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Figure 1 Distribution of meteorological stations in Liaoning
province
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Figure 2 Monthly average NDVI (A) and interannual NDVI
(B) trend changes in vegetation growing season
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Figure 3 Trend change of climatic factors

(A) Monthly average temperature in growing season; (B) Mon-
thly average precipitation in growing season; (C) Monthly ave-
rage sunshine hours in growing season
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X I AR o5 H 2750 °899.23% . 96.02%F199.68%
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[H#153.38%). 9, HFuiBHLX A3 LA AH G 8 R
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JE R MURH AR DL AR b X B R DG 00 R 3 - Ak, M
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Table 1 The correlation coefficient grade of temperature and NDVI and its area proportion

The correlation coefficient grade

Month 8 %)  —0.68- 050 (%) 050050 (%)  050068()  S068(%) <006 0%
5 0.03 059 83.93 14.93 052 5204 47.96
6 0.15 8.83 91.01 0.00 0.00 9923 077
7 10.65 11.12 78.23 0.00 0.00 9%6.02 398
8 6.00 47.38 46.62 0.00 0.00 9968 032
9 0.00 2.10 97.90 0.00 0.00 69.06  30.94
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Figure 4 Spatial distribution of correlation between temperature and NDVI
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Figure 5 Spatial distribution of correlation between precipitation and NDVI
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R2  FBOKESEPNDVIFIAES RE FATHR 5 L

Table 2 The correlation coefficient grade of precipitation and NDVI and its area proportion

Month The correlation coefficient grade
<-0.68 (%) —0.68——0.50 (%) —0.50-0.50 (%) 0.50-0.68 (%) >0.68 (%) <0 (%) >0 (%)
5 1.29 9.47 87.70 1.54 0.00 37.08 62.92
6 0.00 0.57 99.42 0.00 0.00 72.72 27.28
7 0.00 0.80 92.92 6.12 0.15 31.15 68.85
8 0.00 0.00 99.52 0.48 0.00 34.24 65.76
9 0.00 0.00 84.54 13.99 1.47 1.83 98.17

FILTART R TR, PR A T TR
&, MoK 2D EBEMBHIE KR, R
U KBBR8 6 7600 mm,
W2 A KRR KBRS, A I
AR K B

3.2.3 HE#HNDVISAEHARBMHETUHEXHNT
IR

LA M A K 2R H B E0S HE A ND VI AE DG 2
E AR E6HT R, 5 HFH <R KR,
ANA K Z H R $ 5 R B ND VI AR 5% 1 AR X #5059,
2R X N k> . MRIFTLLEH, 5HE
335 EAF G I X ST AR A K, RN 48 3T AR Y
3.37%. fHJE, 1EAAHICME IR 25 8] o0 A 22 57 bl s 3 —
5H. 6H. 8HUIEMKX KR NEBH R IEMKMX
WG R OR), 9H B 5OM G B Xk [l ok . Hor,
57 H S IEAH G X 38 2 AR 7E AR R L X, 8 3 U
FRUG ) AR AL X AE A, 9 H B 1 9 BH P8 AL DL AL
Hu X S IEARSC AN, HoAx M X 4 5O [F)FR B 1 47 A 5%
JeEHh X 22 5 . 3% (P<0.05).
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AR BRI T PR 50 gk DR o A A K ) s )
BAECGEYE, SMURMER 2 — 5 e g R 7 #)5
TFok. S MER FAER M A K T P EARIR IS
NDVIFAH A S Tk RN X AFE 2 5 . SR G i
SO A SRR BRKEA H BRI 3 3 BRI
T 51 A K ZENDVIHE P 1 3E H 25 18] 73 A1 15 L,
A F R o B — A PR AR A T B 0 2R OK ),
FoR R R BN AR > K> H BRI 2, 5 4 R 45
(2009) %+ H [ K it 2 350 b DX P MR8 P T 9 45 TR — 3
S5H, WTHEMHAKZE. FKM KB $

=H N5 R AR 2 () o A EAT B X ) o I % L
H 5 HEAPNDVIIE G S NE 1 22 18] 0 A, RBUR it
DX PR AR AN F R KO B RE m [A 1, 7G d X
7K B 3 AR R 1o 3R 2R St X B
KAXEE, ZEIRWLEESKEBENIRL, 4
AURBIR R, H R SO 2, B AT IA S
AR B Pt B B AR AT o 5 2 AHX AR 0 8 3 X R 7K
D, B H R RO TR B R e, K
IS ] P 2R T RO E Aol 12 0 X P A 2E A B X — H
NI, BKRDINZFEFTARKER, HiRE SR
SEAFIB PR AR IR AR, 7K 26 AR I B
DNZ XA AR 7 11 3 R A R 2

6-8 /7, 4 IE H WA A K 32 AR ]
TONREKEAMH RN %, Ham 2R EARE, <R
X 30— I B R A 2 A U 2 AR B O B S AR T A
e 9F, MK 3250 A 5 8 S AN H B
H, WREH TR BEBAA TR, #ULE K
& BT AR EAZIN I AR K H RN SO BRI, %
A FBEPERITIR 2R L R

3.3 1EHNDVIFTSIRE T3 M RN BB A

Nt — 25 WF 78 4 NDV I A TR 7 10 7 D i s 2
43 B3NS A R T AR B ND VIR B2 (1) 3 5 Z 40
BARTT 3y B g A K A HE R 8 H A, )
I~ 25 R4 ET A 5 RTHEL-34 H BFINDVIS <
15 PR 7~ B AH D% 2R 8, 3 B e K AF R 2 P i HE IS R) 4 9
AFS. A3 I 1, R s B s A R s T e (i v 49 BT
A AR, S5 R AET7HTR

M JE B R R, SUR(BITA) FKE(E
7B) 1 [ HE I 2 (B 7 C) X A 5 ND VIS~ 237 J5 38 40
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KX IR MR B B, UG Pk E, Tt H g
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Figure 6 Spatial distribution of correlation between sunshine hours and NDVI
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3  HIERHCSEANDVIALE RE0 A 5 H

Table 3 The correlation coefficient grade of sunshine hours and NDVI and its area proportion

Month The correlation coefficient grade
<-0.68 (%) —0.68——0.50 (%) —0.50-0.50 (%) 0.50-0.68 (%)  >0.68 (%) <0 (%) >0 (%)
5 0.00 0.12 96.51 3.04 0.33 39.51 60.49
6 0.00 0.00 99.99 0.01 0.00 27.95 72.05
7 0.05 1.17 97.90 0.88 0.00 60.99 39.01
8 0.00 0.01 99.67 0.32 0.00 21.30 78.70
9 0.00 0.85 99.15 0.00 0.00 73.82 26.18

=0.8-1.5
m1.5-3

B7 i NDVIX S DR 10 S i 0 2 18] 4 A
(A) Si; (B) F/KE; (C) HIRE%

Figure 7 The spatial distribution of lag time for NDVI response to climatic factors

(A) Temperature; (B) Precipitation; (C) Sunshine hours

IS AR 10 ) S AF S 208 o SR DR T B ol TR K
R SL R A A B AR, (DGR AR A0 R 4
AR B g I R R AR, IF LR AS [F Ao
BRI oM 22 B0 o W 7E X N 2 H IR A B R P
i YR BN 14-17/0i, e EgoRE R B H R
L8/ o T I WS R 3 AR, FEARE R
X AT T A i S8 ) 3 i I TR] A B 1 7 R R
WIE, S AR, B K I SR BI AR AL B e i 1)
K, VU R A A I TRV, i R AN R AR A SR A AN [
AU T A I SR 22 S, AT 3 B I 4 1]
A EIES . WEREZER SR AELE, £
X LA A A R R P 2R A 1) TG T 3 I ST AE K R [
FARFARRAN DR, B A B X A e A A R T ) AR R T 3%
By HI P [ ACE R, SRR PIE AN, H IR 2
XHHERE K AR AL R A R AR g, XA 2=
FAN .

3.4 itig
(1) AFFRET G0 5GIST a4 5 HHR T

TR M BN SRS FE SRR B R o TE AT %
AR 0 R AR A B SRS A I, 25 A AR A S B AR
KAB O, HLEE 0 3 i S DR - R 25 G i i 5 o
SERTFIEFER. BT T AR SRR S, A
WRERSHEMX AR RERFE—EER. B
m, TR A KRR A AT-8H, IR =
TLIEH X NDV I RS H LI ] (ZE R R 55, 2011), &
LT BB AR It 5 B 7 b K AR SR A B ) 22
5, 0 SEE A B IR R

(2) I TE WA KT 1 XA K
B . BT R, BT B R A K
Z 2 E P 307 N 20.92°C, 6-8 H R iR 1y it
20°C (43 %15921.69°C. 24.09°C#123.31°C), 5/ 59
HIBMET20°C. MR £V (2012) AT L 45 R, &
TR R A K BOE IR FE N IE18-20°C 2 [A], WU IR
EAEKFEZEPEKCET, Ol THEEAE KRS
WAL, HAE6-8H B AT, MR iz X A KFS
TR B A K DA BRI T o . Ak, MBS
(2014) I FE R BH, 3 748 AR b [X 3 A g SR
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N5 B R E R, (H 32 B 29 R 5 R SR AR
SO, N sl HULE R 3 X 4 7= A A KA (B

A IR TR AR T RS i .

(4) AWIALGREY], LTEMPESRA 17—
MIScE, — 055 iz R AR M TR A KA
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Correlation Analysis of Normalized Difference Vegetation Index
(NDVI) and Climatic Factors in the Vegetative Growing Season in
Liaoning Province

Yonggiang Cao’, Liangliang Zhang, Liting Yuan

School of Urban Planning and Environmental Science, Liaoning Normal University, Dalian 116029, China

Abstract Daily data were obtained from 37 meteorological stations in Liaoning province and 5 meteorological stations in
an adjacent area, combined with MODIS NDVI data, during 2000—-2010. Vegetation growth response to climate change
was analyzed by trend, correlation and spatial analyses to investigate the leading influence of different climate factors on
vegetation growth. During the study period, the vegetation of Liaoning province was the most vigorous in July and August.
NDVI was significantly increased in the vegetative season and remained between 0.73 and 0.74 after 2007. NDVI and
temperature were negatively correlated, especially from June to August; NDVI and precipitation and sunshine hours
mainly showed a positive correlation. Vegetation growth was most sensitive to changes of temperature, and the response
to sunshine hours was the slowest. The main influencing climatic factors were temperature and sunshine hours in May in
the eastern part of Liaoning province but changed to precipitation in the western region. During June to August, the main
climatic factors were precipitation and sunshine hours but in September, changed to temperature and sunshine hours.
The lag time of temperature and sunshine hours to vegetation was extended from the northeast to southwest Liaoning
province, and that for precipitation was opposite.

Key words NDVI, climatic factors, response analysis, lag period

Cao YQ, Zhang LL, Yuan LT (2018). Correlation analysis of normalized difference vegetation index (NDVI) and climatic
factors in the vegetative growing season in Liaoning province. Chin Bull Bot 53, 82-93.
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