YIEAS 2016, 40 (1): 13-23 doi: 10.17521/cjpe.2015.0236
Chinese Journal of Plant Ecology http://www.plant-ecology.com

1982-20124F il tEH #7 T 1k Kz E 33 S 02T 14 89 A oz
Kk #? =F5EY B &' AP FZhEE

e [ R T A A BRI, SRS AR R A R, BEARTE 8300115 PRI K, Jbst 100049

% F A IR BWDYD B R R AR KRB, 2 N T T A A BRI R A R A . 1% SR
1982-20124F-GIMMS-ND VIS, Wi KT BT HEEH M. W01, BTSN AR IEAL /B (EOF). 77 e {H /il
(SVD), LRGN RIAIAE R PRAN LS B IR R, WF90 T A3 1402k P AR 4 (0 A8 4 S SLAR A b R R ZE 5, 20 A T AR U AR
M N O ER 2R MEEFE ST RIN, 34% K WA HEND VIR Z K (p < 0.05), LXAEBEND VI G 3 2 7T I8 B BE4£0.004
AR TR B, 63% 1 7 TP A1 52 1) Bk 1 B2 5 (p < 0.05, 1X4% 4 FUMISR), T32% MAEAE S B IR M B e <
0.05, 1X9% M IEAHIC) . EOF/r MR I, WO WAHBNDVIFI AR I BRI A= M Z2 5 W0 IX R AR AH R ND VIS Ak 25y
3N BE, BSEHE K (1982-19944F). J5 % Eh(1994-20024F) 4R & 4k 4248 K:(2002—20124F); M P4 b 451 SR X (AE A ND VTAE Ak,
TERIAFHEANEL, B (1982-19944E) 1 J5 k2D (1994-20124F) . SVDAHTEMH: 198220124 (1) H 3V FE 4k 52 31| B 7K Al
AR FLFE R, FEAEND VIR A (B ASARHAE 5 B K (0 2% [ AR AR AR g — 3%, AR PG AB &R AN L DX FE 4% ND VIR =R PR o 3 A
TEZE St

KEIR P AMRARL; TR B WD), 486 IEAL S iR(EOF); 7 {H /M #(SVD)

SRR kB, B, BRI, BT, M (2016). 1982-20124F Hp AR B 748 fh fe o A% A8 A0 (B R A &5 244, 40, 13-23. doi:
10.17521/cjpe.2015.0236

Vegetation change and its response to climate change in Central Asia from 1982 to 2012

ZHANG Qi'?, YUAN Xiu-Liang'?, CHEN Xi', LUO Ge-Ping', and LI Long-Hui'"

!State Key Laboratory of Desert and Ousis Ecology, Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences, Uriimgi 830011, China; and
2University of Chinese Academy of Sciences, Beijing 100049, China

Abstract

Aims Central Asia is one of the most vulnerable and sensitive areas to the change in climate. To understand the
response of Central Asia ecosystems to climate change, it is important to improve our understanding of vegetation
change and its response to climatic variations. Our objective is to explore and analyze the normalized difference
vegetation index (NDVI) and its response to climate change in Central Asia during the period 1982-2012.
Methods The linear regression, the empirical orthogonal function (EOF), the singular value decomposition
(SVD) and the partial correlation analysis were used to analyze the NDVI change and its response to climate
factors in Central Asia during the period of 1982-2012.

Important findings 34% of vegetation in Central Asia showed a pronounced change in NDVI with a significant
trend of increase (p < 0.05) and the rate of increase in NDVI exceeded 0.004 per year for mountainous regions.
Both air temperature and precipitation showed significant effects on NDVI. Based on partial correlation analysis,
63% of vegetation was found to be significantly affected by precipitation (p < 0.05) while 32% vegetation was
affected by air temperature (p < 0.05). The NDVI changes showed increasing trend from 1982 to 1994, fluctua-
tions between 1994 and 2002, and increasing trend again from 2002 to 2012 in mountainous and northeastern ar-
eas. While the NDVI changes experienced increasing trend from 1982 to 1994 but decreasing trend from 1994 to
2012 in northwestern areas. Based on the analysis of SVD, the spatial patterns of NDV1 variations were consistent
with the spatial patterns of precipitation variations. However, the temperature responses of vegetation NDVI dif-
fered across the northeast and the mountainous regions in Central Asia.

Key words Central Asia; climate change; normalized difference vegetation index (NDVT); empirical orthogonal
function (EOF); singular value decomposition (SVD)
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2004; de Beurs et al., 2009). {EfEAR AN 5)
FRIRCERE A T, A o AR A AR A S 0 AR AL
(M AL, o BRI X AR R
Fifi i A A RS AR I A N X

FEHOE IR, AR 5 SRR A AR SR A1
SRR . CARIEIE I B TP A T G 7 v 03 (de
Beurs et al., 2009; Piao et al., 2011), B WS

TURAAL T HEA R S U 7 2 T SR,

(R OR 22 B AR SR AR T2 1t 20 4] 3 DA AT AR
AF IR W (Propastin et al., 2008a, 2008b). W77 1- %
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Fig. 1 The annual mean of normalized difference vegetation index (NDVI)(The gray line indicates contour line, the interval between
lines is 1 000 m) (A), annual precipitation (B), annual mean air temperature (C) in the period of 1982-2012; the spatial pattern of
annual mean NDVT change (D) (p < 0.05), annual precipitation change (E) and annual mean air temperature change (F) (the point
represents p < 0.05) in the period of 1982-2012; the temporal trends of the annual mean NDVI (G), the annual precipitation (H), the
annual mean air temperature (1) in the period of 1982-2012.
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Fig. 2 The partial correlation coefficients between annual mean normalized difference vegetation index (NDVI) and annual precipi-
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tation (A) and annual mean air temperature (B) in the period of 1982-2012 (p < 0.05).
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Fig. 3 The first two leading spatial modes (A, B) and their associated time coefficients (C, D) obtained from empirical orthogonal
function of annual mean normalized difference vegetation index (NDVI) over Central Asia in the period of 1982-2012.

R PWAPEES I AR ERKE, PR IEAT
IR = A5 (B ) 7 22 Tk

Table 1 The variance contribution by the first three leading modes of
annual mean normalized difference vegetation index (NDVI), annual pre-
cipitation and annual mean air temperature in Central Asia from empirical
orthogonal function.

RS T7 22Tk

Mode Variance contribution (%)
AR L Bk il

Normalized difference  Precipitation  Air temperature

vegetation index

1 22 35 74

2 17 15 10

3 9 8 6

E Ik 48 58 90

Cumulative

variance
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AT L R —F(E2A) . 5 HARBSTEEMT
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Fig. 4 The first two leading spatial patterns (A, B) and their associated time coefficients (C, D) obtained from empirical orthogonal
function of annual precipitation over Central Asia in the period of 1982-2012.
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Fig. 5 The first leading spatial patterns (A) and its associated time coefficients (B) obtained from empirical orthogonal function of
annual mean air temperature over Central Asia in the period of 1982-2012.
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Fig. 6 Spatial patterns of the first three leading modes obtained from singular value decomposition between normalized difference
vegetation index (NDVI) (A, B, C) and annual precipitation (D, E, F) for the period of 1982 to 2012, and their corresponding time
coefficients (G, H, I).
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Table 2 The variance contribution by the first three leading modes of singular value decomposition between annual mean normalized difference vegetation
index (NDVT) and annual precipitation, and annual mean air temperature in Central Asia.

(S NDVI5 [#%/K & NDVI and precipitation NDVISS i NDVI and air temperature
Mode T BT HRRH T TR HRRH
Variance contribution (%) Correlation coefficients Variance contribution (%) Correlation coefficients
1 49 0.73 77 0.64"
2 19 0.81" 13 -0.38
3 8 0.75" 4 0.02
* p<0.01,
Z 0.04 Z ]
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w vy 3
0.02 0.03 % 2
21
Z . 4
T 0 o r 0 20y
=+ = =
-0.03 -1
-0.02 o - NDV] —d—
QZ I z | ~0.06 “E‘Q -3 “ (il Air temperature —e—
o . -0.04 & = . . = . : . : i
50°E 70°E 90°E 50°E 70°E 90°E = 1985 1991 1997 2003 2009

AT Year

El7  1982-20124F b WV FE VA — AL A 8 5 B (VD VI (AY IS IE(B) & S8 43 AfAS B (1) 8 — A 32 TR AR 1] £ 1) 2 (0] 40 A R[] R
#(C).

Fig. 7 Spatial patterns of the first leading modes obtained from singular value decomposition between normalized difference vege-
tation index (NDVI) (A) and annual mean air temperature (B) for the period of 1982 to 2012 and associated time coefficients (C).
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