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Abstract: Rocky desertification in karst areas has a serious impact on the sustainable development of local social economy.
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Therefore, it is of great significance to study the spatial and temporal characteristics and evolution rules of rocky
desertification in karst areas. In this paper, eight provinces in southwest China are taken as research area. Based on
Normalized Difference Vegetation (NDVI) , Net Primary Productivity (NPP) , Surface Albedo and Slope data, and with the
help of ArcGIS and other software platforms, the variations of rocky desertification in different slope, land use and
ecological protection zones are analyzed. The results showed that; (1) Mild and moderate rocky desertification are main
types of rocky desertification in the Southwest.From the spatial perspective, the distribution area of rocky desertification is
the widest in Guizhou, followed by Yunnan and Guangxi. (2) From the perspective of different land uses, the area with no
rocky desertification from 2000 to 2015 was the largest, followed by potential rocky desertification. Rocky desertification
mainly occured in the cultivated land and forest land types, the area of rocky desertification on other lands was the least, but
the proportion of extremely severe rocky desertification on other lands was very large with about 11% on average. (3) From
the perspective of different slopes, the severity of rocky desertification does not increase with the increase of slope, rocky
desertification occurred in the maximum area bhetween slope 6° and 25°. (4) From the perspective of ecological protection
areas, karst ecological protection areas in southwest China in 2000 and 2015 were the most widely distributed areas of rocky
desertification, covering 27481.86 km® and 21738.65 km’ respectively. In terms of variation, the Three Gorges Reservoir
area increased the most by 1641.22 km®, while the southwest karst ecological function reserve decreased the most by 5743.
22 km®. (5) Rocky desertification can be accurately inverted by using NPP, NDVI, surface albedo and slope, with the
inversion weights of 0.33, 0.42, 0.15 and 0.1 respectively. During the study period, the ecological environment in southwest

China was gradually improved.
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IATHERT 53T o DIAE L A vh BE AT A Ak Al MU, D F 5 X A A IR B0 S AR A — R AR Al

1 #MREFHE

1.1 W5 IXHENL

VO TR b X AL G S M s TP RS BE B BR U T AR\, LT 102—111°E, 23—32°N,
JEAR RIS 1 kR RE, B &) U f i, VG RE IR L bk , R LBk P ) T ALY 54 7 km® T SR R E
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IR BN 1 kmx1 km,
MODIS-NDVI 1R T3 Bl 15 K s :// S
www.nasa.gov/ ) I H 3R 2R G2 %540 4 h ) MOD13Q1 Fig.1 Topographic map of the study area
L3 Gt i, Heas (8] 73 BEAON 250 m x 250 m, i [i]
s B 16d, N MODIS Reprojection Tools( MRT) HfXs G A9 hdf #s AL uif A%,
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0.0001 15 2 SEFR{A
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Table 1 Contribution rate of various factors of rocky desertification

S T Tmpact factor 4 — b2 HE AR 4L FE BRI AL 7= G e 2% B
¥ P NDVI NPP Slope Surface Albedo
Q 46.20 36.30 11.00 16.50
TTHkZE Contribution rate/% 42 33 1 15

NDVI; Normalized difference vegetation indexNPP ; Net rimaryProductivity
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1.3.4 A AR LR
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AS=S, -8, (3)
K= (U, -U,) /U, x 100% (4)
A, S, Al S, 43 W F R ETAG B L A AL RS TR, AS T K 433678 2000—2015 A7) 47 7 Ak Y A8 Ak B A
A AR AR AL AR N T R BN, A E W R

2 EREHSH

2.1 ABEALE A S A
2.1.1 A EALKERTE AR Ak

I 2 AR, P A AL AR A b B Oy 3 L P RD S 4 Ak T AR R A T R\ AR R T AR A LA
4 AIH 58 76.76% \76.34% F1 79.83% 84.98% , FH LA AT 11, 44 TR B A YAk T ALFE 2000—2005 45 (7] ik
> 2005—2015 4ERBE N, SRS LS, HIRILERE R RN, SRR E IS R AR
WN 41.80% 37.01% 42.58% 49.57% , HP & S BRES It ka3 | L IKIR R 34.96% (39.33% 37.25% 35.41%,

% 3 AT %1 ,2005 2010 2015 4F 6] 47 AL + 3043510 13.22 J7 km* . 12.03 77 km?F1 10.70 3 km? , EZ 2
% 2005 2011 2016 4E 0] A BAL 350510 12.94 T km® (11.98 J7 km® ,10.06 77 km® . A 5308 5 A A
AL b T AU B A AL AR AL, 43R 0.28 T km® 0.05 T3 km* 0.64 J7 km® , S Ak i AR bk DA AS B 5% 4 1
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Table 2 Change of rocky desertification area at different levels

2000 4F- 2005 4% 2010 4F 2015 4
HIRAL SR 3l ) i ) i ) Al )
Roiy dﬁerliﬁcaﬁon grade E:i/ R:ttif/d% /Tjja/ R:E(Iy/ﬂ% }Tja/ R:E(I?J% Aﬁrja/ R:E(@J%
77 km? 77 km? 7 km? 77 km?

B A#AL LKRD 4.95 41.80 4.89 37.01 5.12 42.58 5.31 49.57
S 47 L MKRD 4.14 34.96 5.20 39.33 4.48 37.25 3.79 35.41
AL SKRD 2.21 18.70 2.66 20.13 2.10 17.46 1.25 11.67
e # A1 Ak ESKRD 0.54 4.54 0.47 3.53 0.33 2.71 0.36 3.35

LKRD . #3854 Ak Light Rock Desertification; MKRD . F135 47 AL Medium Rock Desertification;SKRD;i}"'iﬁ?ﬁ’ﬂﬁ Severe Rock Desertification
ESKRD .t 5 J& £ 1% 4k Extremely Severe Rock Desertification

®3 ARUFEEN

Table 3 Time change of rocky desertification

A5 This study £ AL A Rock desertification bulletin ALt/ (F km?) A2/ %
4 year R Area/J7 km? 4 year T Area/ 7 km? Amount of change Rate of change
2005 13.22 2005 12.94 0.28 2.09
2010 12.03 2011 11.98 0.05 0.38
2015 10.70 2016 10.06 0.64 5.98

312 AEfkEs ARk

1% 4 AT%1,2000—2015 4F[H] 52 A Ak 5 LR ok, 43510 31.46% ,27.00% ,25.10% Fl 27.66% ; = B UK
2 28.01% .21.79% 23.61%H1 26.36% ;] P4 53- 51 1 22.96% 18.00% .16.04% F1 15.70% , M 5 HLHKFH &AL
PRI A A IR WL B DRI DU e L 2010 AR A5, 26 B S8 I S vl 1o R At XA
b5 He 2 IR IR (HJE = BN AR LA 2005 AR5 i, R SE3E s i /b | St 2 B s i ke A (H
JETE 2010 LUt A3,

R4 ARUSHILO/ %
Table 4 Distribution ratio of rocky desertification
44 (T7) Province( City)

5f 1] Time

M =W I} Wi B[ HK i IR
2000 31.46 28.01 22.96 4.63 3.87 3.62 3.45 2.02
2005 27.00 21.79 18.00 11.20 8.55 7.03 5.82 0.61
2010 25.10 23.61 16.04 11.89 9.06 7.73 6.07 0.50
2015 27.66 26.36 15.70 11.50 6.64 6.07 5.51 0.56

DA Ry b o) D Jo 6 S %) P 1 /A8 A B S 18] A (18] 2) s, A Ak & AR b D B R S BN, =
BRIV =B, A AL & A R LA A 1] B, BT 2000—2005 4F 8] 2 A1 B4k il B8 K B B, 2005—2015
SRR A AR DB B, BFSEIT BN, SR, SR, TP A AR T S R e A At DX sk R S T i D
SO EEN
3.2 OR[E R A AR AR R

AR Y A A P2 A o A S35 Bl B A AR KA 22 5, 38 5 AT, 2000—2015 4F ] Jo A AL AU 2,
TRIE AR Z . A4k 3B A AE R AU W b £ b R 2SR - Ol 3 b Ak & A T AR D, Bk
HiFIARHE, - TG Ak 5 R ik A e b AR Al HH b 9 P TR A A LA I

2000—2015 4F[A] B & A A BAL AR AR AL, B b 5 5 A0 AR S AN 2000 411 31989.49 km® U /1 £ 2005
4F 30653.93 km®, SR J5 IGTNE] 2015 4 31841.68 km*, 1A AL A 2000 4F: 25636.75 km? 34 % 2005 47
26935.07 km*, 2R J5 g /0 % 2015 4F 22179.91 km*, & A #AL M 2000 4F 1999.33 km* B i £ 2005 4

/
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2 AEAZEST
Fig.2 Spatial distribution of rocky desertification

13663.93 km® , #XJ5 Mg/ F] 2015 4F 7462.70 km® , A E A BAL L BUIR A0 Ha 34, B S AT, BACH AN B oK
H G O A AR A SR B R S /D e B I v B R B S N v A B A e D
P, HAb AR R R A R A BRI ka R, R AE A BRI R AR H R ARG S
5if P AR T A AR RN B, T DL, Bk p o B T AR A I £

& 3 AN, R S BORTR] A AR A B IR KB 22 57 . NS A BAL S AL LL ok AR )
M2 Ll R A oA Ak IS e A Bk Z . © &AM iR 28RS A A Ak 70 A L R & B i -
A AL & AR B ok, B R 22, SR 5 R bR, At FH b fe /b A R AN S35 s i b 2, HLAR 2 8
AT AE — o I BE A 2 1 3 B K | M 3 15 1) 2 s il i 7K AR, B A Ak AR T AR
AR, At FH M v b R A A R, LA — R A A R R R MR e, i e pa e 5 D, 2
VAN B A AR AR RO
3.3 OR[AIMERE SFN Ak o AT

F3% 6 AT LA AN [R) 35 B A 55 Ak 288 B A AN () s 1) B PN 1Y) 48 4k 22 S AR K, 2000—2015 41 1] Tt A AL 78
6°—I15°35 i b kA TR K, 2 A 53580.7 km® . 57962.97 km® ,60238.36 km” 1 59526.82 km’ il 35146.43
km®, TE>25°UFE FHc/D 43008 4231.59 km® 4311.38 km® 4404.40 km®Fl1 4373.18 km*, 7E 0°—6°3 fE 11
Mt F T, BT UL, Je A B R AR W A A A S oA A A B AR, A
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Table 5 Rocky desertification changes in different land use
A Ay A A AL TR km? Rocky desertification area on land use
Rocky desertification type Year
F#fHh Farmland M Forest land Wi Grazing land H Al b Other land
Jo A Ak NKRD 2000 93392.17 99368.88 17114.12 139.46
2005 99137.42 97419.92 17856.52 139.95
2010 103330.99 99204.22 18110.82 145.17
2015 103411.93 99586.09 18066.81 140.04
T AE A AL PKRD 2000 68970.63 68388.90 3777.06 2.63
2005 61696.54 64401.52 3269.82 0.52
2010 64804.96 67396.08 2949.02 0.25
2015 68124.60 70878.16 3136.86 0.61
R 2000 31989.49 17057.42 2519.20 0.79
2005 30653.93 16272.92 1814.18 1.32
2010 30976.27 17711.92 2336.16 3.18
2015 31841.68 21079.89 1933.66 2.65
R A AR 2000 25636.75 17151.53 2407.16 4.51
2005 26935.07 22017.54 2805.97 5.13
2010 23467.33 18592.28 2537.54 6.47
2015 22179.91 14635.91 2093.98 5.22
oA 2000 11239.25 9526.70 1286.82 3.12
2005 13663.93 11533.54 1214.86 4.51
2010 11113.91 8996.33 806.03 5.02
2015 7462.70 5595.43 1263.06 4.87
e R A A 2000 2132.57 2637.29 767.88 19.11
2005 1613.11 2564.92 460.70 19.57
2010 1030.17 1543.84 349.54 21.34
2015 1266.78 1698.20 588.51 20.39
NKRD ; T4 354k Non-rock desertification ; PKRD : V75 £1 154k Potential rock desertification
120
s
% 100 F— = mm I — = - I e - I - I
=2
S5 = R AL
g\g é A A
p AL
3 R A
o Ak
é m JoA AL
[

LRI AR Land use type

B3 AEIMAREAREERLG]

Fig.3 Proportion of rocky desertification area on different land uses
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Table 6 Rocky desertification changes in different slopes
RIS A AR TR km?

AT i Rocky desertification area on different slopes
Rocky desertification type Year e o6 6o15° 150_o5e S50
T A4 14k 12000 22457.47 39143.72 53580.70 12910.49 4231.59
2005 25060.87 43385.99 57962.97 13572.21 4311.38
2010 25722.48 45205.39 60238.36 13936.96 4404.40
2015 25739.04 45005.07 59526.82 13845.30 4373.18
WIEAEAL 2000 11559.12 29217.00 35146.43 8980.66 2135.18
2005 9291.21 27017.46 33796.19 8662.98 1943.13
2010 9908.40 28769.65 36238.24 9288.04 2045.20
2015 10641.60 30282.93 38227.40 9604.08 2080.37
BRIEAEA 2000 6245.08 15069.29 16954.40 3789.95 852.25
2005 5605.60 12853.18 13854.05 3121.38 805.21
2010 5698.78 13215.42 14747.03 3607.87 1034.30
2015 5806.67 13828.43 16056.45 3582.24 901.13
AL 2000 4691.65 12745.43 15776.06 3835.41 1099.07
2005 4233.18 11537.86 14229.71 3875.10 1382.64
2010 3727.26 9772.47 11900.78 3183.29 1123.58
2015 3593.79 9279.78 11340.23 3168.69 1114.13
HE A 2000 1999.33 5892.68 7794.53 1774.24 456.51
2005 2833.58 7501.10 10232.04 2128.74 358.26
2010 2081.27 5828.78 7917.53 1554.67 228.02
2015 1284.87 4115.71 5202.01 1265.30 357.96
e A AL 2000 314.15 1292.87 2143.14 647.35 268.16
2005 242.36 1065.41 1951.52 577.68 242.14
2010 128.61 569.28 1122.22 367.28 207.25
2015 200.83 849.07 1493.78 472.50 215.99

AL T M AEE BE A TR 3 A AR B/ IMIIR R 6°—15° 2°—6,15°—25°  <2° | >25° R BE A Ak
1AL R A AL G TR R R AR MR, HBTE 60— 15° B BE Ik BBl [HIE 2000—2015 4[] A [F] 45
RO KA ABTATE 6°—15° F HANF RS A, Hrp R A BARLL 2005 45245 25800 5 38 i, B 2000
4F 16954.40 km*¥& />3] 2005 4F 13854.05 km®, Ji/b T 3100.35 km”, 5 XIENE] 2015 4 16056.45 km® B4 T
12956.10 km?, HEE A7 EEALZ W /b | i 2000 4E 15776.06 km? 38703 2015 4F 11340.23 km?, Jili/> T 4435.83
km?, A A7 EALTE 2000—2005 AE[E]HE /1T 2437.51 km?,2005 % 2015 4E [0 T 5030.03 km?, HL &
FEI D B PG ,2000—2015 4R80T 649.36 km®

1 ] 4 R [RIE BE R Awegb  HenT i R RIS B P DL JC A AR AV e A A . E kA AR |,
B A AL B AT TE <25° 3% B A B B A AR B o 3 R ) A8 GBS N, 2000 4F H BE A AL TE > 20 W
M A S A A AR AN RS BE A R L 2005 4F AR EE A7 TR BE 3 I RE YR BE TR TG 0, AE > 25 B
FE b B A ALK TR B A AL, R A A B A AR <250 1Y o Hb b AR > 258 B B LA RN B
FE 6—15 JuF NIA B K, 2010—2015 45 [a] Hh B2 A 501k Bl 25 39 8 740 O 528 B0 o iy s 94, 2010 4 v B2 A Ak
T Bl B AR R38N, o AL A > 250 A M b 5 e de /b, 2015 4F Hh B8 A Ak Bl 5 R AR R i 3
hn, Herp > 250k BE A rh B AR R R A AL R AR B > 20 - b, R AT, AL EE A
AR R T AE A Bl T W SR DX 3 g L T A /0 SF- 30 A 7 b R R R8s i, N 20 sl o I 26, il o 31k
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Fig.4 Proportion of rocky desertification area on different slopes
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FEIX 5743.22 km? , IS LB 2, 98070 393.34 km® , Jd /0 1] AR5 /D (9 S 28 04 11 A= S AR 9 X, k2D 2011 km?
AT ARSI AR AR, AR Ak K B SR R L - XS0k L A ZS T RE AR 4 X, AE AL R 770.47% , K 1 AR £k R
4 439.15% , BE/KAC T AP 2 TR X ARLR N 121.45% , 2L R de DA R R BRI X, 253K 6.81% , A
AL A FOR TR D i 22 2 R T L R A AR AP X, AR A 82.58% , HE P A KA X AR (b Rk 2
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ABBEANRE HIE RO E KA A ALY DX, 300 7 R & AR A WAL X, SR A b A b X A5 B el | R
I AT AR L X AS 2 TR

A& S A AL, N R AR P T RE X P A AL R RS AR AL B R K R AR A S T RE R Y X, Z8 BT,
2000—2015 4F[] P4 g AR AR D fig X & A A A/ e KB L T, 3 02 B T 5 40 1) [ R RO I Je —
FHNMAER TR, 40 2003 AFRPFAFL T A 2005 4R AOMRAH] BE B 2008 4FA BAL LR G5 R 3 2014 442 [
AP S I (2013—2020 4F) (2015 4 A 25 SC BRIl O B R O R0 4F XS AR R B T T R P R
W TR AL IR PR B R KPR . = X AR S D RE AR XA AR e 2 1 by, A3 AL AR B
2016 4F 1Lz XA Akt i AR 5630km”, b 2011 4E7> 1 1040km” , 53X 5 AR A 55 A 2015 4F =i J X 7 3
1k 3436.79 km* MLt , £ 2193.21 km®,

3 itig

3.0 bR AT A B S )23 A
VU TR A 00 D v R L TR A AT R A TR RAT I I A VAR AT I OT IR R i L
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AR BRI UL o R ST Db, B AR O 2 AR A AR B o
AR AT AR Z | 3% S BRRSENTFE T LA AL S A S 98 R A A A Y 2 R 32 8 5Ll
ARl (5 At AP ) REARFT 5 2 BH SR AR IS TR X R S A B DG R F R A AL -
VAP, I 5 B R, AR P L D TR S R R (5 AR B B SR Y Bk X A
AL IR T 5 VBB SCAN 38 SR RE 1 B AR R S T AR L 7 JuA 5 R AR AR
(1 S R L R EOD AR, N D8 1 bR a8 , B B AN 30 S s B R S
NEAESHF RS S A SUREIR 1 13t 5 3t 1) 1 A g PR bt OB ZH A K AR TSR | b e A B
SEIET AR T MR ER MR AR, (R AR Sh W A7 AL, BLBRE B L AR B B Rk
RN R Sh A AL S MR X A AR S AT R ST A . AR B AT AR 1]
R A BRI b A R S B PR AR AR, SOOI B Ao — A R iR M2 Y LR
KGR ATEACT AR
®7 BAEESRPRARCEREN

Table 7 Change of rocky desertification area in southwest ecological protection area

2000 4F 2015 4F 2000—2015 4F
AT AR K2 HRLEE ARLEE A Af %
Types of ecological reserves Rocky Rocky Amount of Rate of

desertification desertification

areas/km? areas/km? change/ km? change/ %
Z L 26.08 23.97 2.11 8.09
EHPEL 2885.85 2568.17 317.68 11.01
TRILIR (= m o) 198.57 218.89 -20.32 -10.23
VY T i 20 27481.86 21738.65 5743.22 20.90
SRR 1795.57 3436.79 -1641.22 -91.40
U 1 - TS0k Ly 6.70 58.34 -51.64 -770.47
T L 438.19 76.35 361.84 82.58
BV R A KA 134.05 58.15 75.89 56.62
KL T2 TR KR 1207.34 2673.64 -1466.29 -121.45
P NIITY:iA 0.12 0.62 -0.51 -439.15
BB Ll 720.29 769.37 -49.08 -6.81
R 1L 2271.72 1577.78 693.94 30.55

3.2 BT B A [E] 43 A0 15

AR K A A T B IX A A BN VR B 2 B AR, DR XA K e LR L
JERSH R RS K T A B R R, MY RN E T R iR B (H Rl B
JE AR ARG | - HRAR b 398 o (S A5 bt 3 SR SRR B R A AR AR A A A
RIEAE<2CFN>25°HE B |- O R A A AL B R A 7E 6°—15° 2 I, T B A WAk R 3 B 76 > 25 3 i | A8 Ak
FERE/IN, WA ST 5T J5 230 3 s 0 A A AR R AR S SR AE I S5 3RS R 2 5, 95 A Ak IX s
FEAEH AL 20— 22°0 i 11 ZEPH R AR OY RIS /NI A B S R A 56 RS P8 A BAL AR R A
FE 15°— 25 B TR, NSRS M X 42 P SR AR AR A <5° 15°—25° BB 1Y BRILZ AL,
25 BHIRAEERITSE T 5 BT WA AL SRR AE 5, 6 1 15°—25° > 25° i 14 Y5 Fl 1N A 50 J38 4 954k L 091 B AR {4
e R SRR e ST M X AL M DG FR U, i U S BE | A 283 B B A b X A
TR FR A, A AL AR B ) BRI B R Sy 250, st & 108> 25° L - (4 4 1 S it 1B A 30 bR BB 5
{H2 25 A LR o , A Al i R R A S R B 3 BV LR 6°—15°, 78 15°—25° 3 Bl 9 A Ak & A= ™ 5
b, A YA R X T LT 24 A FEAR B PRI 3 R A 5 PR — 1 BT b IX A% AR 3R AR S BB o 3
PR 15007
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Fig.5 Spatial distribution of rocky desertification transfer in southwest ecological reserve
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Fig.6 Influencing factors of rocky desertification in recent 30 years
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BE, B 2000—2005 4F 38 Bt , 2005—2015 45 (3 A i B, 5% BsF BE N, VG e A Y Ak T AR 1 A B i
fEETS

F8 2005 FRMA BRI
Table 8 Comparison of Rocky Desertification in Guizhou in 2005

ARGy B ke Y5 FHALSE S Rocky desertification grade/km?
Year Data Sources BB A A HE AL e A AL
2005 ZRFFFE This study 22019.65 10018.40 3001.07 700.57
o A 4 39 25151.00 11422.00 3730.00 788.00
SARWIGE AR 22 3131.35 1403.60 728.93 87.43
AHFFE 21924.83 12061.78 2525.29 592.82
2000 Ze gty 4 [40) 23000 11000 3000
BB SCAH 22 1075.17 1061.78 118.10

2000 AFXof L SCHR T BE A7 A A4 T E A AR R T B 4 AL

(2) DA LA SR, 2000—2015 40 Jo A BAL AU 2 I A Bifb ik 2 . A AL B2 R A et
i FAR b P b 2 A T B PR S NS TE S AR R, A A ) K A F B, A b A A A T R
A AEJR AN R A A e A M L ) R A FEBIAR K S 7E 1% e F

(3) WASTRIHE BT, A AR 2B I AN S B 5 B () G S BRAE IE A OG5 2R AL ZE 3 S R oy
AP EAEALINR <15 R E LN, 52 B A0 AL LA 2005 4F f /b, o B8 FIA 5 5E LA 2015 4F A Ak 40 A 1 AR
b R AEARLL 2010 A AR/ 5 15°—25° 3% BV N 98 BE A AR AE 2000—2015 ARt AT & 2E , U6 A b3l B 3
Flth Z B RSN T, >25° B F A BB K, B2, EYE 6°—25° Z Al 47 Bk & A i
UK,

(4) WEZSLRY X , 2000 F1 2015 4F P4 pg W 5747 A 25 DR DX A Ak T R A3 A B 22 1) DX 3R, 4 3310 o
27481.86 km® 1 21738.65 km*, fie /D (&R B 1L A ST REAR Y X, IWARILERE , BN i 2 19 2 =k J22
DX, 30 1641.22 km® , 80/0 f 22 10 2 VU R W ST R AR S T RE AR X, 08D 5743.22 km®

(5) A SCHE T M FRERI £245 11 A9 AL S R DTk, NPP 24 0.33 NDVI 2R 0.15 M 3R I %5 0.42
YR 0.1,
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