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Temporal and spatial variation of vegetation cover and its response to extreme

climate in Shaanxi Province

GAO Ying, SUN Hu", XU Yinyao, ZHANG Shifang
College of Geography and Tourism, Shaanxi Normal University, Xi'an 710119, China

Abstract: Vegetation plays an important role in the terrestrial ecosystem. Under the background of global warming, the
response of vegetation cover to climate change has become an important research field. Normalized Difference Vegetation
Index (NDVI) is commonly used to study the response of vegetation change to temperature and precipitation on a regional
scale. In recent years, the frequent occurrence of extreme climate events has increased the risk and vulnerability of
terrestrial ecosystems and endangered ecological security. Shaanxi province is located in the hinterland of China, with a
large north-south span and obvious regional differences in hydrothermal conditions and surface ecological environment.
Therefore, it is necessary to study the dynamic change of NDVI and its response to extreme climate, which can provide
theoretical evidence of ecosystem evolution and ecological environment conservation in Shaanxi Province. Based on MODIS
NDVI data from 2001 to 2018, the spatio-temporal variation pattern of NDVI was analyzed from the perspective of different
ecological areas in Shaanxi Province. The response characteristics of NDVI to extreme temperature and precipitation indices
were also discussed by using the daily meteorological observations from 31 stations in this region. The results showed that
(1) the variation of NDVI increased significantly and the spatial difference of NDVI value was obvious in Shaanxi Province
and its ecological areas. The high value of NDVI distributed in the south, whereas the low value of NDVI distributed in the

north. The decreasing order of the value of NDVI of the different ecological areas was as follows: ecological region of
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deciduous and broad-leaved forest in Qinba Mountain (IV) > agricultural ecological area of Fenwei Basin (II1) >
agricultural and grassland ecological region of the Loess Plateau (II) > typical grassland ecological area in northern Shaanxi
(I). Meanwhile, the lowest value of NDVI was 0.38 and the highest value was 0.86. (2) The correlation between NDVI
and extreme climate indices showed that annual NDVI in each ecological area was significantly positively correlated with
TN90p and extreme precipitation indices. However, extreme precipitation had an important impact on vegetation growth in
the north of Shaanxi Province, and extreme temperature was the main factor in the south. (3) On the monthly scale, the
, TN , TX , TMAX _ ,

TN_, and TX_, while had a lag time of 2 months with extreme precipitation indexes in each ecological area. In general, the

NDVI had a significant lag time of 3 months with extreme temperature indices, including TMIN

mean

results effectively revealed the response of vegetation to climate fluctuations in Shaanxi Province.

Key Words; NDVI; temporal and spatial variation; extreme climate ; lag effect; Shaanxi Province
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Fig.2 Annual variation trend of NDVI in Shaanxi Province and different ecological areas
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Fig.3 Spatial distribution and variation trend of NDVI in different ecological areas in Shaanxi Province from 2001 to 2018
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Fig.4 Correlation between annual NDVI and extreme temperature indices in Shaanxi Province
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Fig.5 Correlation between annual NDVI and extreme precipitation indices in Shaanxi Province
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Fig.6 Correlation coefficients between NDVI and extreme temperature indices for time lags in different ecological areas

# o FE 0.01 K (R b EAHE; + 78 0.05 KOV b 2 240 5C 1S 2 A 2 months later

Rx5day

Rxlday

-0.26

(GEY)

134
WEIA

WEIH
WE2A~H

W3 A
#WE2A A
W3 A
wEIA
wE2 A

WE3AH
134
WEIAA

#WE2 A
W3 A

B7 ARESKBmEKEZSRR.HE1NA2 1A% 34 NDVI XLt
Fig.7 Correlation coefficients between NDVI and extreme precipitation indices for time lags in different ecological areas

# o fE 0.01 AT (U)W, « 7 0.05 AT (RN T 3 AH

NDVI 4 3t s, LIRS #oR R TR S WIX, IR AR« =J67 By sk T
TR AN BT VD UGV 45 KU AR A B SR A2 T R ) S0t , el A5 X I M 7 s A5 3 T I B
4.2 NDVIT X 3t = 3 4 1 g

M NDVI S5 3 S RSB AR 5 RBO T3 45 T B, R TR ) ROBE 145 A= 25 X NDVT Xof A 3 4 Tk 1 7

http ; //www.ecologica.cn



34 PV A BV AR I S N s A e B R AR e A Y 1031

JEARTE . AEBRRUEE 1 X NDVI 5 TN9Op £ EARSC BT BE & 3 (8] SR &, BRI BIR FE 2 , AT LA S i 1 52
W ICIR G A R AR A s 5 TN B BUAHSE , 208 Tz X iy SR IX B H R T &, 3 T
PEZE AN K Ay 25 K A T X A A K T IX RSB NDVI 5 DTR 2252 IEAHSE , 3X il RE S R
H i ek HARIR A T, 380 T M 28 & i, IR T 48K A3 945 &, 2SR T 3 R A 4 i et
TR B A A VR R B ) SR 1 TH i, A 0 (B R WA B 58 R R A AL R R 3R 3k
MR TRERE AR T XN il X NDVI 5 AR B 22 52 S A OC 3% W] BB B T X A ST e 5 SO B 1
ZECR RGN, TR T 398K 43 O T RE , 52 MAR B AY 1E A KRS, TV X NDVI 5 TMIN,, #iT TN9Op 4
B IEA G, X 5 RO X A IR 2 R —

ZHEARE L, S ESXAEZEME =NHBEL T, NDVI 5 #0575 50 TMIN, TN, . TX, .
TMAX,,... TN, TX F1 DTR #4523 ARG , 15 B AR A A R R A it ek rry e 1o 5 A B I8 P s I 00, 2 i T LA
e AR B A A R B T AR T B — E A B ), AT RB R BT A2 2 b IR R AR AR A BL T A3 R AR Y
s
4.3 NDVI X4 SR 7K fr i i

AR A DX Y, NDVI X% i 3K g o HL A 22 5 T DXORIT I XA NDVI 55 st B 7K 2 B 38 TE AH G, U
Wk KBRS L AR B A 13X T R B TR X T 5 KSR B = 45 K 43 Sl e 2B K i 22
PR A A R b AR /K A B A S i i IS A A 3 vl g T T R A R X A4
A Z BN G K it - 185 15 WA e HR 2R IRMAC P aod R B — 2 A o [ o 350t X A/ 4
N FTHEIR

I XA IV XAE NDVI 585 05 B ACH S I AN i 2 S5 S A L, 33X AN 2B 28 XA A R R K AR
X ANGEURK, AT RE SR T IX s Y AR A A RS A KT KA, SR — B R E RO A K B
R 2R A A R b R RS B A BB, NDVI 5 H 0 A K 52 02 38 TEAH O S e HE AR plon 2R
A 7K B 5 J W 7, 33K 55 Ak 7 = 3T 4t X ) 280 8D A 7 el SR A — 3

e ity -5 W ity B2 7K X S ) 2 RS XA B 2B K, ELARAE — s 1 DX 2 S (I DV X8 g A4 1)
o7 LA IR S A S RN, 3% 5 S AT I A AR 4 S R A — B A S AR A 5 S R — A
Fei it B 232 BIHADAR SR 2R T4, SCH DIl o S 5000 A 1 Wi S AB %t NDVIL (52 i (H 1 K 7% 1%
AR s S, A 5 DE9E Al 2 53 B NDVI A BB o S i ma 56 3R

5 Zhig

ASCHMHT T BT 20012018 41 NDVI (i 2 5 AL RHAF , 325 4 H 15 85 1 A i A R K B , 430+ T
NDVI X i I FIVB S AR KA W B, A5 DA T 458

(1) BV B I ARSI ) NDVI A fE 5 8 3% 1 FHE 3 (P<0.001) , 2 N EMARE K H R ) 0.06/10a; %5
i) L NDVI 5 5 I A0 4305 48 5, LBt 80 25 50 A5 1 (1) NDVI (ELARAER h 0,38 , 22 LUl s 74 0 5
W B AE ZS X (V) 19 NDVI B 254 086,

(2) 4FB7RUBE L, NDVT 6l 3 00 B LA B 1 2 1 2 55, eIl b o S0 4 A 48 X (1) o - 7
T Ml 5 5 S AR X (T A 1 5%, NDVIE B A A R AU 3538 Al 2 25 DX (T 8 1 o 7
it 5 g A2 25 DX (IV) NDVIL S8 Gl A AR DG S o 3%

(3) 264 J1 RUBE L NDVE SB35 16 1 W6 157 ELAT — 5 O W IR AR, T, 46 225 X NDVI 5 8 il
WEIR 2 RN 3 A 0, (Bt b S B A X (1) A AR AR S X (11) NDVI 5171 9]
DTR ‘2 B35 GG, [FRE, 4 445X NDVIXHHI I K Rl day 1 RxSday 35 53 A6, EL IR 30777 36 2
A

http ; //www.ecologica.cn



1032 JAE = 24

£ 3L HR ( References)

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]
[22]

[23]

[24]

[25]
[26]
[27]
[28]
[29]

Zhu Y K, Zhang J T, Zhang Y Q, Qin S G, Shao Y Y, Gao Y. Responses of vegetation to climatic variations in the desert region of northern China.
CATENA, 2019, 175; 27-36.

Gao J B, Jiao K W, Wu S H. Investigating the spatially heterogeneous relationships between climate factors and NDVI in China during 1982 to
2013. Journal of Geographical Sciences, 2019, 29(10) : 1597-1609.

&dl, £, SO, T, TIOK. 1982—2015 4F rp [ B AL (LA S0 A NDVIAZ LI R2 MR B~ 412, 2020, 75(5)
961-974.

Melville T, Sutherland M, Wuddivira M N. Assessing trends and predicting the cover management factor in a tropical island state using Enhanced
Vegetation Index. SN Applied Sciences, 2020, 2(10) : 1686.

Exnse, MFEF, TEM, B, TEWE, (85, RiR. ARt N TR LAT 3w R EERNY. A= 38%4, 2016,
36(12) : 3564-3571.

Lamchin M, Park T, Lee J Y, Lee W K. Monitoring of vegetation 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.

WY, REER, AT, 255088, 28 Ml DORIOR s A8 b B RR T IR S oM. A2 5244, 2019, 39(9) : 3257-3266.

EXOW, FEALF-, At 10 SRR T8 i S AR B 5 I s AR AR AR, B4, 2012, 67(7) : 960-970.

Mo K L, Chen Q W, Chen C, Zhang J Y, Wang L, Bao Z X. Spatiotemporal variation of correlation between vegetation cover and precipitation in
an arid mountain-oasis river basin in northwest China. Journal of Hydrology, 2019, 574 . 138-147.

Zheng Y T, Han J C, Huang Y F, Fassnacht S R, Xie S, Lii E Z, Chen M. Vegetation response to climate conditions based on NDVI simulations
using stepwise cluster analysis for the Three-River Headwaters region of China. Ecological Indicators, 2018, 92. 18-29.

Craine ] M, Ocheltree T W, Nippert J B, Towne E G, Skibbe A M, Kembel S W, Fargione J E. Global diversity of drought tolerance and grassland
climate-change resilience. Nature Climate Change, 2013, 3(1): 63-67.

Ndayisaba F, Guo H, Isabwe A, Bao A M, Nahayo L, Khan G, Kayiranga A, Karamage F, Muhire E N. Inter-annual vegetation changes in
response to climate variability in Rwanda. Journal of Environmental Protection, 2017, 8(4) . 464-481.

Pearson R G, Phillips S J, Loranty M M, Beck P S A, Damoulas T, Knight S J, Goetz S J. Shifts in Arctic vegetation and associated feedbacks
under climate change. Nature Climate Change, 2013, 3(7): 673-677.

R, TR, Sk, U e AR B S I s AR A B HO AR R MR . A= AR, 2016, 36(13) : 3960-3968.

XUEHE, WL, JRFEIS, RO 2000—2014 4F-Z2 [ 1L DAL 6 6 28 A8 (U RHIE SR B B4, 2015, 70(5) : 705-716.
I3tz , MROHT, Jres, BAaiE. L2 2000 SRR RS AR IR TREAE. HERRLETERE , 2014, 33(1) : 3-12.

fafe, sKEh, S, 250, D, DhiEiR. 1982—2015 4Frp AT AR K ZE NDVI AR R SR E R RN 5 XBFSE, 2020, 37(1):
244-253.

PER, KL SR, SRR BT SR DR K AR A R A L. B Al BEIR S X, 2015, 36(7) : 82-88.

Arnone 111 J A, Verburg P S J, Johnson D W, Larsen J D, Jasoni R L, Lucchesi A J, Batts C M, Von Nagy C, Coulombe W G, Schorran D E,
Buck P E, Braswell B H, Coleman J S, Sherry R A, Wallace L L, Luo Y Q, Schimel D S. Prolonged suppression of ecosystem carbon dioxide
uptake after an anomalously warm year. Nature, 2008, 455(7211) ; 383-386.

TERER, P, 1982—2014 47 Hh FE VR4 X S — (LR B0 (NDVE) 28 4k B S A IR . 0BT, 2019, 38(4) : 807-821.
EipbrE, BRI, BT, AN, PG, B v D DXAE B R R A S A A R 7. K S BRRR AR, 2020, 40(2) : 247-254.
LiCL, WangJ, HuR C, Yin S, Bao Y H, Ayal D Y. Relationship between vegetation change and extreme climate indices on the Inner Mongolia
Plateau, China, from 1982 to 2013. Ecological Indicators, 2018, 89. 101-109.

Wu D H, Zhao X, Liang S L, Zhou T, Huang K C, Tang B J, Zhao W Q. Time-lag effects of global vegetation responses to climate change. Global
Change Biology, 2015, 21(9) : 3520-3531.

THAZE slfBR, XURRIL, EIREE, MRS, TR SRR 16 X 7K BAS AR AR AL i 1o RG2S (B RRAIE. B BRAL = 3EJE | 2010, 29(4)
507-512.

BEFS, EIR T, XA 2001—2013 AEAbH KA BEBE G5 T 2 A4 VARG AT, B4z, 2015, 70(5) « 717-729.

TRV, BARTE, SR, UK. BT A 2800 XA PN 5%l DA B AR A MG e DR SRS MR 2013, 33(5) : 594-601.
ZH, FEB, BRK, GIRES, ROU BB RO S s R R MO SR TR T ERERA, 2015, 36(1) : 108-114.
T, XL, 3T 15a BEP AR 23 A4k 5 R 0 Hr. TR IX LB, 2019, 42(2) : 314-323.

BRBR, BRI, BRBLRE. AR AR S T BV A e BB sl 2 AR A KRR R R AT, T BT, 2020, 43(2) : 425-433.

http ; //www.ecologica.cn



3

R A PG R AR o s A T R R AR A P M 1033

[30]
[31]

[32]

[33]

[34]

[35]
[36]
[37]
[38]
[39]

[40]
[41]
[42]

[43]
[44]

a2, JKIVE. PRV 1980—2006 4R MRAR LI 28 RHIEAT 5. T 5 X PR S5FREE, 2011, 25(11) ; 59-63.

Holben B N. Characteristics of maximum-value composite images from temporal AVHRR data. International Journal of Remote Sensing, 1986, 7
(11); 1417-1434.

Frich P, Alexander L. V, Della-Marta P, Gleason B, Haylock M, Tank A M G K, Peterson T. Observed coherent changes in climatic extremes
during the second half of the twentieth century. Climate Research, 2002, 19(3) : 193-212.

Tan Z Q, Tao H, Jiang ] H, Zhang Q. Influences of climate extremes on NDVI ( Normalized Difference Vegetation Index) in the Poyang lake
basin, China. Wetlands, 2015, 35(6) : 1033-1042.

Sen P K. Estimates of the regression coefficient based on Kendall’s Tau. Journal of the American Statistical Association, 1968, 63 (324) .
1379-1389.

Mann H B. Nonparametric tests against trend. Econometrica, 1945, 13(3) . 245-259.

Kendall M G. Rank Correlation Methods. London; Griffin, 1970.

IMBL, B, TR0, B b RO R) A= 252620 NDVI i 23 A8l RO Ao A8 A )iz BB SY , 2020, 39(5) @ 1200-1214.

PFEG:, s, BB 5 E0R IH PR A B NDVI i 25 22 fb B HR SR AR R iz . AR 2524, 2020, 40(18) : 6259-6268.

e, B, RS, RAW, Ex e WX T RE S R AR S R A K Sl i ROl MR R, 2012, 31(7)
1453-1459.

X, AR, RIS, 3 - R RO R w27 NDVI W RAE LR R 2 2524, 2020, 40(2) : 678-691.

VPR, 2k, BhEE, mIH. NS IR B R XA P B A ML SRR R T I RR. AR, 2010, 30(14) ; 3733-3743.
TFIGZE, Wiete, 2500, ke, B IR, JEF GIS A1 RS 1y EVEIL NDVI AR AARE B L 5328 R A4 Al TR %4, 2010, 26
(11): 194-203.

BAEN, BIE, HEOM, R BB, IR, AR X A i e R AR B XA . RO RS 2017, 38(1) : 42-51.
Cui L L, Shi J. Temporal and spatial response of vegetation NDVI to temperature and precipitation in eastern China. Journal of Geographical

Sciences, 2010, 20(2) : 163-176.

http ; //www.ecologica.cn



