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Changes in vegetation NDVI from 1982 to 2016 and its responses to climate

change in the black-soil area of Northeast China
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Abstract; As an important component of terrestrial ecosystems, vegetation plays an important role in climate regulation, soil
and water conservation, and terrestrial carbon balance. The monitoring of vegetation growth and dynamics responsive to
climate change therefore become quite necessary to understand global climate change. Based on the GIMMS NDVI and
MODIS NDVI as well as a consistency check between these two datasets, this study examined the relationships between the
spatiotemporal patterns of the NDVI and climate change over the black—soil area of the Northeast China from 1982 to 2016,
using the unary linear regression model at both the pixel and regional scales. Our results showed that, at the regional scale,
the NDVI during the growing season presented three different trends across these years (i.e., firstly with an increase, then a
decrease, and finally an increase). Regionally, the vegetation growth was jointly affected by temperature and precipitation,
which showed significant seasonal changes. By contrast, at the pixel scale, the NDVI exhibited a general increasing trend.
The main vegetation types characterized by an increasing trend included grasslands, forests, and crops; and the cities that

experienced significant vegetation growth are Hegang, Suihua, and Changchun. The mean NDVI had a close correlation with
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temperature and precipitation over the same period. Over the regions that are mainly covered by arable lands, the vegetation
NDVI was positively related to air temperature, while it had a significant positive correlation with precipitation over the

edges of the plains and mountains, where the dominant vegetation types are forests and grasslands.

Key Words:; vegetation NDVI; temperature; precipitation; the Northeastern black soil area
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Fig.1 Black soil area in Northeast China
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Table 1 The statistics of vegetation NDVI changes in black soil area of Northeast China from 1982 to 2016

AL Sypy; Change Slope AL % Trend of Change HiFH Areas/km> T AL B Area Ratio/ %
Sypvi <—0.03573 Bk 130900 13.40%
—0.03573<S gy <—0.00122 iRk 7831 0.80%
—0.00122<S yp, 1<0.00447 FAARAR 267091 27.33%
0.00447 <Spyy <0.02753 R 388504 39.76%
0.02753 <Sypy; <0.03861 [ECTE 182807 18.71%
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Table 2 Geometric and spectral characteristics of GIMMS and MODIS two data sets sensors

e ens ATLLE B ST BR 1A 4 B SR
Sensor NIR/ pm R/ pm Time resolution/d Spatial resolution/km
MODIS 0.841—0.876 0.620—0.670 1 1
AVHRR 0.725—1.100 0.580—0.680 15 8
32 XERUER NDVI 24k 07
1982—2016 4E# 2 NDVI 4E V¥ 7E 0.22—0.34 06 L yooos1or- 00361 2
Z I, AR HME R 0.27, Bk A, 352 HRARILE 2 0s |- R=09509 P< 0.05 2
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Fig.4 Interannual variation of NDVI during growing season and season

1982—2012 4F 1 i 3/ #a 3 ( P<0.01) ,2012—2016 4F 2R 20 /0 3 (P>0.05) . Kk F, i
NDVI 4EBrA8 4k B~ (F 4) , B Z= NDVI 7E 35a F)A846 E 545 3 BB . 1982—1988 - 2= NDVI S,
1988—2008 4F- FJf /> jta #, 2008—2016 4 34 Miita #, 4 1 F- 3 NDVI 5 KA BLAE 1987 4%, fie KAE M
0.551,

http ; //www.ecologica.cn



6 S % 38 &
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R 1982—2006 4F 24 i 3 ka3 oh , Ay 5 AN a] 751 35 S #a 3, Hor 3 /B[] J 471 22 i 2 02 i 3
(P<0.05) ; ZAFAR AL R (& 4) , Bk 22 NDVI e s vdi /b #a 3, HAR PR BE 4 /N, 45 92 NDVI f i {E
HIAE 2009 4, IR R 0.342,

1982—2016 4E[] 4= 4 2= NDVI SE-{EAE 0.39—0.43 Z [8] AL AR X 450/ 3 R 0.41, 4K
2= NDVI 7E 6 B [H])J7 511 Bk 1982—2006 440, ¥ 2 i /D (P<0.05) . BFEALER (K 4) K
NDVI FfAE R4 /0 | 1982—1990 4F 5 i FH N #4a % ( P>0.05) , 1990—2007 4F S 4% i 8/ #a ¥ (P<0.01) ,
1M 2007—2016 AN E a3 2 0 Be s (B 1 BEUAE 2006 4F, HAE K 0.428

DX R 4 000 2 A2 K S R SR Rt 20 IR 4 FRa] AR Y ZR L+ XA B NDVI 22 4F 218 52
U B B 2 AL B ARG T3 NDVI A & TR R ERE K ZE A KRN & FREEMKE,
I, A9 NDVI 5500 K SR R UM,
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Table 3 Statistics of trends in growing and seasonal NDVI at regional scale

st 1] 7 471 B FES B AR
Time Series Spring Summer Autumn Growing Season
1982—2006 0.154 -0.439* 0.05 -0.29
1982—2008 0.293 -0.413* -0.138 -0.346*
1982—2010 0.473" -0.495** -0.273 -0.424*
1982—2012 0.556** -0.417* -0.312* -0.458*
1982—2014 0.629** -0.257 -0.398* -0.434*
1982—2016 0.684"* -0.244 -0.333* -0.338*

* P<0.05; * * P<0.01

3.3 BIUREM NDVI sh5481k

1982—2006 4F-, Z b2+ XA B NDVI SRR RARA (B 5) 1B 1k DX AR 7 AR b B A X i AR
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BN FRIGETH | BRIAT T RN 2 B X NDVI BRI AR AR

1982—2012 4F , ARL A& + X AR B NDVI SR BER A (K 5) | H w8 55 % 48 2006 AFAH LA W i
P, st DI AR AR G PR 4 IXOR TR AR Y 56% , 1Rk DX AR ARG PR 4 X R TR 15%, R4S DR T
ST T RIS JRVE T 5 2006 4FAH b, eho st i AR I 225 48 v oot 1 AR 301 o T XY 33% . 50% F1 48% , o 7k
R B JE AR AR Bl A5 T A B ST B B s AR, ARIGT BT BASR T R DT RIS S5 AN DX Y AR
B NDVI #a#55 2006 4FAH L, A 7 BRI 4

1982—2016 4F, AR LA - IXAEHE NDVI ER B H N EEERAS (K 5) M A 5558 2012 AR AH LA K,
R DX S TR AR 7 ZR 6 PR DRV Y 58% , 32 BEAR A S B o B I Al A B R R AR IR A DXl T R AR Y X
SR 14% ., 2016 4F5 2006 4EAH LG, BR KPR TH AL BT Z 41, 1982—2006 4 £ 52 R Ak Al i 25 1R £k 34
{4 DR 883 R LT 4 6 JR R it a8, ZR G PR 41X 10 4[] 5F- 2 R4 2l 35 1 AR 2 R 25653.34km” , R Jil) 2 45 i
7 AR T RN A T el T AL o T X sk T AR 809 UL I,
3.4 XN NDVI 5RERM LR

XFARICE XY 29 AR50k 05 35a ZE1 N4 FH R AR G nT A (B 6) - & 20473
SRS, BB MAE K FEREAN R, R PR R 21.02C, A K EZELHIEN
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Fig.5 Spatial distribution of NDVI changes of growing season during different time series
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Fig.6 Changes of climate in black soil area of Northeast China
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Table 4 Significance level of correlation between NDVI and temperature and precipitation over same period

LiH A=y I [E] %)) Time series

Item Season 1982—2006 1982—2008 1982—2010 1982—2012 1982—2014 1982—2016

NDVI 55 Ak 0.355* 0.472* 0.432* 0.438 " 0.435* 0.395*

NDVI&temperature H 2 0.691 0.656 0.423" 0.385 " 0.368 * 0.412*
RS -0.144 -0.285 -0.25 -0.247 -0.211 -0.213
T 0.042 0.15 0.094 0.097 0.163 0.155

NDVI 5Bk & JERNES 0.137 0.03 0.046 0.059 0.038 0.045

NDVI&precipitation B 0.117 0.351 0.38* 0.376* 0.436* 0.487"
HE 0.119 0.266 0.275 0.283 0.294 0.288
®ZE -0.316 -0.149 -0.074 -0.11 -0.149 -0.155

* P<0.05; * * P<0.01

3.5 BOUNJE NDVI 5 U EE R AR A
ZAESF-44 NDVIES R UR B2 R IEA SR (K 7) 4 BRI F SIS & 76% L L, 3%

E7 NDVI 5RHSIE.EKEHHEEE

Fig.7 Spatial distribution of correlations between NDVI and temperature and between NDVI and precipitation
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DURTTHLIX, = ZAR P ISR AR S AP AR DY, 5 2 SRR DGR T AR LU 3 /0N, 4 A1) 8] 5 91) Jd 35 47 4 G
BT AR LG ) 23 500 R 5% ,3% ,3% ,4% , F 5 AR AERS SR T 35 ARTT, S S AR R 2 Ry R | 1 b RN AR AR B
ik 2 TR QA DX B s [ ) SR T S 15 A A T il 25 67 R DG 1 DX IR TC I AR

4 itig

BART  ASCRAC R + XA NDVI (LA A 25 R SRR KRl ) R0 11X 4 15 H ol bl 7 25 A0
A, AR R a5 i 2R B B, A2 K 22 NDVIFE 1998 4 2007 AT fE 1 sk,
XA B AR A 3 F B2 T 2 2% NDVI AR R AR fb 18 181, LR R ZR , % 2% NDVI AR A6 IS I 450 5
2 NDVI 5 AR A AR, 2R &l FRPEA R A S IAEE 2 SE EOR 1A 200, ARt
BT X BB S E ORGSR, KRBT A B A KRS # 8k NDVI(E
HH I 3 T A = A 2 BRI T I, B K el D (R A 23 57 RIS 223 2%, IR K =4 4% ND VI {HL
AR T IRIIEZE 4 B BLAYAE PR NDVI AR b #0890 sl A A R 7 2L [mVE - 25 1 . Ah, A2
K ZEFIRKZE NDVI 1228 Ak BT BE I B 1) 14 T 22 5 25 /D ka3 R W] NDVI B3 ol B IR 7E ik 22 5 AR K ZR R
255 TEAH DG DXl FR LG ] BT B i 2 0 g i e e R A SR B A T W00k R A 5 R b
5, A SR T RYER R, RICR A K EARRR D X ARRE , B4 X AR ol g 517, R Ak
MREFAF BB o T AR (B T AZRTE S5 me) , Tk e AR 0™ H ) RS DL 2R S5 R i Ml XA AR A ™
T B B EH M

301 A K X 22 4R I 1] 551 NDVI S7E7ER RS, Hoh B2 5 22 FIRkZE NDVI i [a) 391 [ K i i
i 7 2R T ) I B8, 100 BA A 7Kt E 12 2 1 52 i 4 R 199 A K 5 A2 K 28 NDVIT X (] B0 7 8 1) B0 o5 1 [ 1
Rk i, A AR v A IR B S A A A KA — 2 B 20 07 AEBE NDVI 500 2 0 35 IE AR DG Y X4
53 A E S = DX PR BT S DX S D DX AR A A T, X AR A A A SRR A S T AR b R = R
1) = HEIK SR A2 R B A S i AR AR B T T UMM g 6 AR, E e E A g AR 1 . A NDVI
AR 3 UM S I X A3 A AR RS04 1L K DL A T SR 2 W 1K, 3K o SR B, AN THLRE T
K, B PRI It K /078 & Em BRI T AR A . A2 R KR ) B A DX R A A A AR LR
DX PEHR % XA T 52 X Bk i AR R BRI , S T 5, DX BUAE A DA S JE AR Ry 32 | R i T 7K o 1)
TR B, PRI I R K i b DX R A AR AR K ) R B T, SRR i 2 BORH Se 1) IX I A R X, A7
AU ) i iV IR SRS S T 3: (AN & R A N 1 IS B o = 7 TR AR (SRR b i 5 2 o N P D2 E S ok ATET 2 N
A SR AT B | (R BZCH IX R 2R A 2 AR 0 A DX, 24P R R K 2 s /D B SR T s, AR R 4 - 4988
B R ek, i e HAE g A= 1

5 i

(1) A 3L TPk [ ALY J7 1 | W ] MODIS NDVI B3 4E % GIMMS NDVI 34 42 47 1 6] 31 9
Ffal i — B e T B — B AR R ] 54T BR A JR BR A XSk G 0T P a8 (R B ifF 98 T AR db B+
[X 1982—2016 4EFH B A K sh S48 AL , 438 T A AR SR B AE K AR G, 28 THIBE NDVI 556 R
FIRF T AR
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(2) RALB X ZAE NDVI sh AR E B KU I, A 8% NDVI (E 2 B AR fb, B R K 2
NDVI {H 5 THEF RS ;1982—2016 4, AL 4 IX B 7E 20 it Wl 5 1 i 3 | 3 2 S 0 s 21 348 o i />
T BN sh A48 Ak FRZEAR I B 4 KRB NDVI AR A/, AR K ZRAE DL NDVI AR IR A K, B2
TR TEBICRE | 1982—2016 4EZR IR 4 X NDVI BRSO R A BT e i f K F
B NDVI 2 i AR, et AR o ZR 6 28 R AR A —2F DAL

(3) ZRAb 2R £ XA BE NDVI 2245 - (R A5 AR Ab g 1o B BH « IXSURE | R b2 + AR SR AR b
POF-28 | KRR AR K, 24T E] T 51 NDVI 25 R A0R oK BAFAE— B MG , 45 Z 1 6 S f AR
T BB 2 A AR AR 21 R ZE R HIE R AR, R i B B AR A K E Rk L+
SYEA, BOCRE b, 247 NDVIE 5 RS AR K B BRI R, BB IE A el K 7
JE M X AT B NDVI 5000 =2 5 0 2 A DGO R SR M s R A A 4, S5 e RS JR ST R T BB IX
PR 2T LA M 32 5 S S5 DX A 2 AL MR Bk NDVI 5 K 3 3 52 35 F A G 06 2R Rk B 14 ] i 3%
MR A KA, B A AE AL T ARG T AR DL /R T b X AP S 70 2 2 g AR
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