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Abstract The heterogeneous responses of cropland Normalized Difference Vegetation Index (NDVI) to temperature and
precipitation were analyzed using Advanced Very High Resolution Radiometer (AVHRR) NDVI time series and station-
observed climate data from 1981 to 2008 during 12 phenophases including eight for winter wheat and four for summer
maize over the North China Plain. The results showed that the lagged response of NDVI to precipitation was more
noticeable than that to temperature and that NDVI was more sensitive to the precipitation (temperature) during the last and
previous two phases (current and last phases). Additionally, the response varied among crop species and phenophases. The
correlation coefficients between NDVI and precipitation were positive at most sites in the mid-late growing season
(medium growing season) of winter wheat (summer maize). NDVI was also positively correlated to temperature at the
significance level of 0.05 in the early-mid growing season of winter wheat. Furthermore, NDVI was strongly related to

temperature (precipitation) during germination and turning-green (turning-green) phases. Therefore, germination and
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turning-green were the phases during which crop growing was largely influenced by climatic factors in the region.

Keywords Normalized difference vegetation index (NDVI), Temperature, Precipitation, Phenophase, North China Plain
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#%7  (Habib et al., 2008). ITEkK, Hib5< MM
A LR 1A AR AR A T 2 A R AR AT T 48
Z — o JH— 1 HE # $5 2L (Normalized difference
vegetation index, NDVI) 1F A 3RAEHh SR AH 95 74 o5 A
ARG S IR e AR AL AR R i . R0y
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DK SR e F8 o0 UM R~ R AR A Bk AT
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2003),
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Fig. 1 Land cover and locations of weather stations within the study area
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Table 1 Introduction of weather stations used in the study

AR H 3 44 B R IE i 6 BIE G4 #Hf/m
& 37°0438.51"N  114°44'11.51"E 77.3
8% 39°0722.42"N  116°33'35.42"E 9.0
R 39°32'12.86"N  118°50'49.47"E 10.5
e 38°47'44.08'N  115°51'47.09"E 172
15eBH 38°06'29.43"N  115°39'30.20"E 19.0
Bk 38°14'07.07"N  117°21'16.26"E 6.6
e 37°2330.92'N  115°35'41.16"E 27.4
2P 35°59'37.83"N  114°34'28.88"E 62.9
Ve 34°02'48.91"N  114°02'16.53"E 66.8
Trdt 34°38723.55"N  114°21'18.48"E 73.7
(Ui 33°44'30.09'N  114°22'46.93"E 526
TRl 32°5120.91"N  114°08'39.70"E 82.7
L 36°22'0529"N  115°37'14.12"E 37.8
b 36°39'49.44"N  118°45'16.31"E 222
M 35°38'34.43"N  116°39'20.29"E 51.7
B 35°4146.67'N  118°51'11.06"E 107.4
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BRI, A e A R B FRs R 10 H 31
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[ RE (32 2), LB WNZRI5 b E AR ML AL
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moa.gov.cn/ [2012-11-25]).
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Fig.2 Intra-annual variation of half-month normalized difference vegetation index (NDVI) of multi-year
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*2 PREEKAXEHNS
Table 2 Definition of phenophases of study area

Hif 1] H 75 ARREW
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10H16H%E 12 H15H 289~349 KN
12 16 H&EXE2 A 15 H 350 KA 46 KN IR A
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54 1~30 M 121~151 KINFERESR
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Fig.3 Time series of averaged NDVI of 16 stations during 12 phenophases
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Fig. 4 Variations of averaged NDVI of 16 stations with (a) precipitation and (b) temperature during 12 phenophases
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Fig. 5 The maximum correlation coefficients between NDVI and (a) precipitation and (b) temperature in different phenophases
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7K VAT, BR/KEEE HAEE B . MR AR I S Vi
¥, ARERIAHLIAB 14, 7R LKA AT,
VEW) I8 AR ZR WAL - 18 7K 23 AT A2 B 5 77K
DT A A 380T [ 7K P o) 27 S5 50 B8 Dk k2 (0
Fr AN 28, 1991).,

A BRI 45 SRAB A g NDVI X B 7K i [ f e
AR R A W . R AE (2013) TSN HE
XA T BT PR ]8T 30 5 6 [ K R v S
N5 N P S e - o e N B A R
iito Cuiand Shi (2010) TAHH E ZFAHHE NDVI &
A b o it 2 AR A R e WK T06) B K AR AL R e 2, A
T U A A ) B K S J 10 d 2 A, Bk AR
IR B KA W ¥ e 30 d 247 Wang et al. (2003)
X AL T Jit NDVI R PR 5 i[9 PRI 5 R IR
A& FH NDVI G K I S i 5 28 d Ze A, Rhil FE
Wi i 5 2 14 d.

32 REAREEKABHERERNSIERFR

B 9% a2

M 3 ATLAE H, #5355 NDVI 5 R /KRR
FEFRIAR DG R B0 KA S L b i AR K R B 1, RIE
WA R HERR AN ) LA KA 90 R 28 ) AN T i A1
Prrese: &/NEREREI G5 JifE. #E5,
BARA K] (R, NDVI X K i 3 45 A i
&, K2 ARG, MOCRHRZAE 04~
0.5 21, frikE] 0.698; A /NEAK L EHI
CHTE R K2 Hoh mi 55 R 3 A G
PR ARG, MOCRBKZAE 0.5~0.7 1],
B IAE] 0.734, £ 3 NI SRR HE R AT R
TR EMRZ BN IRS+r 22, BiknTgefeE
IR R aNGSE- A L PN - ES I NE 2 G
TN TR AAAE 25 57

BRI R oK o, R &N
FEFh. HER AR A Ky, TR AR B, T
FERAR, RHEY) ALK B sk, R AN
AT B B R IR T, N
IR R T B TR A K M BEE N AR B AR KB B, Bk
RO TR KRG, 2803 in, B4
IKEEFITF KRN, B E W B 7K e 3 UK
HERAAEKREER S, FoKERRIERN, 1
S IR T IR, I B TR TR S N HL
FERRI TR R BB /N, FEK R Bt LA, i i g
Ja SEANLEE B S BORK SR TR R, UGk
PR AR (PR R, 2008, BRIEAE, 2012). &

KAEKKEW FRIGE S 8~10 °C, FRRIEGEN
40 °C DL b GBFFEFIF9E, 19915 SRV,
2001), RUEAEIEP B R A5 0 T oK 42k
BWRIE R, AT B T AT i 52 1 B AN

&3 {EY NDVI X Bk FE FE Ay i i 45 4iE
Table 3 Responses of crop NDVI to precipitation and

temperature

X B FR R BE PR 1
LK AEmETRE  WiEE LIRS TR WEE
B ARERKERT KRR B ERKERT KK

i KEH M WA RER%C W A%

its) 0407  K/NFEMEE 3 0.734%% KNERT 2
Ji s 0421% LML 2 0.591%% A NEML 1
e 0431%  KNFERN 1 0.661%% KNFEHE 0
R 0391% K NEME 2 0.512%% AUNERT 1
e 0.600%* K NEHAT 1 0.557%% KUNEPTT 1
Lt 0.698** N 2 0587+ A NEML 1
B —0.399%  AUNEHIK 1 0.596%* AUNERT 1
£ 0459%  ZUNEMEN 3 —0.506%* ZUNFEHEK 2
FE 0481%  EIKHT 1 0.648%% AZUNEWEE 0
I 0.515%% FAKKY 1 0475% ANEML 1
itE —0486%  BLIKSERY 0 0.643%% ZUNEHN 0
BELE 0458% AN 2 —0476* ANE#ER 3
#4 0.438% K NEHEL 2 0.670%% AUNEPTT 1
HEY; 0369 &N EHKY 2 0.603%% ANERYT 0
M 0.456%  KNFEWAT 1 0.623%% AUNERT 1

1 1

HE 0.474* K TR 0.567** A/ A
XM E) 0.05 /KPR, UM EIES] 0.01 KF B3,

HeAh, BATKRIM LA /N £k, H
NDVI 7ECGR IO TS A% R 7 1 i WS4 AN URR . 1%
AIReR HTEYE KA m R, Wide MR E
Ja R R E R G WO, BT R
W W RFPRL R R R S R PRI R S R b
FHERF AN R 2k, RBUNIGE R K
4454k, NDVI {Hh, RIS S EN 7 X R
HAEY), 2R NZEKWAERKEE R E .
3.3 R HEHE S SR E e b B9 S HR

TR I T £l R R T, IR 2 Bk 2
ANEKRE I NDVI G [R]— s 3500 PR W 458 A
T, Hop &N A NDVI S H
FEma N A/ NIRRT RO NDVI AR
R R N A5 AN RN Rl ESR I
NDVI AR 75 JA R 7K i Sk 3 8 (R 4D,

M AERKR B WA R, BRI
BB, R e A OB TR B R BRI, s
KN B, BRGNS, W R, KA R
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Table 4 Correlation coefficients between winter wheat NDVI and climatic factors during sensitive phases
MR FREL
HENDVI 5 % NDVI 5 IRT NDVI 5 K NDVIE 7T NDVI 5 i NDVI 5 #ES NDVI 5

i R L v HH R IR AT RFFREIK T FEIK R FFREK
bligsy 0.500%* 0.475% 0.597** 0.734%* 0.350 0.333 0.407*
Y 0.420%* 0.591%** 0.302 0.520%* 0.243 0.421%* 0.395%
SR 0.661** 0.630%* 0.607** 0.462* 0.431* 0.380 0.267
frsE 0.355 0.300 0.377 0.512%* 0.279 0.356 0.271
T 0.427* 0.503%* 0.345 0.557%* 0.609%** 0.524%* 0.489%*
e 0.527%* 0.587** 0.395% 0.439%* 0.588** 0.698** 0.636%*
o=t 0.468%* 0.445% 0.561%* 0.596%* 0.288 0.234 0.148
2 0.323 0.304 0.177 0.205 0.399* 0.431%* 0.459%*
AR=1 0.648%* 0.588%** 0.247 0.331 0.430* 0.411* 0.408%*
i) 0.124 0.475% 0.310 0.447* 0.040 0.141 0.053
[ 0.540%* 0.527%* 0.583%* 0.603** 0.133 0.077 0.208
BEE 0.312 0.337 0.224 0.229 0.222 0.367 0.426*
FH 0.223 0.335 0.437* 0.670%* 0.384 0.438%* 0.288
Y 0.470%* 0.404* 0.603** 0.306 0.060 —0.001 0.232
ZM 0.125 0.397* 0.364 0.623%* 0.456* 0.370 0.245
B 0.126 0.567** 0.284 0.180 0.063 —0.006 —0.091

R IGIK F) 0.05 K83, UM HIEF] 0.01 KT B3,

Ko, T LR 18 °C B
FEK, RGN AR PR K, W
Mo IRTF AN, A/NERh 2 IR I BT S AR B
AN, RN R, B N TR AE 0~7 °C
MI4E R gl —d fE BT EAFEMZ, 1991),
DRI I B A 22 T T R) A /N2 AR KO B 2 222 21l
el NERE TG, TR TR EY AR
KR 5 280, Hh e B BORIR B B B P il 2
SR TR G — AN E KR R EI KA. K
WHIE, ARICP RO ST 15 °C, ZE—H
SRR TR, AN AE AR R AR

ANF TR (P N, A/ INF2 0] B 7K IR U
FEMIAEIRE Z 5. &/NZAEHRTaT T 725 1
FE B ZERUE T LR, FEBRAC TRl 4N

AN A, IR AT P, iz s b
LI, BB AN AR N A, T 2 L

TR 0, ARHZEECRAR/D, IR A/N AT
Wit K AN, R KA 2= b e i
SRR AL . IR A, A/NEMEFRERED
BEANEIAAA, RAAEACHR, T AR R AR K,
TR AN AR S BT, N
FERRFERK AN KRR, BEER B B, &N
AR TR UL B AE, M 1K 2 e (Fefe
WA, 1994; (R E 25, 2004; FRifAE, 2012),
PRI AC /N 22 58 T R IR K 2 i N U . T

X B W PR SR 20 i, AN ZEBRCTT L il
SR i S0 #8573 75 0 (R B AR DI AT O o

PRI, A&/ PRI E I 7 UL B AR 7
IR K 5AFI ) NDVI SR % D), i WIRR
91 R WIE 9 XA FEARLAE AR BT Uk AL 1 W) 2 )
W1, B BUE A AR B o B . X
Se R B B A A e AR A A
RIS IEAT R BE— PRI

4 g

AL AR AL IR AR AN R 2B KR B
TR R HON S PR (1) S e 1, A3 3 AR
éjn:i«/b\:

(1) P& A T NDVI 5% ma i o v om0 5
SEM (R 5P . NDVIXRT 1y 1 24 1/ 3 MEKK
BB 7K S P ) S 55 ) R A 3, L g oA
JERIEHT 1 AT 2 AMEKKRE B NDVI R &
I3 5 R PR B S U R BEAFN i 1 AN I

(2) et N b, NDVI 5 Rk R B 5
FAME R AE K R B, PHEAERK RS
WEREBANTR] LR AE IR R AN R T A Pl 22 5 28/
FREFEW, HRKAEKFW, NDVI XK
MR, K2 B RO KN KR
B R 2 Hoh s 5l B W A AR
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ARIFFEIR AR AR i 506 Ak DR 7 (9 RO

SZ 3k (References)

Albani M, Medvigy D, Hurtt D C, et al. 2006. The contributions of land-use
change, CO, fertilization, and climate variability to the Eastern US
carbon sink [J]. Global Change Biology, 12 (12): 2370-2390.

Boelman N T, Stieglitz M, Griffin K L, et al. 2005. Inter-annual variability
of NDVT in response to long-term warming and fertilization in wet sedge
and tussock tundra [J]. Ecosystem Ecology, 143 (3): 588-597.

Bicheron P, Defourny P, Brockmann C, et al. 2010. GLOBCOVER 2009
Products description and validation report [R]. European Space Agency.
Braswell B H, Schimel D S, Linder E, et al. 1997. The response of global
terrestrial ecosystems to interannual temperature variability [J]. Science,

278 (5339): 870-872.

RIS, BRBHAT, FR4ERT, 4. 2012, 3T 50a HEALF R AN — H FOKHFEK
WEERTIY [J]. BRI ZER, 27 (7): 1186-1199. Chen Bo, Ouyang
Zhu, Cheng Weixin, et al. 2012. Water consumption for winter wheat and
summer maize in the North China Plain in recent 50 years [J]. Journal of
Natural Resources (in Chinese), 27 (7): 1186—1199.

Wik, wpcH, FHEZR. 1998, RS BT M. dbat: BHaEH
i 4k, 397pp. Chen Shupeng, Tong Qingxi, Guo Huadong. 1998.
Research on Mechanism of Remote Sensing Information [M] (in
Chinese). Beijing: Science Press, 397pp.

T, RS, WA, S5 1994, R MRS EWROKEVIG (M)
dbat: A% HiliAt, 145pp. Cheng Weixin, Zhao Jiayi, Hu Chaobing, et
al. 1994. Research on Evapotranspiration and Crop Water Consumption
[M] (in Chinese). Beijing: China Meteorological Press, 145pp.

Cui L L, Shi J. 2010. Temporal and spatial response of vegetation NDVI to
temperature and precipitation in eastern China [J]. Journal of
Geographical Sciences, 20 (2): 163-176.

I, IR 1991, RS G AR [M]. duat: G RRAL, 447pp.
Feng Xiuzao, Tao Bingyan. 1991. Agrometeorology [M] (in Chinese).
Beijing: China Meteorological Press, 447pp.

FOHE, RFEH, T, %% 2008, 3 22 ERPGICAFIMHH; NDVI
U SGURETFIRFR [ MR, 32 (2): 319-327. Guo Ni,
Zhu Yanjun, Wang Jiemin, et al. 2008. The relationship between NDVI
and climate elements for 22 years in different vegetation areas of
northwest China [J]. Journal of Plant Ecology (in Chinese), 32 (2):
319-327.

FRARSF, SREUH, EBF, A 2006, T ZREIIK 3 W e KRR AR AR
KIssm [J]. TSR ARNEFS, 24 (2): 125-129. Guo Xiangping,
Zhang Liejun, Wang Qin, et al. 2006. Effects of water stress on
photosynthetic and physiological characteristics of rice in jointing-
booting phase [J]. Agricultural Research in the Arid Areas (in Chinese),
24 (2): 125-129.

Gao Z Q, Dennis O. 2001. The temporal and spatial relationship between

NDVI and climatological parameters in Colorado [J]. Journal of

Geographical Sciences, 11 (4): 411-419.

Habib A S, Chen X L, Gong J Y. 2008. Analysis of Sudan vegetation
dynamics using NOAA-AVHRR NDVI data from 1982-1993 [J]. Asian
Journal of Earth Sciences, 1 (1): 1-15.

fedems, Rk, FAE, S 2013, 3k T TUREKARIE NDVI X RAL
A T R (O], RS FR BT, 18 (3): 353-364. Hou
Meiting, Zhao Haiyan, Wang Zheng, et al. 2013. Vegetation responses to
climate change by using the satellite-derived normalized difference
vegetation index: A review [J]. Climatic and Environmental Research (in
Chinese), 18 (3): 353-364.

Ichii K, Kawabat A, Yamaguchi Y. 2002. Global correlation analysis for
NDVI and climatic variables and NDVI trends: 1982-1990 [J]. Int J
Remote Sens, 23 (18): 3873-3878.

Ji L, Peters A J. 2003. Assessing vegetation response to drought in the
northern Great Plains using vegetation and drought indices [J]. Remote
Sens Environ, 87 (1): 85-98.

Jia G S, Epstein H, Walker D A. 2006. Spatial heterogeneity of tundra
vegetation response to recent temperature changes [J]. Global Change
Biology, 12 (1): 42-55.

KW, BRERAT, 502257, 45, 2012, BBtk 5 R KRNt Akt
=R (7. B4 E, 31 (11): 2797-2803. Liu Liping,
Ouyang Zhu, Wu Lanfang, et al. 2012. Effects of phased drought and
re-watering on the photosynthetic characteristics and grain yield of winter
wheat [J]. Chinese Journal of Ecology(in Chinese), 31 (11): 2797-2803.

W, R, PR, %% 20100 SRR EIRANE T AN 2K
T [J]. ShERRL2AHERE, 29 (4): 427-432. Liu Ming, Wu Jianjun, Lii
Aifeng, et al. 2010. The water stress of winter wheat in Huang-Huai-Hai
Plain of China under rain-fed condition [J]. Progress in Geography (in
Chinese), 29 (4): 427-432.

Lu W, Jia G J. 2013. Fluctuation of farming-pastoral ecotone in association
with changing East Asia monsoon climate [J]. Climate Change, 119 (3-4):
747-760.

Mao D H, Wang Z M, Liu D W, et al. 2012. Responses of forest NDVI in
Northeast China to precipitation change [C]. International Conference on
WTCS 2009: 849-856.

Nemani R R, Keeling C D, Hashimoto H, et al. 2003. Climate-driven
increases in global terrestrial net primary production from 1982 to 1999
[1]. Science, 300 (5625): 1560-1563.

Pefiuelas J, Filella L. 2001. Responses to a warming world [J]. Science, 294
(5543): 793-795.

Piao S L, Fang J Y, Zhou L M, et al. 2003. Interannual variations of monthly
and seasonal normalized difference vegetation index (NDVI) in China from
1982 to 1999 [J]. J Geophys Res., 108 (D14), doi:10.1029/2002JD002848.

Piao S L, Mohammat A, Fang J Y, et al. 2006. NDVI-based increase in
growth of temperate grasslands and its responses to climate changes in
China [J]. Global Environmental Chang, 16 (4): 340-348.

(EPH, B 2004, BTGP AN R TR ALK RSSO [J].
HEWEHE K 24, 23 (4): 37-39. Ren Hongrui, Luo Yi. 2004. The
experimental research on the water-consumption of winter wheat and
summer maize in the northwest plain of Shandong Province [J]. Journal
of Irrigation and Drainage (in Chinese), 23 (4): 37-39.

AT5R, BRhr, 4. 2006, 5T MODIS-NDVI )X 5 4 /N2 18 jg



qofE 5w 5 19 %
712 Climatic and Environmental Research Vol. 19

i =Ll RA BT Bl (9] AR, 17 (12): 2371-
2375. Ren Jiangiang, Chen Zhongxin, Tang Huajun. 2006. Regional scale
remote sensing-based yield estimation of winer wheat by using
MODIS-NDVI data—A case study of Jining city in Shandong Province [J].
Chinese Journal of Applied Ecology (in Chinese), 17 (12): 2371-2375.

Saini H S, Westgate M E. 1999. Reproductive development in grain crops
during drought [J]. Advance in Agronomy, 68: 59-96.

Slayback D, Pinzon J, Los S O, et al. 2003. Northern Hemisphere
photosynthetic trends 198299 [J]. Global Chang Biology, 9 (1): 1-15.
Wang J, Price K P, Rich P M. 2001. Spatial patterns of NDVI in response to
precipitation and temperature in the central Great Plains [J]. Int ] Remote

Sens, 22 (18): 3827-3844.

Wang J, Rich P M, Price K P. 2003. Temporal responses of NDVI to
precipitation and temperature in the central Great Plains, USA [J]. Int. J.
Remote Sens., 24 (11): 2345-2364.

MK, XA, BRER. 2008, P EFKGKESHAKMENT 1] £
KB}, 16 (4): 21-25. Xiao Junfu, Liu Zhandong, Chen Yumin. 2008.
Study on the water requirement and water requirement regulation of maize
in China [J]. Journal of Maize Sciences (in Chinese), 16 (4): 21-25.

Xu L, Myneni R B, Chapin F S, et al. 2013. Temperature and vegetation

seasonality diminishment over northern lands [J]. Nature Climate Change,

3. 581-586.
PR, WK, B, 5. 2012, BEBREO0 K HIRFF b

HE TR HIIX 2009 42010 4T FoAH] [7]. BEHIR, 16(4):
720-737. Yan Jianwu, Chen Baozhang, Fang Shifeng, et al. 2012. The
response of vegetation index to drought: Taking the extreme drought
disaster between 2009 and 2010 in Southwest China as an example [J].
Journal of Remote Sensing (in Chinese), 16 (4): 720-737.

Wiotr, e, 2006. 550 G R AR 2 o AR Ak K 5 AR IR T
KE [J]. WYERSR, 30 (1):1-8. Yang Yuanhe, Piao Shilong. 2006.
Variations in grassland vegetation cover in relation to climatic factors on
the Tibetan Plateau [J]. Acta Phytoecologica Sinica (in Chinese), 30
(1):1-8.

A, MR, XUHSR. 2011, rh R AR E S LA A S A fk
ARG HON U5 A AL PR W B2 A RN ) )OI 22 ek (0], AR TS
244, 35 (11): 1117-1126. Yu Zhen, Sun Pensen, Liu Shirong. 2011.
Response of normalized difference vegetation index in main vegetation
types to climate change and their variations in different time scales along
a north-south transect of eastern China [J]. Chinese Journal of Plant
Ecology (in Chinese), 35 (11): 1117-1126.

FRALE, FYRZ¢, Driessen P M. 2001. X TRk 2 HAE KR EH G
FRMRAL SHAUR ST (7], W AESZFM, 12 (4): 561-565. Zhang
Yinsuo, Yu Zhenrong, Driessen P M. 2001. Growing degree-days
requirements for plant and leaf development of summer maize—An
experimental and simulation study [J]. Chinese Journal of Applied

Ecology (in Chinese), 12 (4): 561-565.



