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Contribution of socioeconomic factors to vegetation restoration in Karst areas of

Southwest China
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Abstract; Based on the Enhanced Vegetation Index (EVI) and Net Primary Productivity ( NPP) data of the Karst areas in
Southwest China from 2000 to 2020, the socioeconomic factors such as population pressure, rural economy and non-farm
economy were subdivided. A linear mixed model was used to quantitatively assess the relative contribution of each socio-
economic factor to the EVI and NPP, and to explore the relationship between socio-economic development and vegetation
restoration. The results showed that: (1) Vegetation in the Karst region of Southwest China presented an upward trend from
2000 to 2020. (2) Overall socio-economic factors contributed more to vegetation recovery than natural factors, and in this
paper the contribution of socioeconomic factors to EVI was 26.6% and to NPP was 41%. (3) Among the socio-economic
factors, the relative contribution of non-farm economic factors to vegetation restoration was the highest, with a contribution
rate of 19.1% to EVI and 14.7% to NPP. (4) Among the subdivided socio-economic factors, the tertiary industry had the
highest relative contribution to vegetation restoration, in which the relative contribution to EVI and NPP was 11.8% and
14.7% , respectively. In summary, except for ecological engineering, the influence of the remaining socioeconomic factors

on vegetation restoration, although indirect or lagging, is equally important and cannot be ignored.

EETE  HE H AL A S SRl TS 78 5 R0 H - B2 I sl U 5T s« - 0 0 BRI H (22]D770020) 5 K H AR FHF 4
% R 2x- st N RO BBk 2 T O 3T H (U1812401)

Y75 B #8:2023-10-30; ) £& Hi AR B A : 2024-05- 11

# WIAMEH Corresponding author. E-mail ; zouqiuwen@ 163.com

http ://www.ecologica.cn



6266 xR 44 %

Key Words: vegetation restoration; socioeconomic factors; contribution; linear mixed model; karst

B o A R M 2 7 MR T 0 R S R 002 25 R 1 X A0 3 1 T
FETIE L WETARE g — P IS 02 75 8 5 TR A B U 1580 T W1 e, o 9 5 07 4
6150 | ERCRE AR, A M T A8 o O ST ARG 1 B A 32, % T X 102 25
ek LR A A5 DR T A ISR LA B

L, W 07 R M X AT S0 36 4R 5 (B B 22 50 SR DR 3 R0 B IR R o e
SRR 2207 TT 08 A A A 10 2 M R 1 8 R I 2 B A AR T
FRASEHELL T RS0 A BRI USRS 10 AT B T SR A AR S RS I, £ AT
), HOREDRAT B SRR 2RI S B 2%)  BRSR I A A S0 B R B, £
0§50 K R 22 6 AR 0 D, 2 0 A K5 50 9 R e SRR T T B
{8 P XK 50 DR 22 T AT A O B 1) 101, o 257 P SR 25 Bl 26 A
F 2 IO R P 0, RS A 2 0 0 3 A PRI A5 PSS K TR F 2 B0 AR I
EE AR K B0 D R BS (EFTRRA AN ) M, Liu 25 A3 3R 31 B U3
th AT S SR N T s

b F AR RS, AAF IO T 1R 8 2K T SR B AL B (EL , B B9 o
o N BTG T 5 TR, T A T2 MR 2 0 N AL W, SEBr b, A IR BN 22— I
A M, WA TS TINE A T SRR AT S8 200 SO R B2 2 AU
SCIE IR R AR S 1 SR WA . T L, MK R 2 RO BIFGE T, A5 TRxt REC EA2 1 28 1 1
AT AR IY 300 PR R ML, ST A Bl 2 A A S0 1 K0 S R 2 R0 T 1T ) D 55
FEQZAVE I ) L B AR R R A R R 0K BT M 2 e 3
WO AT A A 2 DTS B M 76 1 AL, TR, (04 A K60 30 PR 22 4y — A5
B A AT LAY S0 AT SRS s T, AR T 904 SR W 52 1 D 7L

ST N T 2 PR 2R T e, — Bl A X Y BIF I ST T 25 A 63 5 DR 2 R B e
T A A T AR 2 AR IR )X B S L B R X
GRSV R MBI RO, JEEOR 76 T, 126 , Lo o 3 RO BP9, 10X BUR T
e TR ANCE , 03 D B 5 ] 0 DB B I ST B 4 L™ 0% 6
T 2 522 S0 S L M BB — R, WA T X R M M B R B 00 R — B, JLC, Fik s+
R T 2028 A P R TR M LRI 50 T e 2t B P 2 AR SR . TR, B 3
U R M X O S A I 7 M X R 23 225 TR 2 A (0

RS AAT D LR TRSCHE— 2015 T SO ST M DX R A P RO 28 D TR 26, IF AT T i 2 X o
LRI U1 Zhang 0 45K A2 R 340 h i B AT IE GDP L TR |+ MR 1T {12k S5 it
TR ALV Z R R S AL, TR B0, I ARk Bt Ao K 2 L PGP e 1 S0k TR
VTR M X R 23 225 TR 3 X AR 10 TR B 0T 73 2 o i A 15 1

SEF M, A SCHEL T o DU R SR X R ST, M AMRE A IR 2, 2, I 2000—2020 4R
SRR BHE B (EVI) FURE B oI B 71 (NPP) SO STk B4R BT 072, 1 T NPP AL EVI eI T Fizs
il A At LU, FPTIR A L PER | A B 0 T 4% 4E A 20 D X EVI A NPP (IR SRR %, BT
FEAGAT I T 96 UL (0 205 DR SRR LR, DA T I A 3 4 12 M X 2 25 R BB, B Tk
ARG

1 RS

1.1 W5 XA
W XA T E PR B = r A SN B PR H iR X =4 (LA R ik b E P R v s X | 1),

http ; //www.ecologica.cn



14 41 R A A BN ZOT r DY 1 SR DA B R B TR 6267

M PRI T 21.53°—28.93°N,97.81°—111.67°E Z 0], MILFEE T =4 1) 39 DHuZE T () #1294 4~ 5
(TH X)), BRSPS, ZRE IR, AR B G IR T8 T 38 i I PaHE 2 XU A A, 22 4F - 1
298 1000—1300mm , A2 16.92—17.87C

100° 105° 110°E 100° 105° 110°E
z z z s i z
5 58} t'!%“ ﬁé&« BT 5
A LR Lr S
S B
s o 45’!’,'1‘ uhfigg&i%%,. I8 .
: Q ‘ %\” " -
| | A ﬁ

1 1 1 1 1 1
100° 105° 110°E 100° 105° 110°E
Hf/m .
[ PREBEZGLR
25 1000 2000 3000 4000 5000 6500 o WMEXES

1 MRRHMIBAE
Fig.1 Geographic location of the study area

1.2 Bk

2000—2020 4F (1) 14 5 7Y 42 9% 45 %X ( Enhanced vegetation index, EVI) FIAE 8% 15 0] 2% 4 7= J1 ( Net primary
productivity, NPP) £4i5 ¥4 5% H T 38 [ [ & i 25 il K J& MODIS %4 3i& ££ ( hitp : //ladsweb. modaps. eosdis. nasa.
gov) , FH] MRT (MODIS reprojection tool ) T HXFWFFEIX AR BEAT 25 (A PF 4 BRBY 52 S S ab 21, 4 301l 75 5
Z3[A) 73 B0 Thm F1 500m BRI . R Bk A T b ERE A Be 5 IR IR 5 ) 22 5 %0080 TG (hitp 2/ resde.
en/ ), P ESRR BERARE A A AR AL , 25 M0 R0 Thm, ZBUES R T 22 [E 2400 21l i TR
Ul HOUI B e R A SR B AR A EAR 1, 56T Anusplin R{ELARIFA AU 1960—2021 4F44 AR ES
R A A A . A SO 2000—2020 4E25 (8] 43 BEA G — S 1km MUAEEE . e DEM ik A T4
i 2s [[) 8040 (hitp . //www. gscloud.cn/) |, 25 [H] 43R K 90 m,

A SO TR AR DN B R 2 B REAE R 285 Sk S 2 5 R U Ok A T 2001—2021
KA GRS P E BRGS0 % B XARE R GRS R B R B B IX AR ST A R
PEHEAT AN FERN5E 3, IR B A i B X2 5 v IEE A 1y 274 D ELIX
1.3 W5k
131 EHEnr

Theil-Sen Median 7575 MFRA Sen BT & — M@ IS8 GETHa#at50rk Z0riE TR
g5, XTI 52 AR A AR N SRR 33 PR (R PP AR i R 3 O iz e AR SR
S RGFERAEBFEGR T Hat T

B = Median(x;_ : jtj Vj>i (1)

3 Median () fOERBUTE, x HAR R &, Bl x, RoRA[EINEFS) 2R o, B B RBER, & B KT 0,
W F AR B E TS e 2 o R R

Theil-Sen Median % #17 E: H1 Mann-Kendall ( MK ) JFE 2 06 56 25 40 25 6 2 I W7 K B[R] 7 510 850 3 6 34
M BTk, B 2 T K s 1] e S AR W2 (G e A A A AR L

Mann-Kendall ( MK ) i 2 PG 45 2 —Fh AR 2 000 I () 7 510 S AG: 96 D7 ks | HEAS S 2000 {0 Al A TE R 73

http ; //www.ecologica.cn



6268 xR 44 %

Ai , ANZ R AN 57 B2 38 T 0] P 51 e B 3 B 2 A i L BRE I v X T 4
X, =X, Xy X, SEBE A XM (X, , X L > )T X5 X IRNERARN S) . BAnTNRIK . H, )75
HE R RIS, BITC B35 % H, FPSIPAE BT E R %, IR mgeitit S i A F s

=5 %7, ser - ) 2
Horp, Sgn () ARBUEFEATS IHRAXIT
1 (X,-X) >0
Sen(X, -X)=10 (X, -X)=0 (3)
-1 (X, -X) <0
GRS B Z HEAT SR, Z [EAE AT

S -1
S>0
v/ Var(S)
Z=<0 S=0 (4)
S+1
S<O0
v/ Var(S)

X, Var = (S) BIFHRE AR .

n(n-1) 2n+5) = X" t,(k-1)(2k~5)
Var(S) = T (5)
TEASCH B a = 0.05, FIWTE 0.05 5K FRIIZ1>1.96 B, KIS0k 9k 28 {3 @ 2% . 1 Matlab Zi
PR T 20 B DU A B[R] BE (2000—2005 ,2005—2010 ,2010—2015 ,2015—2020 4) R #E 38 50 EVI Flgew) 9 A4
751 NPP B 5 T AR (b, Mg A bR 5 2% &1 (8>0.0005, 1 Z1>1.96) /A . 1 Jin (B>
0.0005,-1.96<Z<1.96) . /1> (8>0.0005,121>1.96) . A &)l /L (B<0.0005,-1.96<Z<1.96) FaiE A2
(-0.0005<8<0.0005) .
1.3.2 LMHREHr
RAEIR G RO AR A T — B A R St W A8 S S, AN R) T 05 28 307, VTR 5 R0 AR A
FESHT BRI AT B0 AR BRI AT EAC B, TR) Akt o i/ BB Bk ) LM TR B A R o — R A
TR IERE 0 b T BEAUSON I, T4 T UL R =2 TR Lk ST RN 22 (AR ) 5 22 SRR IR DY MR A
R — OB .

Y=XXB+ZxT+e (6)
o v TR W 1] 28, B8 o/ [E 2 5 B4 i, T R BEALRN S50 i, e FoniR2E ml i, JiFE X F Y 4B
ORI HAERE , TAT1 o X Iy 2 1 5 R5n; FBE LN . A< SCFIH Relaimpo A2 71 linmod F1 Imer PRELTT
A ST N AR ) TTHEE . Relaimpo B3 045 Z R i R AR i i E 20 DL R E 31
REF TS,
1.3.3  FEICHLRI AR HE S

ARSI FRAEAS TR 50 T AL 0 I R A K S 520, an N 254 1 A8 Ak, A A THIY 3 AR 5

AR, XL, —HURE S0 N R 2 e S R el & 2 A, 78
S B A PR N 1T R e KR LR AN R | LR v R P g SR L b A A 3 B 4R i b X R T
A S IR I, A0 35 R Tl | AR AL AR R A R R X T T XS A R R bt A
] & iz b X (N D250 BHER BB FBAEH g R W2 Ak Ar, e, X Wi 2 A K
T TAENL S 0 30 T B3 b D3R T ol U T 2 b A AT 7 40, U HORAE MR IR A9 1l DX, I e iF
—SEAH G RETE IR O RIS = b R SRt — e R B AR TR T

http ; //www.ecologica.cn



14 1] R A A BN ZOT r DY 1 SR DA B R B TR 6269

BT AR S AR RN RMAE =28 NOE ) R AT JERAET (R 1) o R =R gk
PRI 2R A 5 e v ] 76 g e S DAL B R AR B 2 R, R B T 7E A 78 &, EVIFI NPP i 7E R A8 &
7R E AR R A S20A  AS SO LR R SR AR Y F AR 2l R R AR 45l A2 s g AR AL A
AKAE Ry 25 I TR] BE NI SE X 1Y EVI NPP ik 2 2 55 b il , 2B Bl ok B 25 A EAC By 274 4
B BIEFIH R 155 Relaimpo f1H 9 linmod Fl Imer PRELSZEL

R1 FMEFERTUHESEFEERER

Table 1 Indicators of socioeconomic factors affecting vegetation change

oSBT HER Ei=tan itk e Je o 27 3CHk
Socioeconomic factors Indicators Interpretation and representation Reference
ANOJES BN FIRFEAEAND P (Cao 25150, Ly 2124, Ly 55:038])
Population pressure KRS58 AR Mol AT P2
L2 PNE ZREAD P3
F—rlk AT MFE— LA B P4
ZHHEANA 12 4R DL 2 HE AT PS
e 225 SE—7= SE—E b R A ( Cobon %17 ; Deng 5[40
Rural economy HFHh WA C2
R RSB C3
B TR AR AR E T i C4
R A LR ABLA €5
g 257 FEr Bk BVE N ( Michishita %5 (41 ;S Z(42]
Non-farm economy FH=r F=rE AR R E N2 Li /:53[43] )
B A T WAELHCA N3
T B S 7B N4
I 5 e LAk 2 [ E B NS
2 BREHH 050

2.1 VG R R AR DX R ) s AR AR
2.1.1  SESRAVEHHE R (EVI) YR 25 22 AR E

2000—2020 4 H [5] 75 g 19 ST 45 DA 1 1 28 A 3
VAR E TR AR EVIE LT 0.007, 3F H
AR TP RN 0.81, EVI {HTE 2009—2016
AR [a] I Bl 4 K , I HAF 2016 4F EVI F I35 {HE A 3 & K 2000 zdos 20‘10 20‘15 2oﬁo
( Fé—] 2) ) A4y Year

2000—2020 4F P E U R vE T X A g AR fh a3 g B2 2000—2020 £ o E E AR AT R G R AERIER(EVD) &
. M LARERD | BRI R e R
|Eﬂ{fi§ L#ﬁﬁz: HEF[ EF }._ j(, Z: ﬁ%{}ﬁ //l\ 5’@ EQ E"]E *R IKJ@H TJ‘[ETJ {fﬁ ﬂ: Fig.2 Trends of enhanced vegetation index ( EVI) in the Karst

Region of Southwest China, 2000—2020

BgE/N AR AN AR A R (E 3) .
2.1.2  HEPFRIHA T (NPP) B2 4B AR

2000—2020 4FH [ PG RIS HTRE X NPP $E AR S 8 T a3, -2 B 4F NPP {H LT 2.90¢C m™ a™', 4%
K L FHESEAIA 5, NPP YI{ETE 880—960gC m™ a™' Z [H] Y2, Hirh 2003—2007 4F[H] i sh# K, HIMEAE 2004
AEIR B AIE 870.78 ¢C m™ a™',2017 4FiAF|f =i {H 959.83 ¢C m ™ a ' (K1 4)

T ] P R R DT RR X 2000—2020 4 NPP {EAEZS (0] AR fhia A 2, 4K |, 2000—2020 45 Fifi 25 A 1] 14 il
HE, NPP AEFEZS (8] 4345 _E 398 0 DX a8 1 AR by A 9 DX T AR %) B 481030 3 /D , D2 DXl T B o A v L %) 613 3
HEInCES) .

- y=0.007x - 13322
0.30 R2=0.813

EVI¥J{H Mean value of EVI
o
W
W

http ; //www.ecologica.cn



44 %

&t
B
=

6270 25

2000—20054E 2005—20104E
‘ . A ‘ ‘
2010—20154¢ | 2015—20204F |

500 km

AL

B O] fere I B3um
0 REFEs 0 BRI

3 AEEEEHEEEERFXIGEREREY EVI EEEZES 16
Fig.3 Spatial distribution of the significance of EVI in Karst areas of Southwest China at different time periods
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