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W ER R (RBOR. REAER T E T
ERZ W, 2000 FLRAE MR B BIEEER
PR, BERMRFRSREE NHAR R A KB
W, RIART UL A A L I Bh A 55 A
fE. ) SHIRK 4 RUEABBSERR (R
424 2000 m) , 24 BE XTSRS IS AR ALK
FwW. B, USEAZEXEET, BRA%ZE
AR IR R TR S RUNREER, K
RIEAA:

Hﬁi(%)/(i}) (Co Cb, Ap, 4.>0)  (2)
i=1

X HARMEEBHK j 2ENEH LGS
AR IIEH; 7k 2 MEFETEE (2000—2005 4,
2005—2010 4F) 5 A, A, 0 i FHEAN j SEBWIA
PIARMBEBHER, 10°hm’; C,. Gk i HEANE
VX SR IR AR SRR T, 10° hm?, 7EA
A, mRE 2 H R S AX I8 (H)D
KF 2, MRARi% % A 2000 F LORS# Hbah &2
1o R X8
2.2.3 AAXRERFARITE

HMROESREANESRERSIRESE
SRR B FAOES. CURRSE 17
FrRRICU, B, ABTSURFSA e S fht
MR 2 RS B A A IR 55 T RR SR VP AT Bt b B A AR
WA SR, RRESRENEELEH. 4
HTEN:

ESV=3 4VC, 3

A HF: ESV (ecosystem service value) 3#fHisE 4
Hih R AR ESRERES BHE, o/
(hm?a); A h3i#tihi b2 g Fh+ ) F KA
B, '’ VC NAESMERE, B
HE g P ARUMESRESMNE, T/
(hm*a). SHHHEMEPILERFES EN+HBERA

Mt ASRARMERESNERK, 4EKHEM
SCTH LR R R [F) R A R A AR AR &
BERY KEMENHEEIESMERE GRD,
PTG S 5 PH 5 A 1 DX SR B L ) A ) - ) R 2%
BNAESRERS ME.

R 1 IEBHEHE N H LR A RB ML SRSMERK
Table 1 Ecosystem service value (ESV) of land use change
from slope farmland into others

(7G-hm™*a™)
+ ) 24 Y ESV #(# 3R Data from HHE
Land use types WA EBY  Xie et al, B Mean
##h Forestland 20 984.72 1173557 16 360.15
#AHH Shrubland 17 839.24 8 302.96 13 071.10
EH Grassland 10 338.51 4 870.35 7 604.43
K& Water 17 070.84 1892632 17 998.58
FRFF
Unatilized land 6762.36 580.10 3671.23
B
Construction land 9 614.58 0 4807.29
3 HR59H

3.1 ST LR EE

2000 F, HMEBRMXHBHMBRERLEN
3.58x10° hm® (% 2) , #13.58 /i km®, H&EHH
BRREER 71.17%; FEBEBRHFHBERERLSEN
1.45x10° hm®, #4145 75 km?, S4&EHHBRER
11 28.83%. 2005 £E. 2010 EEE B MR AR
k1 3.34x10%, 3.14x10% hm?, 2005 £E4¢ 2000 4E /D
0.24 75 km?, 2010 4E% 2005 4EW/b 0.2 77 km?, 10 a
sk B¥HED 0.44 J7 km?; AN, FEEVEHIX 2005
FE8E 2000 SEWZ> 0.1 75 km?, 2010 4245 2005 4E5
/5 0.07 7 km®, 10 a KB 0.17 77 km®. Bt

AL, BN 1999 EFFHAMIBRRER. KIT/ERT

TR AEAEEHRE. KIERIERIFA. I
WA HREESTERR, BTk, BE
oy R GE G RA A= EE T R HEW,
BB IR S B ERDER.

R2 2000 £F. 2005 . 2010 FRMEE R RX SIEE B XM EREHSTLLE

Table 2 Comparative of the slope farmland area in Karst area and Non-karst area of Guizhou province in 2000, 2005 and 2010

2000 4 2005 4E 2010 4

HiX Area 3 FE Slope gradient ER Bl FaE Bl R el
Area/(10°hm®) Proportion /% _ Area/(10°hm®) _ Proportion /%  Area/(10°hm® _ Proportion /%

2834 Slight slope(6°~15°) 16 908.35 4727 15 829.02 4737 14958.42 47.62

FEX BEYE Steep slope (>15°~25°) 6 815.41 19.05 6181.13 18.50 5 666.95 18.04

Karstare a SBEY Sharp slope(>25°) 1981.37 5.54 1758.76 5.26 157022 5.00

BB A3t Total slope farmland 25 705.13 71.86 23 768.91 71.12 22195.59 70.67

B3 Slight slope(6°~15°) 6594.57 45.36 6182.82 45.82 5901.14 46.26

X BEME Steep slope (>15°~25°) 4367.83 30.05 3988.73 29.56 3739.00 29.31

Non-Karstarea  ZBE# Sharp slope(>25°) 1198.34 8.24 1048.25 7.77 946.11 7.42

Y Hib &t Total slope farmland 12 160.74 83.65 11219.79 83.16 10 586.26 82.98

W BRI AR & B ST R E L 2000, 2005, 2010 EEW X EHHETR 3 577 096, 3341 856+ 3 140 901 hm*: 2000, 2005,
2010 3R A WX B BHATEH N 1453 736, 1349 238, 1275 763 hi’,

Note: Proportion is a percentage of each slope farmland in total farmland. Total farmland of karst area in 2000, 2005, and 2010 was 3 577 096. 3 341 856.
3 140 901 hm?’, respectively; Total farmland of non-Karst area in 2000, 2005, and 2010 was 1 453 736, 1 349 238, 1 275 763 hm?, respectively.
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2000 £E. 2005 4E. 2010 G2 v Hh X it i b
BIITE T1%E 4G, IEEEHIX Y 83%, PIEHE 12
ANES A, EAEMR PG E R T 55
X. MEHFE, 2000 4E. 2005 €. 2010 SEHME
WHIK 6° Ll b B ME A 2B K 2.57x10°,
2.38x10%, 2.22x10°hm?, 10a WY/ 0.35 J7 km®;
3 AN AR AW HE KRR B 1.22x10°,
1.12x10°.1.06x10® hm?, 2000 £E3& /> 0.16 J5 km®.
Et, 10 a RAEHLX IR H 0.44 J7 km® B
80% b3k B, TR BRI 0.17 7 km® B
o3 R & LI B 94%.

SR EESRE, 2000 4E. 2005 4E. 2010 £
WEXH, AEMXASEEERXINER S MRS
FIBFF L R YR, S o 122 DX B Ht R R 1 R 3 7E
45%LL b, BABMX S TIEARBX,; HiE, &
WHIK IR 3 MR 510 1.69x10°,
1.58x10%, 1.50x10° hm?, 10a P¥EZ> 0.19 J7 km?,
FEEWHIX 10 a HRNED 0.07 7 km®. BEE W
BEEEE N, BV HX 3 ANETHAS#E Rb 543 A Ll K
W& TR, TEFERH BT IEERHX . RIAE: B
WX, 2000 4E. 2005 £E. 2010 SEJEA B HX I
FHn g &y el T EEHX 11, 11.06. 1127 1M
oy rs EARESBEKX, 3 MEEEEE X S
HuUpT E He R T B E X 2.7, 2.51, 2.42 N ESY
A, TR, EMIEREXESSHEHERT
BYRHIX, TEXIBK LR KBTI N F LLEM .

Mg s AERE (B 3) , TIEEETKX
ERAEEVEHIX, 2000—2005 £, 2005—2010 4F 2
TN, Bk EREE SN, Sith R E
WK, BES A3 Bt Hh 5 A B B B /N T8 5 1 3
AERE, MBS ER D, BREEK,
ULEH 10 a SRSEHER— RFBHFEUSRNT BESE H Hb
BHFEAETEERW. 75, 2005—2010 F5 7 H
X FHE A W X L5 35 BB FE R 3 B s S

3 B Slope/(°)
67 8 910 111213141516 17 18 19 20 21 22 23 24 25 >25

PR ALK
Dynamic degree/(%-a™)

—— Z¥ X Karst zones (2000—20054F)
—a— H¥ X Karst zones (2005 —20104E)
s 3FEZ ¥ X Non—karst zones (2000—20054F)
¢ E2 ¥ X Non—karst zones (2005 —20104F)

B3 2000 - 2005 #2005 - 2010 4F 2 A B E AT 4E %
BER5HEEEREMHEE
Fig.3 Dynamic degree of slope farmland in Karst area and

non-karst area of Guizhou province during period of 2000-2005
and 2005-2010

ER/NF 2000—2005 5, 5 2005—2010 FiBBHLM
T8 RN ER B SRR BES . R R
BURSLHEE R BTN, H—HH, % 2007
FURERBABMX A EESRETERN
R, 2005—2010 FIEA ¥ XT30S B4R
HHEDNTEBERX.

B2, 10 a RETMAEwEH X B B EwD T
0.44 77 km’, 80% R4 A5 /> 0.17 7 ki,
94% BRI . FRHMX BHMXER I M T B
LRI R YR, BEE SRS N, A2
A LB KiE TR, Wt EERS K, — &5
B BRI SEHEST RSB A EER M.
XTI, 2 A BARA ¥ H X R EE B B
BHX K 12 NE S, R 2 BE S #h b E 8
ERTEBRMKX, 78X EKL KBS RNF L
B
3.2 HE ST S EMMXER

AEIEHERX 2000 . 2005 . 2010 £ 6°
DA b 3k 3 o 2% e IX o % R A LB A K B/
RIRA (K 3) : KEBEELE (78.4%- 77.74%-
77.33%)  EEMIKE (77.78%. 77.17%- 76.65%) -
IREBEFREIGE (72.61%. T2.06% 71.77%) « B=
ERBELE (72.01%. 71.54%. 71.25%) . &4
HETE (65.09%. 63.96%. 62.97%) « KEHAZ
EHHE (62.65% 61.69%. 61.33%) « AZH KK
JB (58.33%. 58.05%. 58.36%) . ML, A
BRI E R oA E5ERAEHEFHEBAHERX
M, KEmXEHbEERERTFAZEHX. 3
R E ST (B 4) , 2000 4E. 2005 F. 2010 £E
HzE X EZ sttt bR, KRAAsES
REHEMX, KEMXEE: W 15°U LEXRSE
XS, st BK. HHETEHX
B A OS> A AE RS T, T 2K X BE B
BB A B RX K.

MENARE (F3) , 2000—2010 FERKAEHX
CESEMIRE . KRAEREES. REREELE)
MAzEX (EEtAns. AoaXEEE.
FZERBEEE) RIS B> 0.30x10%,
0.13x10° hm?, 10 a K7 Hh (X 3B e 2b (0 BAE
HEAXTHZAMX . HEHE T, KEHWXE
Br. BESE. SBEME 3 MEEEREN, 10 a RIEHHH
43 BP0 0.13.0.08.0.03 77 km®, IR K 11.47%.
16.58%- 20.39%; fHMNHL, FEAEMXEY . B
Y. 2BEH 3 NEEMEAB 10 a BORR
11.79%+ 17.97%. 22.80%. —J51, 3ZBBHEMAK.
i RE®R . EFMBERFTERW, KEHmXS5
Bz AR 152 L3t 10 a SRIBHHLLBIA E X
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FRgHT, H—O7H, BT EaEMXEER
M (nLRERE. RAKRIENE) BREHK

%, WHERESENRE, BzEhKEHho
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Table 3 Influence of lithology on slope farmland of Karst area of Guizhou province

10°hm’
HE R WKERB TN HZAXE HTZER KE5
P EENRE BEE EHE Hm B BELE ARBEE
Year #tH#2 Farmland Continuous Limestone  Limestone and Continuous Dolomite  Dolomite and Limestone and
Limestone  contain clastic clastic rock dolomite contain clastic rock dolomite
rock interbed clastic rock interbed interbed
S8 Total 8 758.43 7 109.40 7 884.52 7071.18 3763.73 105.11 1078.59
ZH
. . . 177. 1 . . .
Stight slope (6°~15°) 4302.19 3424.76 3 869.40 3177.92 627.65 48.94 457.50
REI
R . 1 . . . 20.81 172.
2000 Steep slope (>15°~25°) 1 847.00 1371.73 807.66 1131.09 464.57 2.55
Sharp%li)ﬁpi%ﬂ 5) 663.07 365.89 504.07 293.63 103.07 5.94 4571
i b
Percentage of slope farmland in 71.78 72.61 78.40 65.09 58.33 72.01 62.65
total farmland/%
B & Total 8201.11 6 666.99 7260.34 6 556.75 3608.43 101.54 1023.38
Z%
Slight slope (6°~15°) 4045.96 3219.20 3580.20 2 947.66 1557.48 47.48 431.04
2005 Steep slope (>15°~25°) 1 687.63 1257.62 1620.27 996.87 440.29 19.94 158.49
ZBEYE Sharp slope(>25°) 595.11 327.11 443.70 248.89 96.91 5.23 41.81
Bt L
Percentage of slope farmland in 77.17 72.06 77.74 63.96 58.05 71.54 61.69
total farmland/%
M & Total 7718.96 6315.72 6 763.53 6 102.45 3437.63 98.50 972.22
24
Slight slope (6°~15°) 3836.99 3 065.48 3364.35 273935 1 496.86 46.15 409.24
2010 Steep slop[?(ifls°~25°) 1550.93 117033 1471.52 889.16 417.87 19.01 148.12
ZBEY Sharp slope(>25°) 528.67 297.17 394.61 214.36 91.47 5.02 3891
5813084
Percentage of slope farmland in 76.65 77 77.33 62.97 58.36 71.25 61.33
total farmland/%
. HEEMX REHKX . HZESRATLEMK
Dolomite zones Limestone zones Limestone and dolomite interbed zones
<3 88 - I
$5¢ $5:7 FE8
EE'O 55.060- EEO 60
8L R 248
ﬁgs ﬁ&%50- ﬁ&_%50.
ek RIZ 401 e
g“gg XBg30} MEG 30}
Ris REE w0 Rfz of
¥ a8 810} 2L 10
g g i - § 0 g §
2 6~15 >15~25 >25 8 6~15 >15~25 >25 2 6~15 >15~25 >25
3% FE Slope/(%) 3% B Slope/(°) 3 BE Slope/(°)
a. 20005 b. 20052 c. 20104

B4 2000 4. 2005 4. 2010 314 &5 1 R RE AR & AL M KRk 6]
Fig.4 Percentage of slope farmland with different slopes in each lithologic zones of Guizhou province in 2000,2005 and 2010

3.3 WHHMTEMNSITESBRENLR

2000 ££.2005 9. 2010 4F 3 /M HABE SR 7% 300 m
R BB B RIK, 2514 037%10°% 0.36x10°,
0.34x10° hm® (% 4) , T>300~900 m % A
PHHLRE 5 >900 m BE RSB R Y. W&
WERERE, 6°~15°, >15°~25°, >25°BE
BRT 900 m X 10 a RHi#iH Bt 2w

9.45. 6.02, 2.32 Ji hm?, 4R HUREIE: HAth BE B 4
B K. 7 25°UL L, 3 ANBTHARE R 7K >900 m X 3
Bk 4y Bk 10.43. 9.18, 8.11 F hm®, WETHE
WA BE R 7A <900 m XIABHh2 F1, {iBA= A
b, BERESEHHBX BRI E, M ERAE
EEE, PHEFMEB, HHAIHMERRK, EFER
AE, EFHBNK, RMRELEHPK.
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R4 BEWE 0~900 m FRZEHXAMBH LS HIFR
Table 4 Distribution of slope farmland in different settlement
buffer zones (0-900 m)

10’ hm®
T F Area
o ER gy gy SRR
Year Distance/m  gjight slope Steep slope sloaplg "ll':lo:al

6°~15° >15°~25°

<300 2 688.29 861.35 196.41 3 746.05
2000 >300~600 3699.25 1353.31 342.54 539510
>600~900 3596.24 144435  400.04 5440.63

>900 6926.87 3157.54 104251 1112692

<300 2571.44 811.51 180.59 3 563.54

2005 >300~600 3494.05 1238.06 304.74 5036.85
>600~900 336244 130568 35530 502342

>900 6401.09 2825.88 918.12 10 145.09

<300 2467.03 770.35 168.34 3 405.72

2010 >300~600 332653 114625 27535 4748.13
1
>600~900 3182.86 119436 31588 4693.10

>900 5982.00 255599 810.66 9 348.65

3.4 Wt HREIES R

2000—2005 F5 M EvE X bt h HAh
HIERA 19.36 7 hm?, 2005—2010 4E:34 15.73 /5 hm?,
B SaBiBE TG 5a(F5) . # MM, 2000
FUR, —RIVEFTREATHSBURH NS
NI E L, HBHHiX 19.49. 13.58 JF hm’;
TokAk SRR IR AR 35 Bk b e 1 A B
R, RIS 2 MBS 518 0.02. 0.08 77 hm?*; 2

BWHIX KE/MLYE. INKE RIS /KFI TR K
SRR R I E I, 101X 0.31 5 hm?;
o, HTFRIEWRAE., FHERIH 10a B
0.49 J5 hm’® S# A% B AR HE .
ZE[A]_E, 2000—2005 FFEARK (4 KLLE) kK
T 2 000 m BB, BEFHLEE N HAh bR H EL BN
29.3%, 2005—2010 5% 28.52% (B 5) , +H v HE,
EEZSB% 2 000 m LAP ELBI 43 FIA 70.7%F0 71.48%,
R 10 a RBBHHIB B FEREEABRYL . 78R
AH% 2 000 m IR, 10 a BAKTE 500 m A&
T 30%M3E B A Y 3, BEEFEE N, S
U H O AR LBl D,  UEBH 10 a SRIE#F
HEHCERMHHEM AR, MEAR
500 m P, HEFHOERERO GBI R, REEPE BN,
P Bt HuR B LU PR . ZES B S - M 5 R E
RATH, BERE900m LLA, ZHE 2 MRBRAK
s 1+ Hh A EL B AR 24, 900 m LASh, dEt MR
H B EL IR 40%, RPBM L, BERELRT
900 m fr1Hh X R I B b5 HH 0 E B X 8
ZEEMZE L (B 6), 2000 ELAkK, HME
i X BB R S X e 8 (H) KT 2
MZBEFEEPERKILN ST THE R
ZHBIX, DL K B i R T A 51 FE S 2 T PR A X,
FERLT 2 NSRBI R . 2 MR BRI
RS RIBASR RS JHEVICE, iT#H DMREKIT
MBEERENE S, EHEUREBHTESTIEEN

x5 HEHHFHARM A SEBR KR
Table 5 Area of land use changed from slope farmiand

10’hm’
B B/ it B Hith Kk RFH B Hing e e
Period/Year Forestland Shrubland Grassland Water  Unutilized land Residential land __ Other construction land  Total
2000—2005 1099.99 19.35 756.64 20.16 0.03 38.14 1.91 1936.22
2005—2010 849.24 29.71 601.36 10.46 0.39 74.05 8.13 1573.34
£t Total 1949.23 49.07 1358.00 30.62 0.43 112.18 10.03

M 2000—2005%F B 2005—2010%F

H. I Proportion/%
I

>500~1000 >1000~1500 >1500~2000 >2000
BEARE
Distance from road/m
a A%
a. Road

=500

L #IProportion/%
[
[=)

>300~600 >600~900 >900

BERERA
Distance from settlement/m
b. R&

b. Settlement

<300

BS 2000 Fh R4 M E NS, REGTR XA

Fig.5 Spatial relationship between land use converted from slope farmland and road and settlement since 2000
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R IREHHAT TG S 007, FEB/BUTFER:
1)10 2 R M X BHEE ERD 0.44 7 km?,
80% Ik HM; IEHEHIK D 0.16 7 km®, 94%
R, SEHIX 6°~15%F 0 TR 1
HORE, FEE B ERSEERN, SH A 4R E R
WE TR, SEt R R K .
2) ABBR S ER A SERAEY RS
B AR, KEMXEH L ENRENERE
HTAHZEMX; AzaHR RS A7
SR, TKE X BESE LRI R E = A H X
K 10 a RAKAE X S #F B #F AR B K F 5
ZEMK, BEEHMNEHERRTAZEHKX.
3) 2000 LA, BB ) BB RFIB K /MK
UM, B, R4, FEARMKML. Kk, HAh
EIRHM. KRFIFM. FAE L, —HH, BEESH
WEFE EEEARATERERINBX, RE
2000 FE LASREEH & KT 900 m Hu X 3 Bt i i b
ML BB 40%, ROHEF S MM B X, =
B BriX — X S BES B b 53 %2, NN E B
% H—HE, FHEHTRERIH AR AR
Temtk, e HER AR S00m HEFT
I 30%M Sk i, BEERERME N, WA
%5 B4+ B EG A PR ARG . 2000 SR LLSE, RN A T HEX
PeHt R T BRI ST P X R, 4
CRE P RREEAENE.RIRTH AL 2 M EX.,
4) 2000 AR BT M v Hh DX 3 B B B = A
T REFRAESKN, HEEhEE L MESRERNAE
SREEMAE N 4399.81 J7 T0/a,

& £ x #®
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Spatio-temporal dynamics and ecological service function assessment
of slope farmland in Karst areas of Guizhou province, China

Luo Guangjie>*, Wang Shijie'™, Li Yangbing®, Bai Xiaoyong®

(1. National Key Laboratory of Environmental Geochemistry, Geochemistry Institute of Chinese Academy of Science, Guiyang
550002, China; 2. School of Geography and Tourism, Guizhou Normal College, Guiyang 550018, China; 3. School of
Geographic and Environmental Science, Guizhou Normal University, Guiyang 550001, China; 4. Agricultural Ecology and Rural
Development Institute, Guizhou Normal College, Guiyang, 550018, China)

Abstract: Slope farmland is strongly affected by human activity in karst areas of southwest China, which leads to
prominent ecological problems. Quantitative evaluation of spatial-temporal dynamics and ecological service
function of slope farmland in Karst areas of southwest China can be of significance in desertification control and
ecological recovery, poverty alleviation and community development. Based on land-use data obtained from
multi-temporal and multi-source remote sensing images in the years of 2000, 2005 and 2010, and with the
consideration of slope gradient, lithology, settlements and transportation conditions, this study used the land-use
dynamic model, integrated Hot-spot area model and the model of value ecosystem services to study
spatial-temporal dynamics and ecological service function of slope farmland since 2000 in the Karst areas of
Guizhou province (103°36’-109°35'E, 24°37'-29°13'N), China. The results showed that the farmland of 4.4
thousand km? had been reduced in the Karst area since year 2000, and about 80% of the lost farmland was from
the slope area. The most farmland was distributed in the slope gradient from 6° to 15°, With slope gradient
increasing, the percentage of slope farmland was reduced significantly. In addition, the spatial dynamics of slope
farmland was correlated with the types of soil parent geological materials in Karst areas. The proportion and
quantity of land loss in the slope farmland derived from limestone, especially steep slope farmland, was
significantly higher (P<(.05) than the land in dolomite areas. There was more slope farmland distributed in slight
slope of dolomite areas. Moreover, for the space distribution, the steep slope farmland was often located in areas
far away from the settlements with most slope farmland located in the areas >900 m away from settlements. For
these areas, changing land use should been accelerated in order to conserve the soils and vegetation. Also, road for
automobiles had a strong impact on the process of land use change from agriculture in the slope farmland. About
30% of land in the areas <500 m away from the automobile road had been changed into other land uses rather than
traditional agriculture from slope farmland. With the increase in distance away from the road, less land use
changes in the slope farmland were observed. Two hotspots in northeast Zunyi and Tongren were Wujiang
catchment closing the Yangtze River, and Guiyang and Anshun cities in Guizhou plateau, where land use was
changed from traditional agriculture to other land uses in the slope farmland of Karst areas, Guizhou province.
Finally, since 2000, land use change in the slope farmland from agricultural use had produced good ecological
effects in Karst areas. The ecological services value (ESV) of the land use change in the slope farmland was
estimated to be RMB 43,998,100 yuan /yr. In short, slope farmland in karst area has changed greatly in recent
decades and its ecological effect is obvious.

Key words: land use; ecology; models; karst; slope farmland; hot-spot area index (HI); ecosystem services;
guizhou province



