00

e Fih 0.26 0.59 0.12 0.01 0.02 0.00
K 0.00 0.00 0.00 0.97 0.02 0.00

R 0.37 0.04 0.00 0.00 0.58 0.00

SR 0.10 0.66 0.00 0.10 0.03 0.12

Bk 0.59 0.27 0.00 0.00 0.14 0.00

i 0.12 0.80 0.04 0.01 0.04 0.00

R Fih 0.30 0.51 0.13 0.01 0.05 0.00
K 0.00 0.00 0.00 0.97 0.02 0.00

R 0.38 0.03 0.00 0.00 0.59 0.00

A A 0.10 0.65 0.00 0.10 0.03 0.12
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Table 3 Domain weights for the three simulation scenarios
TERE Hhis b T, 7K, ese gl FAF) I Hb
ERZSTE 0.6 0.4 0.2 0.2 0.7 0.1
R 0.2 1.0 0.9 0.6 0.4 0.1
BT R R 0.7 0.4 0.3 0.2 1.0 0.1
F4 ETEEZSTMFRAERBAGERESNHNELER
Table 4 Ecological value equivalent per unit area of land use types in Puding county
— g2l TR kb b, HE b, 7K e gzhile A b
W= 0.85 0.19 0.38 0.80 0.00 0.00
HEZ RS JEok A 0.40 0.43 0.56 0.23 0.00 0.00
KGR LS 0.02 0.22 0.31 8.29 0.00 0.00
SVZSRE 0.67 1.41 1.97 0.77 0.00 0.02
= S
. AR 0.36 423 521 2.29 0.00 0.00
RS i
7S 0.10 1.28 1.72 5.55 0.00 0.10
Vi e'alini 0.27 3.35 3.82 102.24 0.00 0.03
s IS AT 1.03 1.72 2.40 0.93 0.00 0.02
RS AR IGER 0.12 0.13 0.18 0.07 0.00 0.00
Yk 0.13 1.57 2.18 2.55 0.00 0.02
CACHRSS FE I 0.06 0.69 0.96 1.89 0.00 0.01

TeE, BARZ AT TN ARAEB RS T B &N
ST E I -ERE” MR, A A A ik 2 P 2T
Gi—EHL 2020 A2 B HMREE 6228.57 kg-hm
FURRE SO A% 2.93 J6-kg ' R BHTHFSE X AR
YERI 2 T BB IE, 15 35 e B> ESV X K]
T BN 2607.10 J6-hm >, R4 LR A 20315415 3
e BRNTR L A FH2R RN ESV R B3 5) FAH
) ESV, A A KA
VC,=VxCy (1)
ESV = Z,Zf (A X VC}) Q)
Krp: VC, Fon s i Bl MR HIZEAI A5 £I0 ESV &
B (PR JG-hm )3 Cp o i 25+ 3 ) FH 2 AU 55 T
ESV ZECRA AR A B M E S (LN ; v
SEH A ESV Y4 i K 1M 2607.10 JC-hm *; ESV
e B AR R GRS S (07 JT) 5 4, WA
i A bR R B T B (LT 2 hm?) o

24 ESV&RE

ESV f sk i i 5 ESV A {H 25U 72 B 1Y
FEAEAR, AR N,
_|(ESV,-ESV)/ESV,

CS =
(VCu—VCy)/VCy

3)

Kb vC B EFR B, i B j 43 TR T IS M0 (e
FEL k FoRANF L MR 2SR CS U, 2
¥ VC A 1% 51 W) ESV AL M, Wik CS>1,
ULHH ESV X} VC & A L iR CS< 1, W B ESV
XF VC = bk, BT b R BA A SRR

3 HREHM

3.1 A BAEHNTKL

5% 6 A1, 1973—2020 4F, 5 B+ ) A8
A 3R B0 A A b TR i 2, T P AR A A A
HEHBAE R A5 X A0 32 2 4 ) ISR 22—, S8
[t 50.00%. {H 3 50 4F [ia] i AR 3 gk 2 12172.80
hm’, Y& 25.08%; MR “V7 FRIEK
BN R 12.52%; HEbh T FLE LT 50 4F (B R Bk
AN F ) B % SRR AE, 7E 2010 4F ik 2 05 {8 (8209.92
hm®) 5 Bifi 2 SRAE AL RN AR A5 B8 R AR UK ROt B
i T AR AR G 5K, 1973—2020 4F HE A Hb 2 1
1 9408.00 hm’, 14 /i1 Z&3K 6681.82%; /K I, 1 AR A
SRS, BN 233.73%; o A i AR
7 Fe AN, AR AN B

P T 2 AL, B A A A 15 e R AR Ak A
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Table 5 ESV coefficients for different land use types in Puding county /yuan-hm
— A - 3l Bt A Hiih K3k R R
W™ 2216.04 495.35 990.70 2085.68 0.00 0.00
HELA IR %5 kA 1042.84 1121.05 1459.98 599.63 0.00 0.00
KGR IRALLS 52.14 573.56 808.20 21612.86 0.00 0.00
ST 1746.76 3676.01 5135.99 2007.47 0.00 52.14
. ARV 938.56 11028.03 13582.99 5970.26 0.00 0.00
P RSS
HLAEE 260.71 3337.09 448421 14469.41 0.00 260.71
FRICI AT 703.92 8733.79 9959.12 266549.90 0.00 78.21
TR 2685.31 448421 6257.04 2424.60 0.00 52.14
XHERSS HeREFEHEIR 312.85 338.92 469.28 182.50 0.00 0.00
YR 338.92 4093.15 5683.48 6648.11 0.00 52.14
SCARIRSS FEFM 156.43 1798.90 2502.82 4927.42 0.00 26.07
Bt 10454.47 39680.06 51333.80 327477.83 0.00 521.42
*®6 LEERLBHMHEMRRESGE/MHm?
Table 6 Area and proportion of various land types in Puding county/ hm’
s Bl M i pi et U AR
10734 T /hm’ 48527.36 50608.64 7255.04 645.12 140.80 903.68
i E/% 44.90 46.82 6.71 0.60 0.13 0.84
10804 T A/hm’ 75681.28 22105.60 6179.84 765.44 384.00 3351.04
i E/% 69.77 20.38 5.70 0.71 0.35 3.09
20034 T A/hm’ 58378.24 26677.76 6853.12 1758.72 2060.80 2012.16
i E/% 59.73 27.29 7.01 1.80 2.11 2.06
20104 T A/hm’ 42621.44 49730.56 8209.92 1328.64 4282.88 2229.76
i E/% 39.32 45.88 7.57 1.22 3.95 2.06
20204 T A/hm’ 36354.56 56947.20 3200.00 2152.96 9548.80 302.08
i E/% 33.51 52.48 2.95 1.98 8.80 0.28
1973—20204F H B S fk it /hm -12172.80 6338.56 -4055.05 1507.84 9408.00 —-601.60
1973—20204F I AR L% /% -25.08 12.52 -55.89 233.73 6681.82 —66.57

Jg . B AR 1973—1989 4Ffu) 2w b T, AY
16 AE5EHE AN T 27 153.92 hm?, # K Rk 55.96%, T8
J IR AT i IS PN 2 b S Rk T 4 AR R %
& 5 J=, JF B #F b DL A R A AR 95 Ak b i AR 7R
1973—1989 4% 1 i) &2 B W 2 X F B, T B &0k
56.32%, H 2000 43 22 H 5 2R Bk ok 7L TR DA
K, W VU RS ARIETBANE A R Y T R B A pcb A
T, (A5 1989—2000 4T 1 [B] A b 15 b 11 £ 43 531)
HAINT 20.68%. 10.89%, W Jim A Ml 1f B 2 2% 41 14 0
A H T 50 4R LR AN 6338.56 hm’; Fifi 5 4E 2 2%
B PR 2 i, 3 s B 5 ) M TR v R R S
PR A —” Pk E, 2010—2020 4E B ML
KA IR 21 10 4F, KRR 122.95%, 12

PR T 2 BORF R ) B 7 b R R GT BOK,
TE HO 0l DX T A i 48 e A T AR R At 2 3L 15 i 5
Tl 233 1) . K SRN R ) FH e ATE 5% B N 2 1) AR £k
95 N R
3.2 ESV &

2 7 "] 41, 1973—2020 4E, % & B ESV 43
4 31.00127C . 22.38 427G . 25.98 /2.7t . 32.77 447G
1 35.09 127G, SRS S/ D i Atk . H
KBRS ESV 284k B ok 3, 3 SO AR R m T
4.94 {2.7T, A 233.73%; FRHLXT ESV 1Y BTk i
K, TASEEEE S5k 20.08 12IC . 8.77 /27T . 10.59 12
JG. 19.73 AZI6 A 22.60 127G, A 7E 1973—1989 4F- 1
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Fig. 2 Spatial and temporal pattern distribution of land use in Puding county
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Table 7 Changes in the ESV for various land use types in Puding county /10° yuan

T oA A Wb b b K3 H KA b it

ESV 5.07 20.08 3.72 2.11 0.00 0.0047 31.00

19734F
Hefgl% 16.37 64.79 12.02 6.82 0.00 0.02 100.00
ESV 7.91 8.77 3.17 251 0.00 0.0175 22.38

19894F
L f51% 35.35 39.19 14.17 11.20 0.00 0.08 100.00
ESV 6.10 10.59 3.52 5.76 0.00 0.0105 25.98

20034F
L% 23.49 40.75 13.54 22.17 0.00 0.04 100.00
ESV 4.46 19.73 421 435 0.00 0.0116 32.77

20104F
Hef5% 13.60 60.22 12.86 13.28 0.00 0.04 100.00
ESV 3.80 22.60 1.64 7.05 0.00 0.0016 35.09

20204F
L f51% 10.83 64.39 4.68 20.09 0.00 0.00 100.00
1973—20204EES VAR L -1.27 2.52 -2.08 4.94 0.00 -0.003 1 4.09
1973—20204F-ESVZAE{b%/% -25.08 12.52 -55.89 233.73 0.00 -66.57 98.71

], %2 H ESV BRAR TR, T REARIAF] 27.81%, iR
A AE S BT I [B] B I Ak T SO TR ) 4, 3%
BN TR Y R H 28 B 0 A TE R R, AT

i ZEFE R, IR A7 o, B S MR T R Ak
I REHL TR A 1989—20204F, 7 1 ELAKHL A /K I8 ESV
AR BB Kb, B 2000 4EiE, EE B
TR AREA T IR B IR 0 TR, (2 E 1 b i L1

I, FECLMNE OSBRI B 2020 4ESMF
(1) ESV AWK F Ak, 5 iy T34 fb Pt & J i it 22,
b 25K, S — AR P AR 7, S B0
Hif ESV T ZE 3.80 1270, F N 25.08%:; B
ESV 75 {1 # 5 Foiw AL AR Akt HAH ], 1973—1989
AEESV Il T 0.55 42,785 A A b PRUH DB /N H B
£ ESV 31, X EHY ESV $200 A] ZUms A, sk
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R S50 v A PR M L 7K 388 5 FH b 288 AR g T AT Ak T 4
TSRS $, FEF 78 X BE R ) ESV L TH e g
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Fig. 3 Change of single service function value of ecosystem in Puding county
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Fig. 4 Simulation of land use changes in Puding County under different scenarios
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Dynamic simulation of land use and its response to the ecosystem service
value in Puding county from 1973 to 2030

LI Yue', FENG Xia', WU Luhua’
(1. College of Public Administration, Guizhou University of Finance and Economics, Guiyang, Guizhou 550025, China; 2. School of

Economics and Management, Tongren University, Tongren, Guizhou 554300, China )

Abstract Puding county is located in the west-central part of Guizhou Province, covering a total area of 1,091 km?. It
experiences a humid subtropical monsoon climate, characterized by an average annual precipitation of 1,378.2 mm and
an average annual temperature of 15.1 “C. As of 2021, Puding county had a resident population of 376,300, including
an urban population of 144,900, resulting in an urbanization rate of 38.51%. The county’s annual Gross Domestic
Product (GDP) was 15.463 billion yuan, with the value added of the primary industry contributing 2.808 billion yuan,
reflecting a year-on-year increase of 8.2%. The value added of the secondary industry was 4.785 billion yuan, a year-
on-year increase of 10.06%, while the value added of the tertiary industry contributed 7.870 billion yuan, up 11.10%.
This region is characterized by the typical development of karst geomorphology, and it frequently faces ecological
challenges such as soil erosion and rocky desertification. Therefore, uncovering and predicting the impacts of land use
change on Ecosystem Service Value (ESV) in karst mountainous areas under different scenarios is of great significance
for maintaining regional ecological security, enhancing the value of ecosystem services, and formulating ecological
protection and restoration policies. In order to deeply analyze the land use patterns and their response to ecosystem
service value over an extended time series in Puding county, research and discussion were carried out across the three
temporal dimensions: past, present, and future. This study aims to provide a scientific foundation and valuable insights
for the sustainable development of ecosystems in the study area.

Based on five periods of land use data from 1973, 1989, 2003, 2010 and 2020, the equivalent factor method,
which incorporates localized adjustments of food prices, was used to assess the ESV for each historical period.
Additionally, the PLUS model was applied to simulate land use and ESV changes projected for 2030 under three
scenarios, natural evolution, ecological protection, and economic development. The results indicate as follows.

(1) The area of cultivated land in Puding county decreased sharply from 1973 to 2020, with a total reduction of
25.08% over the last 50 years. In contrast, the areas of forest land and construction land increased annually, with
increases of 6,338.56 hm” and 9,408.00 hm’, respectively.

(2) The ESV of the study area from 1973 to 2020 was recorded at 3.100 billion yuan, 2.238 billion yuan, 2.598
billion yuan, 3.277 billion yuan, and 3.510 billion yuan, respectively, exhibiting a general fluctuating upward trend.
Regarding the ESV of various land types, the ESVs of forest land, grassland, and watershed all showed annual
increases from 1989 to 2020, serving as main contributors to the overall increase in ESV. Specifically, in terms of the
value of individual ecosystem service functions, hydrological regulation and climate regulation services made the most
significant contribution to ESV, with the combined total of these two services accounting for 47.97% of the total ESV.

(3) In the natural evolution scenario, the ecological protection scenario, and the economic development scenario
projected for 2030, the areas of cultivated land, grassland, and unused land in Puding county are all expected to
decline, mainly converted into forested land and construction land. Notably, the area of cultivated land is projected to
experience the greatest loss under the ecological protection scenario, amounting to 5,196.42 hm’. The spatial
distribution across the three simulation scenarios shows that the area of construction land is point-surface in the central
part of the study area.

(4) The ESVs for the natural evolution scenario, ecological protection scenario, and economic development

scenario are projected to be 3.638 billion yuan, 3.778 billion yuan, and 3.597 billion yuan, respectively, all of which
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exceed the ESVs recorded for the study area in 2020. From a spatial distribution perspective, the ESVs for Puding
county as a whole present the characteristics of being higher in the east and west and lower in the center. Furthermore,

the ESV of each land use type has passed the sensitivity test, indicating strong credibility in the results.

Key words karst mountainous area, land use change, ecosystem service value, multi-scenario simulation, PLUS

model, Puding county
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development is strictly controlled by tectonics and lithology, indicating that the overall geomorphic evolution of the
study area has reached the mature stage. In the area where calcareous conglomerate is distributed, the drainage basin
landforms exhibit significantly higher HI values than the regional average due to the highest solubility of the rock
mass. This results in geomorphic evolution predominantly in the youthful stage, corresponding to active karst
development. However, the low degree of actual evolution of karst landforms in these basins highlights a tectonically
induced geomorphic rejuvenation process. The core of the Gaojiachang Anticline and the limbs of the Nanbaoshan
Syncline, characterized by intensive structural fracture development, actively respond to tectonic uplift and are
currently undergoing geomorphic rejuvenation.

These results reveal significant differences in spatial distribution patterns and formation-evolution models
between red-bed karst and carbonate karst. This study examines the spatial differentiation characteristics of red-bed
karst and its primary developmental drivers, thereby enriching the theoretical framework of red-bed karst research. The
findings provide a theoretical basis for analyzing potential red-bed karst hazards in transportation and water diversion
projects in this region.

Key words red-bed karst, the Dadu-Minjiang water diversion project, karst morphological characteristics, western

Sichuan foreland basin, the Longmenshan Fault Zone
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