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Abstract

The phenomenon of rocky desertification in karst areas is a prominent issue between social and
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economic development and ecological environment in southwest China, which has a huge impact on
local people’s production and life as well as regional economic development. The research on rocky
desertification in karst areas has long been a hot and difficult topic in academic circles. How to sci-
entifically extract rocky desertification information and classify rocky desertification grades is of
great significance for a scientific understanding of the temporal and spatial evolution of regional
rocky desertification and its governance. Based on MODIS data, this paper selects five periods: 2000,
2005,2010, 2015, and 2020, and chooses key indicators for evaluating rocky desertification degree,
including bedrock exposure rate, vegetation coverage, and slope. It proposes to quantitatively and
positionally investigate the development and evolution process of rocky desertification in the study
area from both temporal and spatial aspects based on the temporal and spatial distribution infor-
mation of rocky desertification in these five periods. The results can provide a scientific basis for
the local social and economic development.
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1. 51§

AR TR TCEAL, FETEMETS 1A i H SR At T R — e A A S R . S AE B T HT
R X EERARENARE ST, BTN RESINEE, MR Z 2R, KIRA S
REEE R ER0, FEEHE, RAWER, HR 2 IR 8 AL FE I 1T A
MR AR R 1]

TR DLz 55 v J5 A o PR 178 i i Bt X W8 B0 2 A B o B Fh K IX [2], 72 1 R Ak o A
BONSE R I, SRR X AR R HE R R K YRR Z AR [3] [4], ARAEE KA 3 h
BRI ZE R R R E A A E S R 8 N B, FEERMERM. RS 3 NMER[E]. =
A A AL ™ E, Y1 E 2016 4F R A TR AL T R IA $) 23519.39 km?, i 174 B S M X sk A AR TR AR 23.33%,
SEFELE T, AEH 56 NMERAAEN, RAeEAREARRENE 6], ERIEIEBETET,
AR, XN EIEE B RPN CE S AR R RN, 2E g LA S5 7. =M
AU AR E VG R b, R R E VG R A A B, RN 2 B A XA AL gE SR G T AR RS
24 B R TR JE IR .

B b o T W8 B AL ORI ST 44 T 20 42 80 4FAY, [EAMNE X 3 B4 f 23 A5 TR 45 5 5
JEFEFRI, AT FE 5 DX P A Ak 1) R 7 EE R AT — DK FR o E RN ZR B s A AL 58 AR v X3
NG R, NIRRT E AR 5S, A AT, BRI DG T AL 1] R PR T 924
Ao T X R T K R R R HL[3]. RORRI[4]5E, B TT N A T EALEE T RIR h (1 HbSRN
TEASKT 7K T AR LR G 25 X AR S RS2 e SRt [X )R] 4R 2 i ) PRI R 5 3 X K
PR FH 8] 3 B &+ XM AR A . A AR SO T, B e ) 6 2 E AR I 7L, A BROCT
T DA A I B AT, AR R R R 1 P R e A X

] A RE VA AT AL T T I 8] 5 [E AR AR RIS, 4R T 20 4D 80 AR, A Ak nl T 4538 215 2
SEWOGE, AR AL TP B, AL A A B A E MRS Y B 21 AR, BEAE
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WEAEAARY 5K, KT EE AR AR RN, KREEH IR i X A B R BT 7T -
BB R REE, BB TR AR M TR KR &, A B E SRR I DL 38 HoAR A
E, AR B E R IR B A R TR A B S AT SR I A B AL A R B
I, FEA AWM. B ETRIRIBERME, AR RN G ks .

2. R EHNRENX

LA AL PG b, R E VRS AR, AR EAEE T, BN S E RS
il g, E A A XA S AT R R R, B T X A AL AT KR R B A Y AR
e M, AR R B SR RIS S0 9 DR AL R TR IS ML, 2 25 e A4 A A TR B e ) 2
(1) E A AN LAl

ERNAEATEE BN, =5 2008 S ER NN AEMIGHEX I, F 12 NMEgayN GBS,
2011 SFAESLIERE E3IN T 23 AN ARG AR EEE AR, 2012 4ESOHY 30 N E AVAEEE, SEATRME T
HikF) 65 1N[8]. = M AR B R AR IE B 2 HE, R4 A X OT R A B AR T, S MAEE
UH TR, SR 7 AEAL— IR A B R, USRS B s, H )R 56
XASTEEAL . A EAEE H AT RR IR T SORECIR 7041, WRETTEAS 5EE9]. Bk, Moy an
X A R AR R AIE S B BN R ¥ AT N e BRI S0 20 A, VPAS AT A A R BR S T 1 5 L, 2l e
G R A AR A B it P o LR AR o

S A S SR AT BEORH B, % HX 2000, 2005, 2010, 2015. 2020 FLANKWIKRIEAT S A
Fr AT AR R R 2 A, e R R B R U AL AE B R b, AR AN S R B e e AL
BEREARAE. EIIL EARL, EP . ERE ISR AR R RIEAERE, 2 HE L
HRIRA o T IS FIB B B IR T AR 07 S AR A A2 T 1) WA AT A 1 Rl 2
o ATRABE I AT A AR B 0V BESCR, 5 I A AL 1R RS TR AR AR . i
LB AR AR AESTHEGSE, ERPTREEREAS R EE P, ek amE b
TUBUE AR I B X B A1 45 1) 35 B 264

3. REXBASEE
3.1 MIREXENR

3.1.1. MIBE

mEANMNTHEEREX, T RS 97°31'~106°11", Jb4i 21°8'~29°15' [f], 4248 & U AR A 39.41
x 104 km?, ZRESSPRERE AR X SR, LS UNIA . PR E A X AR, ZrA il
K, H 25 MUEEE, WARBIES 2 AL E KK E . 248, dif). 28 SR AL 11.10
x 104 km?, 2 LA R 28.17%, fEA 129 ME(HIX)H, f 118 Mo Asi b, 24EfA
B B E L —, ABENEESER M TEAICEEX . EREEX ., HEARAMEHEX. HIEEH
XFEPE LA X .

3.1.2. ihftbsR

ZHA I H A EICE R R K, OIS AN S0 LK R RS N, AR PRI AN
X, REANEF EAER, RaRmRNARES, M RREEN, SR E 2. TRk
L IX A5 5 s SR 45 T RO b L DX R 98, e S BB B AT B AR R (R R D 5% 1, 7 1L s 2 A ]
IR ZR 2B, AR - 25 5 T B4k R 2000 m A2 A5, St AL T P AL (g B S5 1L 204 B T,
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MR 6740 m, MK AU TR IR A LD R IR AT AT AL, MR 76.4 m, MEXIVEZEBUR, 4248 84%fIF) 1
it FEEVEABAG T X, EZRACS IS DAL T D)1 Bt ) 2= 5t e S FE i by, 8 T SR ) L
T, WEBER, NERICEERASAEAX . HACAEX R w el Ed, FEME L
R A, WikEZh R S, NI A AW G A A FALX[10]. AR AIE X A= M R R 2%,
FEHIURHE I NG ) B B TR, RE AR r W A A AL X o VTG 5 X TR T L ik e 2838
g5, NEVEETE LA B . PGS XA T e SR AR B O, R BT L D) 30 L e 2 DX L
WX, A PEAL A LA B X [11] (5] 1).

T ZEEET B R BRI A R 55 W3 T B H S 09 GS (2016) 1600 5 (RARHEM IR, RETEZ S

Figure 1. Elevation map of the study area
E 1 REXSEE

3.13. KXKIE

ZHEENKFIEESE, 28 E SR 40 24, iR E . SUESEAJE TR = R A%, S
R EL AL, AFEI /KL 750~1750 mm, 445 VRIS BAIRIE 19~22°C 2 [a], A4 H
PISRAE 6~8°C 2 0] JEAR AL E A L AR L S BTG AR UG b X 6 4 - 18 4 K 4 il & 702.00 mm,
914.60 mm. 1100.90 mm. 971.10 mm 1 793.20 mm, JEFHILFE AR ALE T 1@ X, JHIG. AP AER
8 TR X [12].
Table 1. Administrative division of karst zoning
%=1 HARSXITBEXX

HITIX AT X K

HALABX BRE

BEHEHEX BMW. T, RRWEAEX. TR, BTR, EEE. BTE. 5118)

S E VAN . L0 R RE SRR (AN BT . HE . FE . . RaE. #KEA.
PIPEE . SO E)

FPERIX PRl X R i), ImeiokEE . HER, B E. i)
EVEACEE X PR BRI BTG . B, SRR TR E). KE AR AR M (E R )

IR H IR X
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3.2. WHERALIE

AR FEE I BB BTIRA B R S R vho A R ELERE NDVIL KM Bl SRS FVC, mF A
DEMOO0 K&, a8 i H 2% 18] 43 9% % 500 2K 1) MODO9AL 3B BGAG B T AL AR ER %, 2¥ | 73 g
74 500 K] MCD12Q1 -3 FI I, 2 a4 7K A AT Bl A 2> 205 it v WA 2.

Table 2. Main data sources
2. FEHIEXRIE

HEm i 1) BRI g ik
NDVI 2000~2020 = W R VR R S EGE 0 hitps://www.resdc.cn/
MODO09A1 2000~2020 4 GEE https://zhuanlan.zhihu.com/p/643863110
DEM HRRHE IR R 2 54 0 https:/iwww. resdc.cn/
MCD12Q1 2001~2020 4 = [E b 5 B R https://Ipdaac.usgs.gov/products/mcd12q1v006/
Ai’x]ﬁ? ;;ﬁ?ﬂg 2000~2020 £E B GIHES http:stats.yn.gov.cn/
4. RFE

4.1, RILIEFRGREL

A AT B S 1 R o A AN BB U 7S (1 Atk A A A T R S R R 43 AN AT DA R
ATTEE D0 EOUTE IR T A A IR P2 B AR RS, 3 RS R LX) AN (R S5 A A TSI A G B L B hn B AR A}
2005% . ST ABEASEHEK TR XBR MRS 22 5, A ARG o R R o b v 11 ik
WA ATARR, HATARE S B SbndE. B EML R I Ca it XA B A E ) (2011 4
VT )RR B AR 5 P8 L HE e 7 i PS8 R b R FH S B 2 B TR A 4 R FE A AN R BE AT AL
SR WA AN [13] . A A 2 AR S R i R T A AL R
AL T RE R FE AN, o e AT 2 A i R R R RRE B 7 5 R S5 AR Aol A A R 2 e TE A AL
TETE S 5L AR 5 FE A A [14]-[16] o ARHE AN [ I 50 ROBE A B S5 4 mT AR 43R 3~4 G [17]5% 5~6 4455
o L, BT R HERSS A0 X R, U A SRR . M S B S AMER R
BPEREAR, R 2B i B SR AT A A5 B RS oy, o bR Rk 3.

Table 3. Classification standards for rocky desertification

3 RS EIRE

B A fE 4 7 o FE B oy WeRE
TAEA 0.7~1 <0.3 0~5
BIEABEA 0.5~0.7 0.3~0.5 5~15
AL 0.3~0.5 0.5~0.7 15~25
AL 0.1~0.3 0.7~0.9 25~35
PR A AL 0~0.1 >0.9 >35
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42 EHBEE

T 4 F £ (Vegetation Index) X FRAEIE R HE T £, AT LURGF I VEAS AR B (1078 sk 00, Hrp 3 —fu e gl
FEEU(NDVI) BTz B SR AT 18 B AR R e i 70 . LR 2 S BOR AR IR R 2 i sl b, a6 B
(RED)FIIT 2L AN BE(NIR) (YR S Za AN R, AT AT DLd ik Y 1 R AS (] 1) S S5 26k W S A A0 0 A S 7 a5tk
W, EIEBEEH, NDVI T 24N BE S a6 B R B2 Z e B 2 M, Hatb A0
NIR -R
NIR +R

FVC J2fataui (B dint. 25, A)7E i & J R A G gt XA G 2t FEERRESE TR UEAE
B AR EON TP A A B A R, WA SOk IH— 1 2= {E 9 5 #(normalized difference vegetation
index, NDVI)/fli 5 FVC, FFLAZA LRG0 vk B B 9810 VREC SR B E @AY . T i IX
T AR HANESE, {EFEH FVC B o] DU AN B IR 2 [16] . AU 72 X AT U UL FV Crnax
=100%, FVCmin=0, W FVC MitH AT

NDVI - NDVI
~ NDVI,,, + NDVI

NDVI =

soil

FvC

soil

3 NDVlveg £ NDVsoir 43 Al - 781X 56 4 40 4 78 75 DX 38K NDWVIAFURN 58 4 @ R b BG4 7 5 X
5/f) NDVI {H. B T5200 NDVlveg F1 NDV lsoi — M43 B — & B AS B0 Bl A (1 s KR e /IMEL . AR EAS X
] 29%~98%, f#/H ENVI B A-EF AR NDVI B E, SRECRFER ] NDVI fe KA /ME .. RE4E
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Figure 2. Vegetation coverage map
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43. BEEREE
FEA BT R A AR AR ) R BURRAE, DR S R R R SR VRN A AR ) S F R AR 2 —, X T
FEA VR R NI I R BRI RAE . SO BRI S AT IR 7T . Bk 2 A e a LG
S TR BRA (S SRR B A T H0E . Wik, i m GOE R R & iS5 .
Hrp, AL IEAEMERE, YT 85 20 AR T CLEEATHE R T 55, 00 08 A T IR i 23 35l
ARHERIAH S 7« Huang 5528 T H— b 4B g 7A@ 0 — 15 A Fa 2 (NDRY), TG [18]7E 1k
Ferl B3 TR TR BN S A AN B A — A A TR 2 TE T A R B S A R
R e R A G e AR S5 T4 A, T8 ENVIS.6 B & BE T I B 45 31 3 A R 75 R (Fr), 3
HHEARWF:
[ NDRI - NDRI,
NDRI, + NDRI,,

A Fr 48R A EE R, NDRI 2l A4 NDRI {H, NDRI, &4 R i 2 A 4 ) NDRI
1B o AR A A B 78 X NDRI BUE HFSe it BT 8 Jo 8, 43 ilik L 2% 98%11) NDRI 24 NDRI, #1 NDRI,.
ik ENVI Band Math T H M5 AT XA RE L, FEd ArcGIS T 8 7 RS EAE R 515 AL IX
2000~2020 43k 75 B i I 2 A P ] 36
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Figure 3. Bedrock exposure rate map
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Figure 4. Slope map of the study area
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Figure 5. Land use map
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BRittz A, A EE T DU BB A THEAT SRS I ) A AR A5 AR L, SR MODIS A o i i
Pt 0 75 EEHEAT AR O F 7 AT B 22 8 T FE X 1 2000~2020 42 4 = 3 F) I B an 4 5.
5. BIRWRZHFHE

AR A [FIFE AR EAT BN 2 T 45 25 i 0 Al 2 (B ) A RFAE 5] 6, 7T LU 5 8 A AL i 22 1)
SMATTEET, HAS], RAETBUEARRAR L PR ARE . RN, 2 B AR R AR DA,
SEPER M

Figure 6. Spatial distribution map of rocky desertification
6. ARILZTESHE

M 8] b2 1R AR I LWL A AN R4 AS R R A A R AR AR AL, TH B B4R O T AR
A BT R AERE, ide 4, WTRLEHIFE 2000~2005 40 A AL - 2 M LA B FS, F i
L NTAR D, Te BT AR BN, BEAEAHREZ RN AN, DRy A
e, W R NN FoRTE R AL AR, i AT A U 3 A (R A M E P A Al A
AR R AT B8, E P A A R, B B A AL AT TR e A AN A A R R A RS, R AT
M EFE, ZHmRILTFERA.

£k L, f£ 2000~2005 A, AN[F) A AL B R A AR R AL A A AL AT e RS, PR AN PR A I
R TR, ARABAmREE, HOUEOVES, RS LA BRI TAS RIS
B8 Ko

M 5 W] LA A 2015~2020 S8 JE A AL B R R A IRAL R RS, e ASRUBIN 32 2ok B R A v
FEREAL, BN AR, R IE DU 5, BB b B A Al th 2 1R oA A A A
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AT R A T AN B R A A RS, A A ™ ) R A VR o B v R A R SR A RS T
BOA I LA R TR R, IR A bR T 3 R MG B P2 A AL ) e tH T AR B N T AR 22, B T
CLF A A B AT AR DD HLRE P ABAE PR

Table 4. Area transfer matrix of various rocky desertification types from 2000 to 2005
Fz 4. 2000~2005 & LB AR E LR FERE

AL TA B BEAEA  hEATA BEEAEEMA REEAEE Bit
Toh A 73921.46 3233.70 0.00 0.00 0.00 77155.16
B REFEAL 5123.82 55791.84 2526.51 0.00 0.00 63442.17
AL 0.00 3234.69 29208.04 1196.41 0.00 33639.14
AL 0.00 0.00 1305.90 9278.05 256.03 10839.98
AR B B A AL 0.00 0.00 0.00 247.43 1713.09 1960.52
Mit 79045.28 62260.23 33040.45 10721.89 1969.12 187036.96

M 2000 5] 2020 4, it ZHEMIAR, IR FEECRANG S HIL R T, B 7T KA AR T
R AR SR A Tk, (HR NIRRT, BAREGE I ER, A b A % i,
i L PANAE i T PR v B e AN W AT itk

Table 5. Area transfer matrix of various rocky desertification types from 20015 to 2020

5% 5.2015~2020 R A ARV EINE TS EEE

AT Y ToA AL BEAREN  REABENA EEABRA REEAREN it
THEA 40544.47 8.75 0.00 0.00 0.00 40553.23
BB 38754.60 16337.59 2.21 0.00 0.00 55094.41
AL 451,73 4333357 4034.71 0.00 0.00 47820.01
AL 0.00 2362.70 26769.21 1303.34 0.00 30435.25
[FENEZEN o4 0.00 0.00 1367.57 9445.00 2062.18 12874.75
Mit 79750.81 62042.62 32173.69 10748.35 2062.18 186777.64

e L m A A A 2 [ S ARG T, (AR A, RATHRER R R L P I ARRHE . [,
SRR A X AR, REFER . 7E 2000~2020 SEHAE], A AL AR AT
(1 F LR E R AR AR A VA X, P RIE TG 0B VS XA A A D, AR ILE VA X ARG 5, A 2005
FEF 2015 AE A ARG IEGE . EH A X R m A S AT R B FO, NOEES, ANRIES
BRI B EEARFEEX, BB nE BAZEEER, NABELRIKR R T %4, H
VGV X VR PG LA VA XA AL AR /DN, 76 2 pe PG S A PG S X, AR o i s, n B AT
RN, NIEEMEAETS, I EEETARECN, AEA TR . EARIGE i XA FRT TS
WA AL AR AR IOK, 7 2000~2010 4 52 5608 /0 J5 B N . A 2010~2020 4 52 56 39 0 5 gk b i#a
ZH XN VB AR, Gt R SRR =07 A I, JUIAERI X, b AR P X A A i) - o 4™ 2,
— B XSRS R T ORI A 8RR, AR S IAEENEES, (R X A A i AR LR R 1

6. IBRIET
AL 8 A2 SRR RIS R A TR, R B RO R — A5 R
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P ORI KA ARSI iR ) NS D 2 M R SR I R R . RAME AN
(IS, ST B B R R AN, ) Ao B 2R AE AN BT BUE M O R JEE A A 2 5

PRl I B AR R A B AR S A IR B A 5, 23 ANER — 27 EME . A GDP. Wik 3%
FHREIRNS, AR X ARSI A iR A R, BRI 6,

Table 6. Respective driving factors and stratification plan

*6. BERHEFRIEFR

UK Z) ¥ G TR JZH
i X1 JenKs [ SRWTZY 5 7 ik 5
s X2 3enKs FI SR %L 2oy ik 5

B X3 enKs H 2RI sl s ik 5

A\¥] GDP X4 enKs H R W8 7 Rk 5

K FH MR B8, T R G 2 10 (19 2 8] S5 i P R B SRATE O AN [R PR 76 T A AR IR e i, b R
MR F B TR EH0E, N BRI R R R 2 E0E, I R EERE 2 A 1AL S 4
PEHEAT B HUAL B, T SEAE ArcGis HUK &N IRB) KA, ARG SR LA SR TR A Jenks H AR R AE
Wi sl BE AT 0 )5, B IREIR o R Tk, MR R Y MEEE. RECHRITX, it e)gim
WSEICRAE £, ARG 0 B ECEAE Y RIS 2R X AR IRBIRE R, %5 S H E0d 2 B PR 28 A5 7 o
16X 2000, 2010, 2020 =/MEFHIBEATIRIN, 75 0 &-IXEh B 70 T A AL T S STk ke 7.

Table 7. Statistics of factor detection g-values in the study area for 2000, 2010, and 2020
52 7.2000. 2010. 2020 #Z3XEFHM q ESit

UKz ¥ X1 X2 X3 X4
2000 4F 0.0573 0.2197 0.0337 0.0326
2010 4E 0.0730 0.2406 0.0376 0.0376
2020 4E 0.0711 0.2200 0.0449 0.0449

Table 8. Interactive detection results of various driving factors

8. FERFHEFREXRULER

X1 X2 X3 X4
X1 0.0573
X2 0.2405 0.2197
2000 4E
X3 0.0939 0.2350 0.0337
X4 0.0926 0.2346 0.0345 0.0326
X1 0.0730
X2 0.2643 0.2406
2010 4
X3 0.1096 0.2560 0.0376
X4 0.1096 0.2560 0.0379 0.0376
X1 0.0711
X2 0.2480 0.2200
2020 4
X3 0.1081 0.2434 0.0449
X4 0.1081 0.2434 0.0452 0.0449
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WRAE & X3 7 A [F 4R 4 q A5 BRI 45 R KRB 72 % I3 K, 5k A Ak o7k 2 HE iy oS R
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