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Analysis of land cover changes in southwestern China since the 1990s
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Abstract; Southwestern China is an important ecological barrier and the major area supplying water to our country and most
of East Asia. In light of the impacts of global change, rapid economic development, excessive resource utilization, and a
series of ecological construction projects, land cover of southwestern China has changed significantly over the last 20 years.
This has had great consequences for the eco-environment. After assessing land cover datasets of China in 1990, 2000, and
2010, we propose a land cover classification system that is appropriate for southwestern China. We analyze the spatial-
temporal patterns, changing characteristics, and potential causes. In addition, we estimate fractional vegetation cover from
2000 to 2010 using the dimidiate pixel model, based on MODIS-NDVI data. Results show that; 1) in 2010, forest was the
dominant land cover type, occupying 29.08% , followed by grassland, which covered 24.11%. 2) From 1990 to 2010, areas
of forest, wetland, and artificial surface increased by 1.39%, 5.86% and 48.57% , respectively, but areas of shrubland,
arable land, and barren land decreased by 2.21%, 2.88% and 0.64% , respectively. The conversion areas are mainly
distributed in the regions where the ecological restoration programs are carried out, the urban circle, the earthquake stricken

area, the Three Gorges Reservoir Region, the Three-River Headwater on Qinghai-Tibet Plateau, and the southern Yunan
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province. 3) The changes in fractional vegetation cover of forest, shrub and grassland showed an overall upward trend in
2000s, but forest and shrub showed a trend of degradation in the Wenchuan earthquake-stricken area, Hengduan
Mountains, and southern Yunnan province; grassland also deteriorated in the southeastern Tibet Plateau and western
Sichuan Plateau. In summary, in the last two decades, although climate change has affected land cover, policy regulation

and economic driving forces are still the primary causes of land cover changes across southwestern China.

Key Words: land cover; change detection; fractional vegetation cover; southwestern China

r ] DY R L DX R AR VT AR S X O R AR SR 2R WA E i R E T E AR AN R
SHAHEEMFEEEN, R IZ X - oW 2e k22 5 Bk &, A sl oK R e ™ & R e A i
I EAR AR A R XN A S IR B G 55 X, 20 tH22 90 AR LK 7E & BRAR b 40 & e
KK FAAESHERI WG GEAT WU X A kA= T B KA, WA S R G MR S5 D Re ™ AL TR 5%
L D T 32 R S L1 )5 71 w127 G A O VL 2 M B LA P o v A o 2 L1 IO e
5BEHAEREZEY,

+ T AR A R R ER R AR LRI BE AR L 8 e M N A E NSNS B F R T Bk PR B
] 5 IR - i 78 e S T | G R S R A 4k R AU - i 78 B W ( GLC2000 , Globeover . CORINE ) | 36 [&
7 A ER N 25 [+ M 97 5 (IGBP-DIS . UMD MODIS NLCD) " 154 E A4 4L (FAO) JTJR AR + i 7
BIE I W ( AFRICOVER ) ', vl [ 2 57 42 Bk & v [+ M 78 9/ F 848 7= & ( GlobalLand30, CLUDs
ChinaCover) "' | 7 g 3t XA b 4080 it 2 25 G55 X 43R AR AR AR B 28 P08 X, HE - M 3 ol A8 Ak & 2 2 o6
TEo SFHAEN S A ORI RS BIORN e 2848 B W & B 30 a VTR X A 8 5 A BRI ) T 7%
25 - W0 358 5 MR AT BT (A 2R IR AL SR T 1996—2008 45 - Hi A AR B A BRI BN Bk s> bk
Hu3E I, AR BFBOR M2t K J e R EEOR S ) B ree A5 ) e B e TR AR B4 20 a 18] X B b | 5 i K
> KIER PR A 1 P S AR S R ) AR AR R M X AR AR R | - MR B 2 R AR A &
BT 20 a VT30 0t ARk | #23% FH b RIBE b A8 Ab 0 K5 AT 2R A5 I 1990—2010 2845 - b 7 35 £ 4
8RBTV SR A POMHE B 3

REETE SN ASAR AZTE S T, V4 R b X 7 2 A 1 s s A A B A R A S TR S K, AR S
BT A AR SRS HEAR AR (2000 4E—2010 4F ) 328 B A 5 1A 01 H AR AL A0 4 30 m - M e R 4
X P T HLIX. 1990 2000 F1 2010 414 - Hb B A% SRy AT 0 B, R P 6 A% 0 W 2 s 3R AN ) - 3 e 2R 0 1) e
FEIEAR MR L ; 56T MODIS-NDVI £t 1l FHAG 0 43 BEAUA 5 2000—2010 4 A A i 7 55 B, 440 [l )1 A 5 %
TRATTISZRAR T NI b P 0 78 26 P 8 A s B, 45 600 20 APk VY e M XA E S 2 0 AR SR U b
(1 e w5 G RO ) N PS i i s 22 1 R N A PR B 8 R e et P

1 HiERRSMRTE

1.1 AFFEIXHENL

ST TR VU L X (21°08'—36°29'N,87°22'—112°03'E) ,A4& )75 5t M VH K . = Fg U1 T8 (Tl
X)) DL B 5 W AP R A A T B B AR 213.24 J7 km®(F 1) o R XS E 2% RS TV b o S R DY
I Z 5 R 35 00 D T Lt 80 D7 e, 4 L S P A A B X 2 — | A SR S T A4S M
TR MR AT 32 oA, S AGE S AV AE SRS 2 XU AT 2 MR A A L R 7 v D e ) o D 0, 4
SRS IRAE 0—24°C 2Z W] AR [ /K AR 600—2300 mm 8 BN, 45 7 1) PG AL s oo 52 2% g i 30 0 /<40 4
AT T AR A Ry, K NTEI R R B2 RS R G LR,
1.2 R SR

“ e [E AR ASFREE H4EAR K (2000—2010 4F ) 38 IR H AT 514G 300 H 3R AG 42 8 30 m - H 7 Bl B S A 3
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19902000 F11 2010 4F 3 381, Hrfr,2010 4% -4 8 BB 4 L HI- A/B B4R (hutp 2/ www. cresda. com/ ) Jy 1252
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BANTHATTARAD) S RIRA A TF T | AR AR AN 5 15 B B O (5K i 4
SIS TS A [ T R A K B 1R NDVI (025 (NDVI_D) | 172 [X 4 R b 23t 5 ot
HEAER) NDVI_D B, FETFJesfebt 2 MU SR 2 T4t EH R TR S bk GBI b6 I b3 S b
SRR RIS BOBLINRE 7o 6 2 AL 53 B IR (G T I3 9604 /i
SEHRUE KL, XS 2010 AF - 3 BT B0 MG DN 25 SR AT TR BE DAY, A5 R R IR B IR B — 2O 94%, —HH
86%' ", 1990 F1 2000 4F: +- 4y 78 4 A4 42 LA Landsat T™M 244 (hitp://glovis. usgs. gov/ ) Ay E B EUHR IR, 36T
2010 471 = M AL BRI , R AR O S o A 2R RN i e A B BE AR A5 5 10 053 1 iUl A2 A DXk ] iR
AT HA7 i E R AL
1.3 BB KRS

2205 30 m LB BEHEHETE FAO LHBIB MR RS LCCS /PR T AR T, e X T iE &b E L
BLWRE R S AN TR I8 R G0, A 6 038 38 > g,

ABFFELL FIR IR G IRl 255 25 BV R 3 DX T M B R . B JRRAE ) AR AR R L S B T L P
ER, WE 1 3E T P R R B R AL, (i 7 D —22K 30 e (3R 1)

F1 EEBRIMBHERIERS

Table 1 Land cover classification system for Southwestern China

I T [ 9528 I T IEZ s £zt
Code | Level [ Code 1T Level 11 Index

1 FyiN 11 WLk bk H=3 —30 m,C=20% %%, [t
12 I bk H=3—30 m,C=20%, 7%, @it
13 SR WIN H=3—30 m,C=20%, % &%, 510t
14 PLANEIEIN H=3 — 30 m,C=20%,7&", £t
15 B RETR AR H=3 —30 m,C=20%,25%<F <75%

2 HEM 21 R HE AR H=0.3 — 5 m,C=20%, %%k, M a4t
22 T - HEACPK H=0.3 —5 m,C=20% 7% M, kAt

3 T 31 i f) K>1.5, L3R M1, H=0.03 — 3 m,C=20%
32 FJ5 K=0.9—1.5,H=0.03 — 3 m,C=20%
33 VN K>1.5,H=0.03 — 3 m,C=20%

4 b 41 K H N, T3l KA okl 72
42 it NTAERE, L33 s, AR, IO e
43 72l 3t NTAHIH:, H=0.3 — 30 m,C=20%

5 T2 Hs 51 TR T>2 8+ ,H=3 — 30 m,C=20%
52 HEAR 1 T>2 i+ ,H=0.3 — 5 m,C=20%
53 FAR T>2 diiE 4 ,H=0.03 — 3 m,C=20%
54 i RI] B SRK I, # 1E
55 IR/ YL ATk, # ik
56 AT B #AK I, i 3)
57 1B/ 7K U N TKIH, ish

6 AT 61 JEAE Hh N AR, F A 250
62 Toall A N TR R sz 8 R w0, A - @ N sorR T )
63 A& A N LHRESRT , LARFFAE

7 PRz 71 T A B H=0.03 — 30 m,C=4%—20%
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X FVC MR 3252, NDVI, AR XA NDVI A, — & 7E-0.1—0.2 Z 1] ;NDVI R4 B 5T
f9 NDVI {E, HAK Rt 22 286
AR SR 2000—2010 4F 16 K KAE A B MODIS-NDVI 7= (http ; //reverb. echo. nasa. gov/ ) , F] F /A [A]
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PARHUPE A HiL X 2000—2010 4 250 m 433K A9 4F fie KA Bl 7 55 B AU 4
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s bR HE R, FVC AS bR B R

2 FHRE5S

2.1 2010 4EVG R HLIX 4 Hh B WA =)

2010 4F 74 pg b X 1 35 B B 20 BR AR (6202.17x10* hm?) FIELHE (5140.48x10* hm?) , 23511 (5 S T AR
29.08% 1 24.11% ; H U (3271.08%10* hm* ) FIFEM (3038.39x10° hm?) , (5 LI AR Y 15.34% 1 14.25% ;
PREEH (2823.33% 10" hm®) i B FLAY 13.31% ; 14 (649.56x10* hm® ) FI A T. 2 1fi (184.48%10* hm® ) 3 /5 &
ALY 3.91%,

2010 4E) P9 = B | 5 PRFN DU | 4 kb 78 9k DL R AR =, LR B b, 45 48 T DX R MR T R L 481 43 O
51.81% .49.54% 41.87%F1 29.61% , #F b 11 X LUK IR R 28.14% ,23.40% .31.01% Fl1 23.36% ; 5 HIEE A\ T FH
He Bl K, o 5t BT AR Y 35.39% ; P4 8 AR P R 75 1 T 400 e Mt S A5 B - T L b A7) 205 K, S At 24 72 T R AH X6
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TE H ARSI S A ER -5 52, PG g L DX - B AR Jm 2 BT I S i 2 ) 22 53 (BT 1) o ARARLAH
ZRET AR RO 32 FEDA LAVE MREARMON 32, 220 A 7R BT 111 XK 2 E5RHE LR 3 458 1 X el DL i
N JZ AT R JRUAR P R AT B LA R 3, FE A DU F TV R LA R s B
o SRS SH M DX S DN AR 8, 2 N TSR AT A 3 20 A DX 5 38l DA AR o A TE O 32, £ 20 A e
LR AR e D LR RGN e i R A L R e, A i e R Bk AR
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FES: GS (2013) 13045
= AR WA = kH = AR =R L = B
= FENAR = AR o Rt = A = Tk =Ht
= EEEHAR = i = [ = KA = EA = P P
= ek = RUR = AR - o MBI o e
= fRIRZ = FA = JEARNM - BRI o HE/ MK 2w/ RARE

1 2010 £EEBE LiBH S HE
Fig.1 Distribution of Land Cover for 2010 in the Study Areal'"’

2.2 VURGHLIX L g AL

1990—2010 4F , ARAR JB AN TR G, Horb N TR I IR K, Eb 1990 4FE3 N T 48.57% ; HE M\ #
iR R D B T RV AN K (R 2) o ARAR IR Xk R AR e L 1) =T UR T R e R R FE LA X 2)
JI IR P LB SR BH R T BB 53) R RS s 4) BUNHBRR K X 55) =Wk R X AT 2 56) = B JAiL 1|
T L b AR SR E S X (E 3) .

1990s 1 2000s - b7 Pl 25 fh 34 S MR B 25 S A0 K, i 10 45, V4 g i X 3k 1245.92x 10 hm® B AE T 44t
BRI, Hrh AR AR N 323.31x10° hm?®, FEF0 [ #E M\ (48.37% ) FIHEHI (33.07%) ; HEM L
2000 4F3/0 22.70x 10° hm? | 3285 FRAK  REHAH B A% 46 ; b IS A 0820 (6.39x10° hm?) |, 25 HE N HRL 5 Hi
AHE 48 s B % 1) 227.06x 10 hm?® | e rf 840 g RbR DRI RS 1l (%) TET FR 43331 o 47.09% 21.57% Fi1 16.52%
TEHb Y AT N 45.42%10* hm? | 8K A EE ML (33.07% ) (B HE(27.62% ) FHF# (21.52%) ; N T 10
TN B IE T (76.44% ) ; BREE ML L 2000 4E08/0 9.91x 10* hm? |, 32552 5 2 b IR MO A AR B 64 (36 2) |

J&i 10 47 VG i X M B 2 AR A A AL ) IR 3 1 1491.24x10% hm?®, 5 /T 10 4FAH Fb , A8 ke 3 B
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Fig.2 Area Change of Land Cover Types in Southwestern China from 1990 to 2010
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Fig.3 Change of Land Cover in Southwestern China from 1990 to 2010

R, FRARAEE AR 357.11x10* hm?® | #F M (42.96% ) y T 5 U5 HE L H AR 336.08x10° hm?* | Hor
EEAL R A T AR (5 20.56% ; b A% A (338.24%10* hm?) %% HY AR (331.88x10* hm? ) AHALL ; kA i vk
b B O MR O N T3R5 5 MR b R 2 36, B b (38.35% ) FI#R 5 ML (30.61% ) Sk E 2ok
U5 N TR Y 5K, FERUE T B (74.69% ) 5 #i-5 M sk /D | b A Ay 50 i R b iy 1o AR | 93.799%
(%£3),
2.3 TR TR Y R I A BT
2.3.1  FRMchE s 5 R H AR

2000 41 2010 4F 7 e M AR B KR 3 55 BE (FVC,, ) KT 80% I AR AR LL 481 73 531 o 83.01% F11 88.22%
(% 4);FVC,, <80% M AR R LA /)N, =251 AR FERE T L DX )1 P8 v B B O bR R X (B 4a)
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£ 2 1990 FF| 2000 FFEEIHIK + 3B WHEBERE(x10* hm?)
Table 2 The Transfer Matrix of Land Cover from 1990 to 2000

2000 4F

1990 4f: ARk LN FHl Hith 12 b N3] PRz 1990 4E5 1t

Forest Shrubland Grassland Arable land Wetland Artificial land Barren land Total in 1990
FRFK Forest 5818.99 136.71 47.59 105.61 4.36 2.57 1.37 6117.20
# M Shrubland 156.38 2787.81 96.76 52.92 3.23 1.96 5.24 3104.31
B Grassland 52.94 98.78 4873.48 36.89 12.55 1.53 64.35 5140.51
#EHb Arable land 106.93 48.98 37.52 3141.00 9.77 22.33 1.53 3368.06
FEHEL Wetland 3.01 2.16 13.53 7.05 579.98 0.66 7.21 613.59
AN T2 Artificial land 1.64 0.99 1.06 9.51 0.49 110.37 0.10 124.17
P52 i Barren land 2.41 6.18 64.18 1.76 15.02 0.16 2766.93 2856.65
2000 FE3 T 6142.30 3081.61 5134.12 3354.74 625.40 139.59 2846.74 21324.49

Total in 2000

=3 2000 £ 3 2010 £ FEETHK + B W EBERE(*10° hm?)
Table 3 The Transfer Matrix of Land Cover from 2000 to 2010

2010 4

2000 ¢ ik WM E=T Bt Wb ATRE WL 2000 4 £ it

Forest Shrubland Grassland Arable land Wetland  Atrtificial land Barren land Total in 2000
FRMK Forest 5845.06 136.14 41.91 105.80 5.53 4.99 2.87 6142.30
#E M Shrubland 143.70 2745.53 104.33 70.10 4.79 6.09 7.07 3081.61
B Grassland 53.01 98.14 4802.24 37.04 30.69 2.86 110.13 5134.12
#Bkih Arable land 153.43 49.45 53.46 3040.28 12.25 44.20 1.67 3354.74
FEHEL Wetland 3.89 2.45 26.60 7.00 571.57 0.74 13.15 625.40
N T.ZR1 Artificial land 1.68 0.86 1.26 9.47 0.86 125.30 0.16 139.59
FREZH Barren land 1.40 5.82 110.68 1.39 23.88 0.30 2703.27 2846.74
2010 A it 6202.17 3038.39 5140.48 3271.08 649.56 184.48 2838.33 21324.49

Total in 2010

Fz4 2000 F£FN 2010 EAFHRAREREHBEE

Table 4 Statistics of fractional vegetation cover of southwestern China in 2000 and 2010

7 P =
. FEPR Forest M\ Shrub i

URC YNk

e 2000 4F 2010 4F 2000 4F 2010 4 2000 4F 2010 4F

L Y Y Y Y Y Y

FVC,, 0 - /% h /% h /% h /% - /% ’ /%
(10* h?) Letsl/ % (10 hm?) Letsil/ % (10 h?) LLtl/ % (10" hn?) Le Al % (10" hn?) Le Al % (10" hn?) LLfil/ %

<40 6.5 0.1 6.1 0.10 49.7 1.61 474 1.56 13083 2548 11838  23.03

40—60 39.9 0.65 26.4 0.43 142.6 4.63 134.1 4.41 847.9 1652 850.1 16.54

60—80 997.1 16.23 698.1 11.26 8532 2769  719.1 2367 15622 3043 15163 2950

80—100 50085  83.01 54713 88.22 2036 66.07 21377 7036 14156 2757 15902  30.94

2000—2010 4P g b X 26.54% 1Y FRMOE 1 78 25 B B3 Ik, EZE P TE 2 B SN A pRAER
IRAREE f5 DX SO AR F I IX KT LT IX | 2 T T S 5 e DX ) 8 A o 7 3 A T S 8, MGG e 1 T L L 431
ik 23.91%(E 4b)

2.3.2  VERE R W R SR AL

VU R L X TR E A 43 AR X, FVC,, > 80% B TE A L 51 H 2000 4F 19 66.07% 34 il 1] 2010 4F i
70.36% , FEEAATE SN FEBNLAE X ;FVC,, <40% B3 NTE 2000 4 H1 2010 45 5 AL LB ARAS /2 2%, =
B A AT e )1 P s R A (& Sa)

2000—2010 4F P4 RGHLIX 32.53% 11 HE AT B 78 35 B 2 3 ka3, TR B4 v fE o= 5 i D A Ak TG B X LA 2
DU RE B 5 14.23% (1) HE BB 55 5 2 T ka3, 5200 A0 76 15 R o JE AR50 80 1| R 0 IX S5 i IX (&l 5b)
2.3.3  RUHBAE W R R AR

VG M DX b o0 A )32, R X R PROR A M R W B 36 R A IK, FVC,, > 80% 11 Ml 1 A LL 5] P
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B4 2010 FAFMRERERAERBEE (a) R 2000—2010 £ FVC,, LHEBEARES7 () B

Fig.4 Fractional vegetation cover of forests for 2010 (a) and slope of linear regression of FVC, _ from 2000 to 2010 (b)
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| Efl
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HES: GS (2013) 13042

E5 2010 £FAEMREMERKERBEZE (a) K 20002010 £ FVCmax L EERARES 7 (b) B
Fig.5 Fractional vegetation cover of shrubs for 2010 (a) and slope of linear regression of FVC,,, from 2000 to 2010 (b)

2000 41 27.57% $2 5 F] 2010 -1 30.94% , £ B0 A 76 5 15 A< m 50 A W L A6 &8 )1 P8 Jb R R 56 = e

?ﬁ@ﬁgj‘%ﬁ( [zl 63) o
2000—2010 4F, V5 pg i [X. 28.87 % A4 B HiAEL 4 7 25 B S B ik 44 | L v 75 16 g 350 st B 3 235 16.14% 1Y

AR BT S L T R, SR A P i SR s I R A (181 6b)

3.1

PR M DX A B L B PR 3R
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Fig.7 Changing trends of socioeconomic factors driving land cover changes in southwestern China
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