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Climate in Shandong Province Based on AVHRR and MODIS Data Sources
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Abstract; [ Objective | The relationship between vegetation cover changes and extreme climate in Shandong
Province was studied in order to provide a reference for regional vegetation ecological maintenance.
[ Methods | Based on the 19822021 long-term NDVI data set obtained from AVHRR-GIMMS NDVI
interpolation of MODIS NDVI, the temporal and spatial changes of NDVI in Shandong Province were
analyzed, and the daily data of 96 weather stations in the province were combined to study the response of
NDVI to extreme climate. [ Results] @O NDVI in Shandong Province and its subregions showed an overall
strong and sustained upward trend, with an average growth rate of 0.013/10 yr (»<C0.001) for the entire
province. NDVI was generally high in the west and low in the east, and high in the south and low in the
north. On the spatial scale, the vegetation cover was mainly improved and basically unchanged in strong

sustainability. @ On the whole, NDVI showed a significant positive correlation with annual and monthly
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extreme temperature and extreme precipitation indices; a significant negative correlation with the cold index;

and no significant correlation with GSL and DTR. Western Shandong Plain was mainly affected by extreme

temperature, and other subregions responded greatly to both extreme temperature and extreme precipitation.

@ The response of NDVI to extreme climate exhibited obvious hysteresis, and the hysteresis of extreme

temperature was stronger than that of extreme precipitation. [ Conclusion] The overall vegetation coverage in

Shandong Province was developing in the direction of continuous improvement. NDVI exhibited an obvious

response to extreme climate. Extreme high temperature and extreme precipitation promoted vegetation

growth, while extreme low temperature mainly inhibited vegetation growth. There was a lag in the response

of vegetation cover changes to extreme climates.

Keywords: NDVI; temporal and spatial variation; extreme climate; correlation; Shandong Province
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Fig.2 Spatial distribution of multi-year mean value, variation trend and sustainability of NDVI in Shandong Province during 1982—2021
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Fig.3 Correlation between NDVI and annual indicates of extreme temperature in Shandong Province during 1982—2020( p<<0.05)
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Fig.4 Correlation between NDVI and monthly indicates of extreme temperature in Shandong Province during 1982—2020( p<<0.05)
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Fig.5 Correlation between NDVI and annual indicates of extreme precipitation in Shandong Province during 1982—2020( p<<0.05)
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Fig.7 Correlation coefficients between NDVI and monthly indicates of extreme climate for

1—3 months time lags in Shandong Province and its subregions

5 W
5.1 NDVIRZZT

mHE S 4k |, 1982—2021 4E 11 &4 NDVI ik
2B ETHER B ARSI, SXUREE Y TS
P S T L AR 4 R B B A A B Y BIF 5T 45 R R AR
—H, MM 19982002 411 AR NDVI & F T [%, X
EH TN AREET T 4 a2 095F i ik
AR AT Y, 2003 AEFFAR , B K I S £ L 1 A4
Bl A 7 35 B0 4 KO R NDVIZE ik A .

25 (6] L IR A NDVI SR S 300 & R K/ &
AR A oA AR RN 1T X e . T X ik T XA
IV X3 v Ho 22 B 55/, B B A 253 ) S5 o ) e
PISRFF SR MR I s AL A N Sy 32, B PR IX
Al 7K BTS2 N B 5w, O B
B H 2RSS . &g i bR XA

B AR L Fr B DR B DA AR PR L DA RN RE |l A L R B
B rh, HOG S AR A Y 38 N BE T AE A . B
AR e . LT DR X G Y I R M X
DAVE Hb AR Ry =, Rk o A 25 iR T I b IR
IKGEVERG L L 22 AR AR L 5 KPR 5 XL R A
FREBE AR, U b XA A R 2
FEE IR AL, ATRE T 2000 4F LK Bg PO K 47 BE 2k b
FHUCAE T R A 0 A AR AR L BE KA ) B T K R R K A
Py HUAR 1] B2 S B0 R bl S R AR, A e
B T X IR SRS TR X E R T
T A 1R 1 R
5.2 NDVI X4 4R i S 4% B9 Al Sz

e it AU A5 B, B2 46 $ (SULs » TRy, » WSDIL
T e » TN, . TX, , TNy, » TXo0,) 5 NDVI LA i 35 1E 4
SR T U6 AR T A R B n 3o A B A K R
A R #EVE . T v 4R B AR TR Y 48 2L



5% 2 3

XI55 - 55T AVHRR F1 MODIS £ J5 1) 1L 2R 28 A8 45 8 15 I 2 A8 fh R JHC 0 A3 o A A 1) mig i 181

(T s TN, , TX, )5 NDVI DL ZIE A &4 £, £ AE
I H By 45 %% (FD, , ID, , CSDI, TNy, » TX0,) 5
NDVT Lt 25 40 56k 3 Ui W9 B o 16K 3 ARG 3L H 24
(18 184 T oA 0 X A 3R A 008 1) A K RO it R k2R K
HLA B A A

Wedm R K F6 %05 NDVI LR 3 1IEA 8 3 (HA
38T A ot R A B A R K 8 SRR S NDVI (1 A
O 50 559 3 U6 A R it A TR X A 1) 5 ) b AR 3 o 7K
B 53 Ah R R AR BT . A 84S NDVI
F18) R DG T AR T T A 50 AW ity A% A R T P X AT
5 e AR B KT R O O A A S R G B —
JE 1Y H F U T BE ) AR A s A R R AR TR R A
S 10 27 3] 1 5 T 858 R T AE IS ) — BB R S0 P A
) B2 1 7 1) I

Z3 (8] |, NDVI 5 8 sy i AH OC 1t 2 52 3 5 4
fi, M5B A ESEEZS ., KX,
NDVI 5 ID, #l TX,, M FAAHCHER . 5 T, TX, 1
IEARSE TR . BV R I OR AR AR 32 7= XL i
A T X e FEL AL A 1 A= A 40 1 4 FH LA B W iy v ek % G
AR R FH B 308 58 A A ko AR s A R ) 1
SR H#H 2 DTR 5 NDVI AE IV X Gk 56 P38 L 1 B
$& 5 DTR BEME AL T 56 A 1 T BEAR T MR H 38 fin v
AR R T 25 T RE S AR R A B i A K &
L A A AR R T VR TR L B R 25
6 5 b IX B AR T BE X T IR 22 78 Ak 4 3 R P A
2, T LA Vi i XA Bl AR AR Al B O AR

NDVT 55 1% 3 [ 7K 149 40 DGk B A B 5 09 25 (8] 7
JoT AU [R] e T] RUBE 1 4 K0 A A AL 4 A R AIE
NDVT 55 45 50 1E AH & 1 38 1) H X 35 2 R 7E |
DA EX, 5 b OF JT X 4 48 2 25 2 B o s 559 1) b
DX T R Ll B X 2 O H AR B, 52 N A
(R 5 M 358 /I A 26 K 32 B 32 R AR AR5 i), TR Ok 5
TR X 3 A A 52 W s B K S I s S B . 5 A
B0 TE AH G 1 43 A 5 5 55 1L R 48 1 7 Y R K 23 )
Ay A CRPR B 7R3 4 1) P8 b3 98D B W 6 Btk mT
FIB A FH T3 2 DX A K 1 T 2R K A i 1 44K
P o T LA AR e X Je 30 1) R ot A K 72 ke i o7 B 8
5.3 NDVI X} 1R 3% S & B9 3% 5 I 5z

W i IR [ B IS 1—3 A A A B A K R
S, A T X A ity S TR A A B A S Y 3
AT BB AR AR A X 4 R B DL A BIL T 43 i 1
5 M) 2 — A B[] B e AR R R B A R e RIR
) R — e JEIR

e it [ K X TRV B AN e 1—2 A Mg AR K B
A S P 52 0 B B 2 X AR s R KA R S S P

o R o RO B S T e R . R K R B
i B A AR AR W T A i A B i R
FH i LR 48 AR A 2 B S DU R AR B 2 e
GER € e N ST U L RIS N o NP R 5
DAL B X 0% S ek 7K 1 728 A ) Wi 7 6 A g <L S

6 %

(D) WRAE K& XY NDVI ¥ & 82 EJt
L AR K H AR 0.013/10 a(p<C0.001).,
H ETHE# AR keRrgethom . 25 E L NDVI Bk 2 3
VO AR R e U AR 23 A1 R A 2 AR NDVI &
PR IX (0.47) Fe - - A6 SR X (0.35) e fi . 25 1]
s b A8 A5 A XN B 75 DL SRR S T 1 3
FFEEA R N E

(2) Bk b NDVT 50 g I 92 15 550 A% i [ 7K
B 3 IE A O £, 5% 5L B 35 M 56
F, Hb g 50 5 GSL 1 DTR M 6PN 3% 5%
iy AR P AH G R A R K, 5 R B0 R G
PR R FARFR AL, 2SI L, & 43 X NDVT X 3 <
i g me B EL A B 22 S B P R X B PR b
B X R AR 1 o s X NDVT X 4% s A T 0 B i [
KA WY Sk g o 7 5 5 VP DX S A A i R T R
M) 717 Xof 8 i 838 7K P i 7 A B &

(3) Mo R ECR B S MR G 1—3 AW
NDVT & 2 3¢, i) o B K 8 20K B0 [ 3 R 5
1—2 A NDVI 5 2 40 5¢ . $i B NDVT X 4% i < i
I K ) g 7 357 EL A 1Y ) O e LR A i AR
T e L R A8 Sty R K 1R I R R

[ 2 % x # ]

[1] Lamchin M, Park T, Lee J Y, et al. Monitoring of veg-
etation dynamics in the Mongolia using MODIS NDVIs
and their relationship to rainfall by natural zone []].
Journal of the Indian Society of Remote Sensing, 2015,
43(2) :325-337.

[2] Jin Kai, Wang Fei, Li Pengfei. Responses of vegetation
cover to environmental change in large cities of China
[J]. Sustainability, 2018,10(1):270.

[3] TR, {76 55.1982—2014 4F v [ iy 15 Hb X JH — LA
B8 BCOND VD A8 Ak B FEX A% i A% (% w1z [ ], b 38 1F
%%,2019,38(4) :807-821.

(4] W IhR . Ik 2258 55 PR VG 4 A a3 i 1 2 A8 Ak S HC )
AR i A B e oy [T ). A= A5 42 4k, 2022, 42(3) :1022-1033.

(5] &dl, £ %, kS, 4.1982 2015 4F v [6 = o 2% L FI
NZETE S g NDVI 22 ALY 2w L) ] 4 B 22 4, 2020,
75(5):961-974.



182

K - PR 4R

%43

[6]

[7]

(8]

(9]

[10]

(11]

(12]

(13]

[14]

[15]

[16]

[17]

Zhong Lei, Ma Yaoming, Salama M, et al. Assessment
of vegetation dynamics and their response to variations in
precipitation and temperature in the Tibetan Plateau [J].
Climatic Change. 2010,103(3) :519-535.
Jiang Dejuan, Zhang Hua, Zhang Yong, et al. Interan-
nual variability and correlation of vegetation cover and
precipitation in Eastern China [ J]. Theoretical and Ap-
plied Climatology. 2014,118(1):93-105.
Li Chunlan, Wang Jun, Hu Richa, et al. Relationship
between vegetation change and extreme climate indices
on the Inner Mongolia Plateau, China, from 1982 to
2013 [J]. Ecological Indicators, 2018,89:101-109.
Islam A R M T, Islam H T, Shahid S, et al. Spatiotem-
poral nexus between vegetation change and extreme cli-
matic indices and their possible causes of change [J].
Journal of Environmental Management, 2021, 289.
112505.
Luo Min, Sa Chula, Meng Fanhao, et al. Assessing
extreme climatic changes on a monthly scale and their
implications for vegetation in Central Asia []J]. Journal
of Cleaner Production, 2020,271:122396.
Zhang Xuebin, Yang Feng. RClimDex (1.0) user man-
ual [M]. Canada: Climate Research Branch Environ-
ment, 2004.
Piao Shilong, Wang Xuhui, Ciais P, et al. Changes in
satellite-derived vegetation growth trend in temperate and
boreal Eurasia from 1982 to 2006 [J]. Global Change
Biology. 2011,17(10) :3228-3239.
THE =AM TR B 4 A, 550 20 AF Sk b R 8 B 7E
WS ] A R (C 4 AR A B4, 2008, 33 (6) 554+
565,578-579.
Hay G, Niernann K, Goodenough D. Spatial thresh-
olds, image-objects, and upscaling: A multiscale eval-
uation [ J]. Remote Sensing of Environment, 1997, 62
(1):1-19.
ZERURL A HE L X JE e 19602013 4F 2 Wi Y 7
FU AR ity B 7K I 25 A8 A R E K HG B2 ) PR 3R (T o R 2
HEJRE,2015,34(3) :354-363.
ZEH L E IS A AR L, 5519512010 4F Pkl it Bk
CRFER BN 2 FEAE LT ] vk I R 42, 2013, 35
(5):1259-1266.
FRA B R KA T O K Bt A AT
AVHRR NDVI & MODIS NDVT #4 7 & 4 [1].&

[18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

YL IR 5 8% . 2018,27(5) . 1143-1151.
W2 FMRE e L B2 B . 45, 20002020 4F B T 3 38 4 Bk
A 75 5w A8 A K JHG X AR s AR T e R (). AR AN R
2022,42(11) :1-12.
B E WA E R AF HE S A VLA S NDVI R %8
PR A T FC 5 K R v R 06 AR ) B AL 4%, 2014, 36
(3):603-611.
W O M A 5 1 LML AL e B R L 2011
Van Gelder P H, Mai C V, Wang W, et al. Data manage-
ment of extreme marine and coastal hydro-meteorological
events [ ]J]. Journal of Hydraulic Research, 2008, 46
(S2):191-210.
X SR BR OGN  EAL AF L Ll 7R A8 A B 9 B K R T 8l
AW 5 43 A LT 0. 1l AR Rl R 2 2 e AR B2 10
2021,52(4) :585-594.
ORIV IR L 519982018 AT Ll A R w
58278 A B K S R FL AR 5 LT ], v B A A K R K L
2021(10) :8-14,20.
TR R A A IR AR L SR.2002 SR AR U T R4
BrLJJ.7K3C,2004(3) :42-45.
BEER, 8 AL, A AR 19612011 4F 1L AR 4% %5 IR
Ay S AR AR AR LT ], 3t R 2 35 B . 2013, 32
(3):425-434.
BT RO AR AR AR = A IR AR TR S A
7RI A AR AR ] A A4 4R35, 2019,38(4) :1113-1122.
TR HEAS ) B AF JE T MODIS 147 DY 3 41 4
4 1 228 Al 1 P 25 R AR AIF S L) ARl B U A B, 2017 (1)
144-152.
TR RERXEAR, % 5T MODIS (9 11 4= 4 4
W R AR e HR A [T ] AR AR R
2015,24(11):1799-1807.
KR KA, K. 20012017 4F 5T 8 NDVI 4%
A T CHE o A 3 A A% 9 g o [T ] 7K 4 4R 58 4 2020, 40
(5):250-256,275,341.
SR EBROR 22 X8 B0t 7 A O G Ak K Bt A Ak i I Y
FWD]ICR At o AU B TR R, 2014,
AR, F W, 55 0T B T EOF RUNBE G A 19 1 AR 4
AEREAK BT 28 AL RRAE [T ] K AR FEDF 5T 2022, 29(2)
179-183.
Cui Linli, Shi Jun. Temporal and spatial response of
vegetation NDVI to temperature and precipitation in
Eastern China [J]. Journal of Geographical Sciences,
2010,20(2):163-176.



