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Spatiotemporal dynamics of land cover in northern Tibetan Plateau with responses to climate
change. SONG Chun-qiao'**, YOU Song-cai’, KE Ling-hong'*, LIU Gao-huan', ZHONG Xin-
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Abstract: By using the 2001 —2008 MODIS land cover products (MCD12Q1) and based on the
modified classification scheme embodied the characteristics of land cover in northern Tibetan Plat-
eau, the annual land cover type maps of the Plateau were drawn, with the dynamic changes of each
land cover type analyzed by classification statistics, dynamic transfer matrix, and landscape pattern
indices. In 2001-2008, due to the acceleration of global climate warming, the areas of glacier and
snow-covered land in the Plateau decreased rapidly, and the melted snow water gathered into low-
lying valley or basin, making the lake level raised and the lake area enlarged. Some permanent wet-
lands were formed because of partially submersed grassland. The vegetation cover did not show any
evident meliorated or degraded trend. From 2001 to 2004, as the climate became warmer and wet-
ter, the spatial distribution of desert began to shrink, and the proportions of sparse grassland and
grassland increased. From 2006 to 2007, due to the warmer and drier climate, the desert bare land
increased, and the sparse grassland decreased. From 2001 to 2008, both the landscape fragmenta-
tion degree and the land cover heterogeneity decreased, and the differences in the proportions of all

land cover types somewhat enlarged.

Key words: land cover; northern Tibet Plateau; climate change; MODIS.
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Fig.1 Geographic location and topography of the study area.

I :BeEileEfil s T % X Kunlun Mountain subfrigid and arid-
zone; Il ; T e R FE A 2 T B X South Qinghai Plateau subfrigid
and semi-arid zone; I M R A FE A L T R X Qiangtang Plat-
eau subfrigid and semi-arid zone; IV B T LA b 7 i FE A 24 15
[X' Naqu Mountain subfrigid and semi-humid zone.
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Table 1 IGBP land cover classification scheme and codes in MCD12Q1 product

(A <3 fRrg 2R fony 257
Code  Type Code  Type Code Type
0 KA Water 6 BHAHEM Closed shrub 12 4% H Cropland
1 HERER IR Evergreen coniferious forest 7 FFTCHE N Open shrub 13 SR4E 53 L Urban and built-up
2 (eI RS 8  ARAFW 14 AR/ 3 REIR S
Evergreen broad-leaved forest Woody savanna Cropland/Natural vegetation
3 P& MR AR Deciduous coniferious forest 9 Fi B 7L Savanna 15 VKEHEH Snow and ice
JEIREIFAK Deciduous broad-leaved forest 10 HJF Grassland 16 T KT ELJR Desert and desert steppe
5 JRASHR Mixed forest 11 FKAEHEL Permanent wetland 254 K413 Unclassified
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Fig.2 Annual variation of areas of different land cover types in northern Tibetan Plateau.
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Table 2 Transfer matrix of area of different land cover types in northern Tibetan Plateau from 2001 to 2008 (km?®)
2008 44 3% 2001 4R FA R

R Land cover type in 2001
Land cover
type in 2008 1 2 3 4 5 6 7 8 9 A3t Total
1 11546. 3 114.3 93.5 92.5 996. 3 2.3 0.0 4.0 367.0 13216.0
2 8.8 5512.5 0.3 29.8 338.0 0.0 0.0 0.0 132. 8 6022.0
3 222.3 73.5 283.0 141.5 666. 5 1.8 0.0 0.3 218.5 1607. 3
4 124.5 594.0 140. 8 39323.0 26342.0 285.0 0.0 1.0 21512.5 88322.8
5 69.0 3210.3 72.0 48679. 5 162320. 3 1020. 3 0.0 1.8 18084. 3 233457.3
6 0.3 0.0 2.0 72.0 208.5 116.3 0.0 0.0 0.5 399.8
7 0.0 0.0 0.0 0.0 0.0 0.0 5.5 0.0 0.0 5.5
8 48.3 6.5 10. 8 28.0 139.5 0.8 0.0 0.8 47.5 284.5
9 173.3 888.5 6.5 9336.5 10098. 5 2.3 0.0 0.3 101235.3 121741.3
A1 Total 12192.5 10399. 5 608. 8 97702. 8 201109.5 1429.0 5.5 8.0 141598. 3 465053.9

1) biR(E] Lake; 2) VK25 5 e and snow; 3) PR Forest; 4 ) Fi B 5 Sparse grassland; 5) Wb Grassland; 6) IR A X Agri-pasture; 7) e

1 Build-up; 8) /3 Wetland; 9) HE7% Desert.

$:,30.9% 5. 7% F1 8. 5% 45 55 b 3¢ 43 B 55 Sy
i 6 5 e RN V5 b T LR B R B K A AR
Hb AN 4y 32 Pl R AT R, A D ER A AR
b 3B A Ay B b R M A kg — e Y R A
TEIETR A b 5 R S V%) A L A T R A
K ,49. 8% MM HL MK 2 R B ML, 9. 6% 1Y) Hi it
AR AL A TR, RN, A 13. 1% 1) 5 H iR 16
B 15, 2% BYTE AR LR 52 A R G T b 5 o 7
TEAL TN R RS 13, 1% 5. 0% 1) 53 R
A Ry s RIS 5 5 S U DX e A K ) AR A
%4 ,71. 5% W TR AR FEAN S, 15. 2% (12, 8% 1Y
e TR A2 kg i I A 5 e ROTR & IX 1 AR AL 3
BRI R 5 RO 5 b 2 (R] (R FE Ak, RER e Ak
WOIR A DX SE K Ay 5 b R B8 7, A 30 5 el A
s B 2 e T B A A AR R X, A 0T B DX TR A
PRI/ 5 0 b T RIS I, = 2 R PR Ak
S L ] A 3 K
2.3 b S R SORASA AR Ak

2008 AFAF 5T DX S WL BE B 550 B B %8 i #41/F
2001 4 (3 3), 7 MR b vy D 35 78 o ok R
K, 2 (6] S o ksl /)N . F 5 30 ) At v DR B B 5
BB 28 110 A8 Ak 8 BT UK 358 R
T H AR AR (£24) . 2001—20084F | BF 5% X A4 5 WL IE

&3 2001—2008 EFILHEENEHTH
Table 3 Change of landscape structure in northern Tibet-

an Plateau between 2001 and 2008

IEGy  BEMUCR BEMEE RREE BEE M HYE
Year PN PD LS EisE 0 0 iz
(ind » km™2) CONTAG ~ SHDI SHEI
2001 61443 14.27 1.21 57.26 1.26 0.57
2008 59603 13.84 1.20 59.43 1.20 0.55

ARFEHCH 1. 21 Wi B 1. 20, F2 W 5OUTR IR A8 Ak
TR 5 BAk s F 9 DX 55 X0 2R 4 B 48 AU 1 i
B ZREHEAR BN S B R R N E B R
FEHL G IA LB 25 52 kK.
2.4 FEAbE R R S A SR EMN R
2001—2008 4F  #F5T X 7 NG S AR R
T T (I’ 3) , TR IR BEAE 0.56 ~ 1.36
C - (10 a) ™" AHAYZ B L an i TR e 2 (3R
5), W T 24 B ST 45 S [ 1961—2000 4F
AL X B TR I R 0.28 °C - (10 a) 7' ], Sk
MR i & SRS e A — 5L KR
SSAR € =y AT O B a1 TR E =
o JE PG L A B DK 5 T R i s T oK Rk
Je VAR B4 T ke S 4, T T K 7 L, WA T AR
Pk ; TR, 5977 J T A 0 ol 3 o ALl 2L 5 vk [
AK AL 5| R UG BT |93 A O E 5 WA R 0k

R4 20012008 FHILTER L LB IULEHEN
Table 4 Change of landscape structure of different land-
scape types in northern Tibetan Plateau between 2001 and
2008

U3l BEHEL BEH % R
Landscape PN PD (ind - km™)
type 2001 2008 2001 2008
PN Ice and snow 2347 990 0.55 0.23
WA Lake 410 533 0.10  0.12
FRHL Forest 852 2576 0.20  0.60
HESFUHIHE Build-up 1 1 0.00  0.00
1 Hh Wetland 29 779 0.01 0.18
RUBORA X Agri-pasture 1635 868 0.38  0.20
HiH Grassland 11010 13526 2.56  3.14
Bi L Sparse grassland 30082 27589 6.99 6.41
FilE Desert 15077 12741 3.50  2.96
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Fig.3 Annual changes of annual average temperature and an-
nual precipitation of weather stations in the study area.

a) R E Suoxian; b) LA Biru; ¢) 522 Jiali; d) AR Naqu; e) %%
Anduo; f) BEX Bange; g) H 4L Shenzha.

B R 3 B L TE RSO M | 5 00T A Sk v TR e 1 AR
JIrEG .

AL X 7 AN Gk SRR K B AR L SOR
— AR LKA 5 ARG A AN W D
U HL DX A PR LR AR R K S
(P 3) . Ud A R I e B AR S0 A v 3 ot [X L R T 1k
PO b X R B R W2 R AL FEAE. 2001—2004 4F, fT
A 0l ) RAR B B K 26 (2003 4EERAM)

&5 2000—2008 FERFILR ER KR EHKBEREKX
BUETLE

Table 5 Annual change rate of annual average tempera-
ture and annual precipitation of weather stations in north-
ern Tibet from 2000 to 2008

R O TR
Weather Annual average temperature Annual precipitation
station EhE R BlE R
Change rate Change rate
(C-a™) (mm - a™l)
K E Suoxian 0.13 0.40 -0.57 0.00
L 4n Biru 0. 14 0.47 -9.48 0.08
A Jiali 0. 06 0.14 -9.42 0. 06
JB M Naqu 0.09 0.33 -6.48 0.05
%% Anduo 0.12 0.47 -3.52 0.02
PEX. Bange 0.11 0.36 9.36 0.11
FFL Shenzha 0.09 0.38 10. 09 0.21

VKN TR ZE 40 , 35 /K ml Ak >k vk 1| BBl At A K B it
T R Z5 0, T8 R 00 k1 25 85 7 Ak Sk 5 3t
Bl ) N1 I | S e 1 v s i S b A
A 0 30 10 b e T L, W TR AR ke R R 1Y)
M X I . 52 3 2O IR T & B, Bt 2 I
R R 5 T G 1 B LA A 7K 5 A T AR 4 4 A
T (AR s T ) — L3519 ) T AR ZE 4, M D& R L
LA i Ll kT oK Sk 3 AR 25 A (gl AR 4
A5 ) TR A T 188 A, e R A A0 i g 4 SR R
2000 AT Fif 55 90 5 T 3 R 2D 2000 4 5 I8 16 T
BUE BTk, R Al e A 20 122 80 4E1CH 5
FHbf 5 A e i A0 P R T I A g i A
2000—2008 4, i 5% X A 9 7 2 R O A B
AT SRR 2K SN ZE G R AE
PR3] :2001—2004 4 Ay I W2 Ak B B, 375 15 17 AR ik
b i b R T AR G 05 2006—2007 4F 3R B
SR ACARFAE SE 0 1 AR N, 7 0 e AR G ik
N, EH TR R E . Sk R g = miE
A28 JEF I Landsat TM S244%6F 10 4F R B Y 21
M7 55 Bh AR AR AT ISR LL, R R % 2 1) b 3R B
i I T R S b 3 B T 1 Sh A AR AL e
2001—2008 4, A 5% X S XL Az AR 3 ik /), S S
PEREAG , £ PP oW S BT 7 H A1 08 R X 22 57 4
K, B R AT BEAE T i e b 3 o 2 30 7R A g 2 R v
TR AL S 47 ) 372 V5 R b o 1 o = A ol e 1
AWFFE HAFAE LT AR 1) thF MODIS #%
BB ARSI A BE BR 1 (3 10 4E 224 ), TCIETE
B[] RUBE |43 Hr b Hh 3 78 25 sh 5484k ;2 ) it
R SE R (HAE 7 MR A, IR RETE X
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