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Abstract: The middle reaches of the Yangize River (including Hubei, Hunan, and Jiangxi Province) and the “Central
Triangle City Grop” are located in the center of the Yangtze River Economic Belt and are one of the key national ecological

secrity areas. The dynamic change of vegetation is affected by geographical environment and climate change, which is
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closely related to the future regional sustainable development. Based on MODIS NDVI time series remote sensing data from
1999 to 2015, the paper analyzed the dynamic characteristics of vegetation and its relationship with climatice factors in the
middle reaches of the Yangtze River from 1999 to 2015 by applyingtrend analysis, coefficient of variation, rescaled range
analysis, and partial correlation analysis, etc. The results showed that the average value of NDVI in the middle reaches of
the Yangize River showed an overall upward trend ( increased from 0.72 to 0.80). From the perspective of spatial
distribution, the low-value area of NDVI (0.1—0.5) was 1.40% , and the high-value area (>0.7) accounted for 87.15%,
overall pattern of NDVI was high in the west and and north region and low in the east and south region. The low-value areas
were radiated outward from the capital cities of the three provinces. Based on hurst index, the changing trend of NDVI was
uncertain in most areas (60.54% ) of the study area. The continuous improvement area (34.78% ) was mainly distributed in
the western mountain area, and the continuous degradation area (3.26% ) was mainly distributed in the more developed
urban areas with frequent human activities. On the interannual scale, no significant relationship between the NDVI and the
meteorological factors were observed. From the correlation between vegetation and climate factors, the relationship between
NDVI and meteorological factors was not significant on the interannual scale; on the monthly scale, precipitation, relative
humidity and sunshine hours were the main factors affecting NDVI change, and precipitation and sunshine hours had
obvious time lag; on the spatial correlation, the area of positive correlation between vegetation change and temperature and
precipitation was larger than that of negative correlation, and the area of positive correlation with relative humidity was
larger than that of negative correlation The area with negative correlation to humidity and sunshine hours was larger than that
with positive correlation. The dynamic trend of NDVI in the middle reaches of the Yangtze River was mainly uncertain, and

the regions around the urban agglomerations showing continuous degradation of NDVI should be concerned.

Key Words; Middle reaches of the Yangtze River region; NDVI; spatiotemporal change; climate; correlation analysis
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Fig.3 Spatial distribution of average NDVI and pixel distribution in the middle reaches of the Yangtze River from 1999 to 2015
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Table 1 Trends of NDVI in the Middle Reaches of the Yangtze River

NDVI #4254k B P A E 41
NDVI trend change Area percentage/ %
HA {335 Significant improvement <1.96 67.39
12k 3% Slight improvement >0.0005 -1.96—1.96 22.59

FaE A4S No change -0.0005—0.0005 -1.96—1.96 3.20
2Rk Slight degradation <-0.0005 -1.96—1.96 5.27

J=HE iRk Serious degradation <-0.0005 <-1.96 1.55

NDVI. 2R H— b #3550 Normalized difference vegetation index

3.2.2 NDVI ghsfase ot
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Fig.4 Trends of NDVI in the Middle Reaches of the Yangtze Fig.5 Annual average NDVI variation of vegetation in the
River from 1999 to 2015 middle reaches of the Yangtze River from 1999 to 2015

F2 KiIHistX NDVIZERRE D HR

Table 2 Classification of NDVI coefficient of variation in the middle reaches of the Yangtze River

B CV1{H Bou ik AR 23 L/ %
Fluctuation level CV value Number of pixels Area percentage
F AR B Minimum fluctuation 221589 39.57
BARWE S Low volatility 0.047—0.054 110605 19.75
& H13 ) Moderate fluctuation 0.054—0.087 182505 32.59
B8l High volatility 0.087—0.250 39189 7.00
i F 2 Maximum fluctuation 0.250—1.100 6130 1.09
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3.3.1  NDVI 535 (4 B B AR DG 23 A
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P FE O RH AR T H R IHECA A G, ND VI 5 2% UM DR 3 B A 5 28 B0 i A1 O B B R IR 31 1 35K -F (P>
0.05) . RWITEARFRAR A RUE b I e i DXCHE (A DX I ND VT[] S92 A B o AN 2 R 15 20

%3 KIIhiFX NDVI B0 #55 R% Hurst J555 2
Table 3 NDVI change trend and hurst index classification in the Middle Reaches of the Yangtze River

NDVI ZEfL S BE A H{H A B 7L/ %
Types of NDVI changes J3 value 7 value H value Percentage of total area
FREM: B B3 Continuous improvement >0.0005 >1.96 >0.5 25.0

FRE MR M Continuous slight improvement >0.0005 -1.96—1.96 >0.5 9.78
FRLE R E AAE Sustainability remains constant -0.0005—0.0005  -1.96—1.96 >0.5 1.42

B MR 1k Sustained slight degradation <0.0005 -1.96—1.96 >0.5 2.47
Figett ™ EiR b Continuous severe degradation <0.0005 <-1.96 >0.5 0.79

FR A E Uncertain future trends — — <0.5 60.54

R4 1999—2015 SFRITHIFEHIK NDVI 5SEEFHEX RE
Table 4 Correlation coefficient between NDVI and climatic factors in the middle reaches of the Yangtze River from 1999 to 2015

HRRE (CEEEN
Correlation coefficient Partial correlation coefficient
NDVI—#J¥ NDVI—Temperature 0.286 0.488
NDVI—P#7K NDVI—Precipitation 0.07 0.277
NDVI—HHX$ {2 % NDVI—Relative humidity -0.348 -0.646
NDVI— H fEHF4L NDVI—Sunshine hours -0.06 -0.532

bR A AR T5 NDVI 22 8] i AR e Al LB
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HARXHR R B W2 ARG ;7 H NDVI 32 5 H Bk
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24 H BRI XHR R L [Rl 2 5 10 H 52 9 H IREK
AR EE L H BB 11 H 58NS WFHL R
EARIEFR 12 HZ Y AR S H IR 552 m
BRI EE R HFE B 2502 52 e 4 VL P i X8k NDVI

Hurst$5 5 &5 1k #4 3
ZET AR A B A R T B KR H R A B e P B R R RARTE [ SRR
. O &m0 SR
LT [ FoteRupiie I Sohsm B

3.3.2  NDVI 535 128 (B AR D 2 A

INZS [RIAH SEPE R T W9 IX 4 8 43 i X NDVI A4
PRAR A5 S R B A DG M JF AN | 35 NDVI 5 <0
Bef 7K 2 T AR S A T R L 461 T A O 1 T FRLLE 9] (36 6
FIE 7). NDVI 5 IE MK S IEAH SR AR L] 5 71.829% 1 61.56% , Hodt 78 P<0.01 (/< : 1.85% ; [ K .
0.63% ) il P<0.05 (i :5.39% ; 57K :2.82% ) /K- Lk FE 35 . NDVI -5 A XV A1 H IR sk 50 52 670RH O A T

6 KT NDVI kREXBERE
Fig. 6 Future trends of NDVI in the middle reaches of the

Yangtze River
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FRHB Y 66.38% F1160.51% , Hod | 78 P<0.01 (AHXHEEE :1.90% ; H #7.0.32% ) F11 P<0.05 (AHXHEE :4.66% ; H
18.2.28%) /KF FisE B2, BAORE , KT A iEih X NDVI 586 K 7 15 2 83 AR S e 94 31 R
(K7 A& 8) :7.53% (i) 7.31% (AHXIRIE) 4.12% (FE7K) \3.76% ( H IRINED) . UL 58 DRI AGE
RN ST B 28 A TS S SRR

®5 KiIIHiFtX LA NDVI 55 0—3 AESEEFREXRE
Table 5 Pearson correlation coefficients between NDVI in each month and climatic factors in current and previous one, two and three

months, respectively

EREAT 5 NDVI [#HC R EL Coefficient of correlation with NDVI

Climate factor 1A 2H 3H 4H 5H 6 H 7H 8 H 9H 10 A 1A 12 A
70 0.437 0.127 0.385 0.327 0.056 0335  -0.0600 0561  -0.093  -0.062  -0.099 0.003
PO -0.730** -0.111 0.391  -0.265 0.221  -0.375 0.140  -0.294 0.587*  0.025 0.144 -0.140
HO -0.447 0212 -0.033  -0.344 0.023  -0533*  0.006 -0.757**  0.653*" -0.251  -0.032 -0.517 *
S0 0.717** -0.009 0.125 0.086  -0.286 0406  -0.061  0.748**  -0.474 0451  -0.134 0.588 *
Tl 0.254 0419  -0.064 -0.226  -0.218 0263 -0.494 -0.142 0.115 0.003 0.465 0.345
Pl -0.048  -0.638 " -0.037 0.288  -0.045 0.181 0.483  0.182 0.114 0.567* -0.129 0.417
Hl -0.219  -0.438 0.306 0312 -0.202 0.064 0.055 -0.130 -0.210 0.536* —0.268 0.396
st 0.096 0.624** -0.133  -0.695** -0.142 0.004  -0.141 -0.035 0.143  -0535"  0.297 -0.387
2 0.060 0.175 0.299 0.18  -0.039 0.255 0.103  -0.091 -0.217 0.080  -0.063 0.103
P 0.182 0357  -0.621%  0.334 0.343 0.025 0.534* 0.334 0.244 0.000 0.240 -0.100
mn 0.090 0.000 -0431  -0301  -0.041  -0.259 0329 -0.074 0.079  -0.289 0.225 -0.200
52 -0.234 0.055 0.548*  0.085  -0.045 0238  -0.335 -0.025 -0.060 0.355  -0.387 0.338
T3 0397  -0.100 0.091  -0.003 0.184 0.048 0.178  0.034 -0.051  -0.341 0.310 0.070
P3 -0.360  -0.090 0.180  -0.532*  0.001  -0.038  -0.036  0.327 -0.054 0.196  -0.101 0.378
H3 -0.519* -0.059  -0.285  -0.376 0.043  -0.063 0.046  -0.011 0.119 0.169  -0.331 0.344
S3 0.419 0.139 0.238 0122 -0.137  -0.002  -0.040 -0.095 -0.220 0.106 0.375 -0.365

T:"3If Temperature; P; F&7K Precipitation; H;: A% Relative humidity;S: H BT %X Sunshine hours;0: 4 H ; 177 1 ;2.0 2 H ;3.0 3 H; = F£m& P<0.05,
# % IR P<0.01

F6 KIIHiFX NDVI EFREUSSEEFHEXEERS 6/ %

Table 6 Regional distribution of NDVI interannual variability and climatic factors in the middle reaches of the Yangtze River

\ LEPE X3¢ ; AHXS 3 H A4
KA : St W7k = ;
. Correlation . Relative Sunshine
Level of correlation . Temperature Precipitation .
coefficient humidity Hours
WEMAHE
A . 0.04 0.10 1.90 0.32
Significant negative correlation **
¢
&E%J A% . o -0.606—0.482 0.25 0.57 4.66 2.28
Significant negative correlation
I 25 UMD
Z:Jk%‘J X . . -0.482—0 27.89 37.77 59.82 57.91
No significant negative correlation
Z:E%EE*E% . . 0—0.482 64.58 58.11 32.88 38.33
No significant positive correlation
2 S
ﬂﬁm*ﬂ% . . 0.482—0.606 5.39 2.82 0.65 0.95
Significant positive correlation *
BEILAAR 0.606—0.990 1.85 0.63 0.10 0.21

Significant positive correlation **

% R P<0.05; % FR P<0.01

4 Itig
1999—2015 4F KT Fh i b X NDVI S8R EFb# 3, x 5Mdea ™ e a ™ wwat™  KILi
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7 1999—2015 F KT X NDVI 5SEEF= EiEXES %
Fig.7 Spatial correlation of NDVI and climatic factors in the middle reaches of the Yangtze River from 1999 to 2015
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BT A T ) SR S, 2B 3BT RIS 8 4 RO R e 7 el o R

M NDVI B3k shtE sk F  NDVI B FE i sh X 5 7.00% , 78 D ih i 1 il 32 =48 8 2 09 IR A (K
Vo - BA T R T T - - B XU T - JLVETT - g -pg BT ), A 5 BEHOIR 43 A 78 45 T bty % i il
b BT BRI, PR B X5 41X 32.59% , AR TR R I Sl X A A il AN E A AR Bl XS5 B AR Bl X
di XU 59.32% AR, 5 NDVIERGE AR KR MEGERW) & . I NDVI AR b #R A ,
A EAT 2 1 DK IR A ST X —2 DAL X 5 AR VT 45 R — 30 RR vk Wt B X s
AP BFSEIX DU 52—  HBER M A AR 45 A TN, SR 20 A0 A DR PG 0 L i DX, 3R T MR SRR X Al Hp
PEF HAR A DI (0.79% ) W FEEELARBES A TE KD (1 B iU S ARl 7E A3 T B & i o T 4
NI S B R R IR T 2/ N A A

Nemani 451 Liu 25 A 7K A A 25 2 2 52 1 il b A ol 7 55 25 TR A Jy A IR Bl 212 AR SO
FEAFBRAE AL SR R WA 7T XA AR 1 B DR 3, o 5 A AR 45 ZE AR A5 Y R = 1 4 X
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Fig.8 Spatial correlation of NDVI and climatic factors in the middle reaches of the Yangtze River from 1999 to 2015
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