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Temporal dynamics of vegetation NDVI and its response to drought conditions in

Yunnan Province
LIU Shiliang* , TIAN Yunyu, YIN Yijie, AN Nannan, DONG Shikui

State Key Laboratory of Water Environment Simulation, School of Environment, Beijing Normal University, Beijing 100875, China

Abstract: The characteristics of drought at different time scales between 1997 and 2012 in Yunnan Province were studied
using a new drought index ( standardized precipitation evapotranspiration index, SPEI) calculated based on daily
precipitation data from 74 weather stations. In addition, we used a time series data set (1999—2013) of the normalized
difference vegetation index (NDVI) and time series analysis to assess temporal dynamics of the NDVI, and we explored the
relationships between NDVI and SPEI. Correlations between NDVI and multiscale SPEI were examined, including annual ,
monthly, and seasonal long-term dynamics. Annual average and annual maximum NDVI in Yunnan Province showed an
upward trending wave shape with slopes of 0.0017 and 0.0011, respectively. Monthly NDVI showed the same pattern, and
the wave crest in each year was concentrated in July through September. Interannual variability in the NDVI showed
significant seasonal differences, with higher NDVI in summer and autumn compared to spring and winter. A relatively
consistent and dynamic trend was found in the time scales of mean annual SPEIL. Drought intensity increased in small
increments from 1997 to 2012, and the trend was more obvious at larger time scales. The 3-month SPEI value ( SPEI3)
initially increased and then decreased, and its wave crest was concentrated in May through July. The seasonal SPEI3 value
reflected the level of drought strength as follows: winter > autumn > spring > summer. We found that the correlation

between NDVI and SPEI at different time scales was complex and variable. The relationship between annual average NDVI
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and annual SPEI was weak, while the annual maximum NDVI and annual SPEI were positively correlated, especially for
SPEI3, SPEI6, and SPEI12. No significant correlation was observed between monthly NDVI and SPEI; in contrast, years
with average monthly NDVI showed a strong response to SPEI at different time scales. The coefficients between years for
average monthly NDVI and SPEI were strongly affected by the SPEI time scale, with a 1- and 2-month lag. The NDVI in
autumn and winter showed a strong negative correlation with SPEI for the same season, and the autumn NDVI was slightly

correlated with SPEI in summer of the same year. The lag effect was also found in other seasons to different extents.

Key Words: Standardized precipitation evapotranspiration index; NDVI; time series; Yunnan Province; correlation
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Fig.4 Long-term dynamic characteristics of multi-time scale SPEI in Yunnan Province
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Fig.6 Long-term seasonal dynamic characteristics of SPEI in Yunnan Province

2.3 mEAMRE NDVI 254805 SPEL R8I ¢ &R
2.3.1 =74 NDVI 5 SPEI 7E4EBRARAL b AYAH M

FIFH 2 48 45 3l 15 1998—2012 4Ef4FE Y SPET F1 1999—2013 4E ) NDVI 38 | 20 Mr AN [FAEGy — % 2 8] 1Y
AR B v, TR0 B AEAERR AR A A CHE RN S P . 2 r>0 B FOR AR REIEARDCE Y r<0 B, ORI AE
SRS r L X E R/ MR AH R BE

2 FIH T AR NDVE 5 A 6] R AR Y SPET B9 A1 5¢ R 4, A0 35 [A] 4F 8] ( 1999—2012) LA & NDVI
(1999—2013) Lt SPEI( 1998—2012) #iff & —4FEAIAHIC R EL, MK 2 W LLE £, NDVI {H -5 AR RE SPEI {H (4]
FIAE G R B R IEAE, IF H SPET B ] RUBEBR A AHOCPERRSS , HORIRIRE Y SPEL 5 44F NDVI A AHC R 4L
BN 0.3, A B3 WG —4E 1 NDVI 5RFE R SPEL (A RECBARSS . 7 WL 2= B8 1434 NDVI
5 SPEI AT I 3 B IEAH KOG R, i R R AN i

ZIEFN 7 KA P A A ER A T AT EXT NDVI 5 SPEL il AH e ME S s, 3¢ 3 91 T 4R fe kR
NDVI 5 R[R R EEAEY SPEL BAHKE R %L, 2448 NDVI 53 /5 NDVI [R5 2, MF& 3 Al LIE 2], 4K NDVI 5
SPEI [AHIC R E 4 R b AE, (H A 2 He 3 2 B9 EUE R, A DGR B2 5 &7 ; SPEI3 \SPEI6  SPEI2 5 44F NDVI 1Y
FHRRBFIKT 0.5, 1l W= mAE AR K NDVI 5K REEAEY] SPEL A74E — 8 M IEAH DG R, Ul B
SPEI J& NDVI i) — K %

*2 £F1 NDVI SRERE SPEI HHXRE

Table 2 The correlation coefficients of annual NDVI and multi-time scale SPEI

9 —fb Al B+ %L NDVI SPEI3 SPEI6 SPEI12 SPEI24
244E NDVI NDVI in the same year 0.2538 0.1895 0.1300 0.0742
i J5 NDVI NDVI in the lag of one year 0.1942 0.1871 0.1338 0.1105
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Table 3 The correlation coefficients of annual maximum NDVI and multi-time scale SPEI

NDVI SPEI3 SPEI6 SPEI12 SPEI24
244F NDVI NDVI in the same year 0.5534 0.5734 0.5321 0.3202
#iftJ5 NDVI NDVI in the lag of one year 0.2317 0.1868 0.1044 0.2291
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Fig.7 The correlation coefficients of monthly mean NDVI and SPEI of 12 months
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Table 4 The correlation coefficients of inter-annual change of NDVI and SPEI

NDVI SPEI3 SPEI6 SPEI12 SPEI24
NDVI 0.216 0.707 * -0.849"" -0.921""
NDVI1 0.648 " 0.886 " -0.769 " -0.723""
NDVI2 0.866 " 0.841"" -0.572 -0.417
NDVI3 -0.186 0.562 -0.265 0.016
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Table 5 The correlation coefficients of seasonal NDVI and SPEI

NDVI SPEI, SPEIL, SPEL, SPEL, SPEIL,
NDVI,, 0.061 -0.136 -0.168 0.187 -0.141
NDVI,, 0.420 0.166 0.116 0.139 0.055
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