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Tab.1 Research on the longitude, latitude and altitudes of the meteorological stations in the study area

iR ZJE/°N i/ K TR B/ m U ZJE/°N i/ TR R BE/ m
ot 99.82 23.47 582.2 VLI, 99.82 23.47 1120.5
B 99.93 22.56 633.2 itz 99.93 22.56 1155
Fiii R 99.4 23.54 762.9 R 99.4 23.54 1162.3
BT 101.12 23.99 826.7 Bk 101.12 23.99 1176.3
A 100. 14 24.45 913.2 IR 100. 14 24.45 1278.3
vy 101.86 22.59 913.8 J5E 2 101.86 22.59 1302.1
W 99.59 22.65 945 YL 99.59 22.65 1314.6
B )1 100. 86 24.44 959.1 TH 100. 86 24.44 1336
FH R 100. 45 21.95 995.3 2] 100. 45 21.95 1502.4
) 99.26 23.16 1012.9 g 99.26 23.16 1528
BT 100.96 22.79 1044.1 JRUR 100.96 22.79 1569
T v 101.68 23.43 1054.8 i 101.68 23.43 1606.2
Bk 101. 05 23.03 1104.9 g7 101.05 23.03 1650. 6
FHYR 100.09 23.88 1105.4 ZERH 100. 09 23.88 1652.2
=5 98.69 24.6 1108.6 B 98.69 24.6 1654.6
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Tab.2 The four-season and yearly NDVI changes at the various altitude gradients from 2001—2013 in the study area

WK BE

ERTEIEN
<1000 m (1000,1250 m] (1250,1500 m] (1500,1750 m] (1750,2000 m ] >2000 m
Fe=s 0.01 0 0.01 0.03 0.04" 0.02 0.02
HZ 0 0 0 0 0 -0.01 0
’ZE 0.01" 0.01" 0.02"" 0.03"" 0.03*" 0.04" 0.02" "
K7 0 0 0 0.01 0.01 0 0.01
sy 0 0 0.01 0.01" 0.02** 0.01 0.01~"

U IORAME I T F AR 0. 01 K EAFRE, " FR KB AGEN T F AL 0.05 K E AR
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Fig.2 Spatial pattern of change rates for NDVI(a,% ) NDVI significance level(b) and its coefficient of Variation
(¢)in study area during 2001—2013
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Fig.3  Evolution of time series of SPEI from 1961—2013 in the study area
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Tab.3 The monthly and yearly NDVI with the correlation coefficients of SPEI at the different time scales for the regions below the altitude of 1750 m

S I ] RUEE/ H

1 2 3 4 5 7 8 9 10 11 12
1 A 0.47 0.53  0.74** 0.70**  0.53 0.58*  0.56* 0.37 0.30 0.31 0.30
2 H 0.18 0.40  0.45 0.65* 0.64* 0.51 0.66* 0.66*  0.49 0.44 0.46
3 H 0.26 0.39  0.45 0.56* 0.65*  0.58* 0.46 0.5 0.54 0.40 0.21 0.23
4 7 0.64*  0.59* 0.71** 0.70**  0.73** 0.76** 0.74** 0.54 0.52 0.48 0.36 0.17
5 H 0.52 0.55  0.55 0.6* 0.64* 0.61* 0.61* 0.57°* 0.46 0.37 0.44 0.38
6 H 0.49 0.37  0.33 0.32 0.32 0.34 0.29 0.1 0.03 0.18 0.09
7H  -0.14 -0.07 -0.22 -0.34 -0.3 -0.36  -0.38  -0.37 -0.3 -0.12 0.02 0.04
8 A 0.59* 0.23 -0.21  -0.48 -0.47  -0.46 -0.45  -0.45 -0.47  -0.39  -0.31 -0.32
9 A 0.12 0.43  0.52 0.04 -0.18  -0.06 -0.08 -0.1 -0.1 -0.13  -0.15  -0.21
10 A 0.59*  0.52  0.49 0.61* 0.64* 0.28 0.33 0.33 0.32 0.31 0.29
11 A 0.09 0.28  0.27 0.26 0.35 0.1 0.02 0.09 0.06 0.09 0.08
12 A 0.23 0.59* 0.48 0.43 0.37 0.45 0.22 0.13 0.21 0.18 0.2
HE 0.57* 0.62* 0.64*  0.65" 0.69 "~ 0.61*  0.52 0.47 0.43 0.32 0.22
HZ&E  -0.52  -0.57* -0.56* -0.56* -0.58* -0.59* -0.59* -0.58* -0.52 -0.44 -0.35  -0.27
FkZ 0.19 0.27  0.37 0.38 0.23 0.02 0.02 0.02 0.0l -0.06 -0.03
27 0.38 0.61* 0.72** 0.7** 0.64*  0.62* 0.64*  0.59°* 0.49 0.41 0.4 0.42

“FFR P<0.01, *FFIR P<0.05
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Gh KK Ay 1—4 B W] — H {7 2005 4,
2010—2013 AL HE I T AFE B 1 A H R T 8 2
NDVI %5 2001—2002 4F 2004 4F 33 K (14 5 7K 247 %
A PSR Sl R R ORI R i AR IX
AR B EN X EEHEFAERED DT K,
— A SRR DR S TN I A Bt B 4
X
4.3 A REiEHEEE NDVI X FEBEN S5
NS RIS 2 NDVIHRAE T 558 ) 1 5
55 , FATEBOS TIRAS b o M U 1—4 A AR
B, Rl , % & 51 NDVI X Rk K 78 Hi R S8 7k
ST R B A RO, RATUA S 1—4 A
NDVI i )i f 58 4 SPET 4§ 0% i 5f [ RUEE R 119
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SPEI{E R H e i, S 3 A~ BFEIRBEER) 1 ] SPEL
H % 8 B —4 1112 ARCY4E 1 H 3 A4~ H Bk
KEHATE M, s A A I b 45 . 4 A
BRI R 2 H SPELAE,5 N HEFEIREM 3 H
SPEI{H,6 /> A BFE]REERY 4 H SPEL{EAE R 1 T
BAERGE 2 T RAE MR E bR, X gl B4R 1—4
H NDVI Fl B 5% X 2001—2013 4EF# 1—4 H
NDVI 47X b o BEH 2 AT F4ER0 B 1Y 238 1 A
F 2 AT R4 NDVI IE S5 o0 X US55 46
— , VI U1 3E 5 % FIAS 5 3% T 5 R W AR 9 19 40 A
X, o BEAR H A, BH SPEL $5 80y 1 T #A
1 PR 0V AR 20U 1 DT R DX T 1
M, A58 H P MR - B A v 1—4 ] 8 331 4 X6
Iz B[R] RUBE T 9 2R 7K & A o 2001—2013 4
SR K & e MBI RTI AL, BT R 1—4 A
WA BAE a3k 4,

3 0 B B4R 1—4 ) NDVI FIMF 5T B B

SEH) 1—4 A NDVI X} e g k47 B g it , 3
KIS H NDVI 25 5 A 54 F] NDVI, X
Fb 2 AN 544FH NDVI IE 7 B SF9 o036 8] X 38 7E R
[FIEF AR RE oA (R 5) , KB 2 AN IRl T AR
1—4 J] NDVI PR, A 63. 1 ~74.7% X,
35— 35, U T R DX A2 T 525 M ) A DX 32 A
X AR H Y T B X S A A AE 1000 ~ 1750 m 1
3 AN BAE . NDVI IERE S 0 {UF 11.8%
~31. 6% M X IR A, X 88 K I AE S 0 B 1Y
SAREA B Z TR, Bt 20 ki,
NDVI IEFE-RIeH 52.8% ~74. 3% W5 e 4 e
[] 2725 NDVI=0. 6 114 = F 4 [X 45, 3¢ 2 X Il 2 B
A3 FWFFE DX PG AR A A 7 N | 2R B ¥ 1 3
T IAREE H W PO RUR A (L) o s, 1—4 A
R Z A IE ST E A KIS B R Efkb R
H A 2 1) <1000 m VAR FREE b, X WM 55—
FEARIE T A Do XSRS A B — 2 IS T o

x4 MRKX 1—4 AABTREFHIER

Tab.4  Selection on the typical drought years from Jan ~ April in the study area

91T RAE 92 TR 1981—2010 4E [
Ay SPEI {H LI K/ mm 4y SPEI{H BnpEK ./ mm R /K A/ mm
1 H 2001 -1.3 26.4 2010 -1.1 42.0 89.3
2 A 2010 -1.3 45.0 2005 -1.2 44.0 112.7
3 H 2004 -1.6 53.0 2010 -1.2 81.4 140.6
4 A 2001 -1.7 83.9 2013 -1.4 126.1 200.0

xRS 2AHABTEENDVI EABEFETLEREHEFGTEAR GERE KT FHIER
ERRBREELLERS R (%)

Tab.5 The ratio of the NDVI positive and negative anomaly pixels and the ratio of the overlapping area of the positive anomaly

pixels to the average area of the positive anomaly pixels at the various altitude gradients for two typical drought years( % )

1A 2 A 3 A 4 5
BB H2R4E FI1RE F2RE BB H2R4E F1RE 552 B4R
EREPAR T % 24.4 20 17.6 42.8 31 28.8 29.8 37.9
fEE AR T % 75.5 79.9 82.3 57.1 69 1. 70.2 62
E/ ROt E
A X5 /U400 11.8/74.7 14.9/63. 1 23.3/67.2 31.6/65.0
IR H R
39.9/10.8 19.1/15.0 7.8/16.7 29.5/10.3
/R T2 T A K 13.2/19.7 15.7/20.1 11.5/23.0 26.3/18.5
FER AR 15.9/22.7 23.4/20.7 13.9/23.4 19.2/21.6
QNG 11.7/20.2 16.0/18.0 16.4/17.4 11.7/19.4
RLES 5.6/14.8 11.6/13.6 17.3/10.8 5.7/15. 1
13.8/11.8 14.2/12.6 33.1/8.7 7.6/15.1
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(1) PUZEFIAE Y P4 e 3 X R 2 B B LK
1500 m (% 3 ANGHRAS B NDVI LAY 3 AN 4R R
A, OB BT X P2 4R NDVI
AL A1 (0.0 ~0.02) /10a,

(2)2001—2013 4, JE P4 g Hiu X AN [ 96 4 466 32
#1870 NDVI ZBL H o AP —E 22 7, (A R B4R
HTE -10% ~ 10% S [l ; DL 1500 m A 5, AR 40 F 4y
Fiid (RF) 10% (- 10% ) i XA R F (IKT)
1500 m [ 3 AMEFIRBREE b BREZEAN, HoAx 3 FA0
AEWFSTIX NDVI it K s 172,

(3)HEPERHLIX. 1750 m 4L T AY NDVI 5 1—
5 HFd (425 SPET 48 50 2 BRI IEAH G, 1 5 5
=1 7—9 J] SPEI f8 8- IL H FAH ¢ s NDVI A {37
2—8 N H RN H K o B 7 s . AN
I 30 R 28 ATl R A B 1 Rk e, (AR R [R] i
PHBIEH 22 NDVI Y SPEL 55U EEA T TH] .

(4) 5HFFERT B [FIHA NDVI SF-R{EAH EL , S0
2 AR AR 1—4 H NDVI R0 KRR
1000 ~ 1750 m ¥R . NDVI IF I8 4 X %
BN, FEAEFE NDVISEEIE =0. 6 & {EX
5.2 it

AR, HEA 21 DOk, T 245 L A
EFREE T, VE 7Y R L X DU 2 FNAE 41490 NDVI i 5
BN AR E TR, R EATRERZ
A B X, X R 21 IR AR
TRTR Ik 2 201k BEY AR IR A A 28 TR AL
it Be N5 B IE [R5 MR A 25 5 o R 2 A~ iy
TF54E 1—4 H NDVI 7 i 4% 6 4 # T 1000 ~
1750 m ¥ 4k {0 [, [ B 00 5% B B b 1) R 22 i B
NDVI 254 #43 BH 1000 ~ 1750 m {4k 5 B AR 4% ek
0 X P HESE X 1000 ~ 1750 m | (AE B B AT
JITCRE: , (EUAH LA VBB 8 1 il B ) =2 A
ASAEIARZ A o 05 A ofe T 5 2 ) i AR R
T, WFFE X 1000 ~ 1750 m AL A TR b BOAE B
V5 TN 5 A 1) JRURS: R 38 o R R K A 20 1 H R
7Bk M L AR O B R B < 1000 m YR A B
NDVI 5N [R] i [a] )RUBE SPET $5 5 ) AH SC PR AIG, B
2 A B 1—4 A RZ A E ST E
A XA T X B RS 3 2 <1000 m
PR LRI AE A ) 2 B OR S R 7, AN X s A Ak

A —E BTG N T o (EE L HOR e E AT
SAIRRSE BRI T RIS R R S5 2R, 5 )5
(BIEFE DR ST Sl XA A~ P ai B 14T 57
O3 3 [N LA A BRI AN 3 ) S T IR R
LR FEHI T X M S TR MR R 2= A2 A 1) 32
Wi HEATIRA T, AU BT A I 5T R
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Changes in NDVI and Its Response to Changes in Dry and Wet
Weather at Different Time Scales in the Southwestern Yunnan, China

ZHAO pingwei, LI Hongbo, GUO Ping, YANG Wen

(Lincang Meteorological Bureau of Yunnan Province, Linchang 677099, Yunnan, China)

Abstract; Based on the MODIS/NDVI normalized vegetation index time series from 2001 to 2013, a variety of
indexes including variation coefficient and one-way linear trend change were used to extract the NDVI change
information in different elevation areas based on the SPEI index and DEM classification data, and analyzed the
spatial and temporal variation of NDVI at altitudes in the southwestern Yunnan region and its response to changes in
dry and wet weather at different time scales. The results showed that: (1) The fluctuations of seasonal and annual
NDVI at different altitudes in the study area were small, and there was a certain difference in the change trend of
NDVI with elevation gradients, but the overall upward trend was obvious. Four seasons and annual NDVI
improvement areas accounted for 46.9% ~74.0% of the study area. (2)The percentage change of NDVI for each
elevation gradient was mostly concentrated in the —10 to 10% range; with 1500 m as threshold, the area where the
percentage of change exceeded (less than) 10% ( —10% ) focused on three altitude gradients with higher than
(less than) 1500 m. (3) NDVI at each elevation was most closely related to the 2—8 month time scale SPEI
index, indicating that the NDVI in the study area had a hysteresis effect and a cumulative effect on the response to
precipitation and evapotranspiration caused by precipitation; From January to May, and in spring as well as winter,
the NDVI response to SPEI was stronger and the NDVI was negatively correlated with SPEI index in July-September
and summer. (4) In the two typical drought years, NDVI negative anomaly pixels were mainly distributed in three
altitude gradients from 1000 to 1750 m. Vegetation that was less affected by drought concentrated on NDVI =0.6

Vegetation area.

Key words: southwestern Yunnan;different elevation gradient; MODIS/NDVI; SPEI



