F40% 1 oI N D Vol. 40 No. 1
2024 4F 1 H FOREST ENGINEERING Jan. ,2024

doi:10. 3969/j. issn. 1006—-8023. 2024. 01. 010

2000—2020 £ B X1 & 1 # i = T3S 4% FE F I 52

PUR- /3
(CRAEMOL RS2 ARz, AR A S R GE AT 2 B 20T AR i SE IR 8, IR T 150040)

#  E. DL 2000—2020 45 E # T4t MODIS NDVI #3E | 4 30 F i 54 Fn & G B AAE A A K AT 4, R ECH #F30 AR fn 3
3MFEIMBEEANRE BA2LALER T, BEELTHHEBE B (NDV) I 21 a th it 2 B Ao E 5 5 RH
FH xR, KA Theil-Sen( F& /R -7 ) # % i 5 A Mann-Kendall ( # -H {2 /R) A K & 57 £ B Hurst (# 874% ) 78 Bofm A8 % 4
M7=, 3B AT 4 2000—2020 45 B 23 A B A4 2k A NDVI By it 28 % (LA 4E % NDVI 5 38 5 6K 8 1 5 2 34T 947,
GREV DA a ZERATHEKFFSHNDVI N 0.9, R EERE FE oA T EA LA 8 F 3 K3 ,NDVI B 4 N % 3
TAGEAN T N ENEIE, 2) 24 NDVI &4 E, 3 NDVI e MR E, 3)¥ 21 a BAILE NDVI BERE §F FA#S #E
HE10a ¥ 4. 7%, b 2 8 ZH a4 0y K F A4 TR 35.55%(P<0.05) X S KX T HE 0 HA LA TA b3 FaAdLdn,
4) kKB FIT 4 NDVI BRI 3 DLRE 322 B 1l £(69.5%) , & B3 7 4 R o b7 i & B W 35.33%, 7l #6 ] Bk & 1
BB LR 43.6%, 5) BAITE WHEHFEEY 5 EAFEEY 2 EM¥(P<0.05), HIEE K20 a EATEHBEERE
ERTFRF AEREAY, ARBEEE TN BBREFT MWL ESS N R BAMEAS BT E FAHEE,

KEBIR . ERILA;NDVL AEE T =T Ak &%

hES %S Q948 XERERIDAD . A X EHS.1006-8023(2024)01-0085-13

Responses of Temporal and Spatial Changes of Vegetation to Climate
Factors in Heilongjiang Province from 2000 to 2020

LIU Zhiyuan, LI Jihong "
(College of Forestry, Northeast Forestry University, Key Laboratory of Sustainable Management of Forest
Ecosystem, Ministry of Education, Harbin 150040, China)

Abstract ; Taking the MODIS NDVI data, land use data and meteorological data of Heilongjiang Province from 2000 to 2020 as the
research object, three main types of land cover, farmland, forest land and grassland, and two climate factors, temperature and precipi-
tation, were extracted to explore the spatial and temporal changes of the vegetation cover index (NDVI) in Heilongjiang Province in the
past 21 years and the relationship between vegetation changes and climate factors. Using Theil-Sen and Mann—Kendall trend tests, co-
efficient of variation, Hurst index, and correlation analysis methods, Using Theil Sen trend estimation, Mann Kendall trend test, coef-
ficient of variation, Hurst index, and correlation analysis methods, this study analyzed the spatiotemporal variation characteristics of
NDVI in different seasons and vegetation types in Heilongjiang Province from 2000 to 2020, as well as the relationship between NDVI
and temperature and precipitation. The results indicated that, 1) in the past 21 years, the average annual NDVI of the growth season
in Heilongjiang Province had been 0. 91, and the high vegetation coverage area was mainly distributed in the central and southern parts
of Heilongjiang Province. There were obvious seasonal characteristics of NDVI fluctuations within the year. 2) The NDVI in the prov-
ince was relatively stable, with the highest stability in grassland NDVI. 3) In the past 21 years, the overall NDVI in Heilongjiang
Province had shown a significant upward trend, with a rate of 4. 7% increase every 10 years. The regions showing a significant increas-
ing trend accounted for 35.55% of the province’s area ( P<0.05), mainly distributed in the central, western, and northern parts of
Heilongjiang Province. 4) In the future, the overall trend of NDVI in Heilongjiang Province will mainly be continuous changes in the
same direction (69.5% ) , with 35.33% likely to develop towards a malignant direction of degradation and 43. 6% likely to develop to-
wards a benign direction of improvement. 5) The vegetation and seasons in Heilongjiang Province were positively correlated with pre-
cipitation and temperature (P<0.05). As a result, the overall vegetation coverage level in Heilongjiang Province has been good in the
past 21 years and shows an improvement trend. The development trend of future vegetation cover changes is mainly towards benign im-
provement, and temperature and precipitation have a positive correlation with vegetation change.

Keywords : Heilongjiang Province; NDVI; climatic factors; spatio—temporal variation; partial correlation coefficient
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Fig. 4 Variation coefficient of NDVI in Heilongjiang
Province from 2000 to 2020
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Tab. 2 Variation coefficient statistics of different types of vegetation cover
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ﬁ*lﬂj‘ 0 1.22 0.038 0 98. 86 1.05 0.000 9
Crop land
ﬁiﬂ 0 1.02 0.036 0 99. 67 0.30 0. 000 3
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Fig. 5 Change trend and significance of NDVI in Heilongjiang Province from 2000 to 2020
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Tab. 3 Variation trend and significance of NDVI in different seasons
AL
EA Trend of change 7. ek
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B Mean

HE(3—5H) _ o
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Fig. 6 Hurst index of vegetation NDVI and future trend in Heilongjiang Province

R4 BRHTHMERE NDVI RRTLER
Tab. 4 Future change trend of vegetation

NDVI in Heilongjiang Province

R JETT W) ANAAHEE  HLH(%)
Change directions Future change trend  Percentage
HreB AL SRFFEEMEIR b 2.08
Continuous degradation LR AL 14. 60
HRBGR AR RB LAY mamaraiit 1.13
The past has improved, but the ‘A
future is a degradation trend B EEEGE 17.52
HFBEARRIGEBY R 6.43
Degradation in the past but im- 4
provement in the future SRR AL 0.29
e ESERE I E 33.60
Continuous improvement RIS s 4.28
N
R AR 20. 08

Basically unchanged

P s DX 2 B A r R R AL, P4 R 2 e
AR i S TR g et R R U D e, TP T
1A SRR A 1) A 5 i 32 BB i) PR, 7
AR RFEIN . FFELIB ALY DX A A3, SR AR
FESRTT AR AT R AT, 3 2 A N IS 20 ) A o 7 i 1
JANG- 52 Wi L 00 5 £ 52 38 Ak DX 3 A i B
R, BB A T30, BT B 2 B 4 |
U IFARTE R B FRbR A B AR AR A X, i
AR AR ER SR 2 e 36 B4 A DX Il o0 A 50 1] A s 1]
MU, 5B AR T I I A 0 R L ) T
S, UL ZEBRA 1 Wi b sk TG sh AR AR A 20 XY

PR3 Ko F A, 76 AR KE T BB 1S 0 T ] 31 AN O R
FERAEGE 7 55 . 2o 2% el oK ok AR R Ak ks
DX 0 3 B T R VA B P 0 A f b ) BB g
TLAE VU Ry P BROT T, P IO J 2 B e VT 2
R ™ H M, (W) st A 85 A 7™ ) AR Ak n)
Jeu Ak F IR, R 55 LR SRR L, NZETE
BIXT K — b DX 52 M 2 A PR A DR 3k A8 A 1Y i
FS NS S AL A R ¥ S b O g A i
S AZIE SR
3.5 BRIIATEAZTEE NDVI B EREK K
BEIX R

TR 5T BT A NDVI A4k 5 0% 2 8] 1) %
F RO R K & o A R AR i, 7R 2
NDVI 55 R A NDVI 5 [ K A 56 56 2 43 A [ 1
S G RN AR Y JE AR S5 e IR 2
PERG 6 A P FEVR B P<0. 05 5 K S % T
IHTEE S AN 7 iR

IR NDVI SR AR B -0. 875 ~
0.916, B Jp T8 A 87. 86% MY 1E A 5 14 JC
12. 14% M A S5 0T , e B NDVI 53R 52 5 B IE
HSE, XF NDVI 5 B 2 ] (A0 Sk HEA T o 3 PR AG:
KRB E MK P<0. 05 MM G0, 45
R R STRXT NDVI Y 1 AH S X 38 P 1] 4
TEREATRIRTTAR | T A A % DX R4 vh o3 A 7
VTR e A R e pa A
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Fig. 7 Spatial distribution of correlation between NDVI and temperature and precipitation

PEIpITAR NDVI S5RK A R 505 H R -0. 953~
0. 981, 75 [a] I &K fFF#E 65. 67% Y 1E 1 14 I,
34. 33% 1 T AH 1% T, NDVI 5 K B 5 i B 1E Al
Ko Xt NDVI 5 RK R 2 [0 B A PR T T Pk
g, FEHEHCT B KR P<0. 05 BAH &G,
2B R BRI X NDVI 9 1E A A T X 84 vh 0 A
TE gy A Pl AL R PG S, 6 AR 58 X B AR X
HATE T e AR R

A3 TS [ R 7 26 28 0 NDVT 5540 107 <

FIRR A R AE & ZR 50, I M Hp 38 B8 35 1 Kl P<
0.05 Mf&oc, 1833k 5, 45 R BoR 7 NDVI 55
TERTREE 7K B AH 6 1 5 32 e v, EL AR HE | B b #f b 3
FHAEBE ) NDVI 5 A AR S P 24 177 55 B 1IEAH 26
K F HEH NDVI 5 [ K A9 A 6P B e (%, Bkt
NDVI it 40% H A S R K 2 RAH R, AR
FREK X 3 FRAE B NDVI Y S AR 5 i 15 S TEAH 56 |
BIEARKTF 0,
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Tab. 5 Correlation statistics of NDVI with temperature and precipitation pixel by pixel for different vegetation
SR/ G &K/ mm

A s 2w Temperature Precipitation
Vegetation IEAIXE (%) A (%) ) AR (%) I (%) #H

Positive correlation Negative correlation Mean Positive correlation Negative correlation Mean
it 99.38 0.62 0.471 60. 95 39.05 0. 149
Crop land
i 97. 00 3.00 0.454 91.96 8.04 0.475
Forest
B
i 98. 89 1.11 0.488 92.70 7.30 0.563
Grassland

A3 AR TR 245 NDVI 524 0 | K Y
FHIE R B, FF N P S I E 7K P<0. 05 1915
Jt, M EHAT ST 1R B 6, KL NDVI 7E 2 %=
HARIREYAH M B iy, TERKER 5 [ K 09 AH OGP 5%
15, A2 SR K AR DGR SR AR, B R AT R & 32 02
DI L Rk, B3 7 35 & X0 NDVI (B 5 ™ 4
M, KA 30% A AR RE NDVI 540R A
Ktk R AR, JF AT e i T 50 FR

JeVTAE WAL A B, 7 H A B BRET S0 i 14 h 1Y
KB Z H TP AK, Bt 30% S
BRBRKE R AR, A A RE SRRV A %
PRRE T 26 B A AE Ja 3 v JE X B, 3—5 ) L
FEAERRE TG R S I mL, BEK A LA o 32, 4E
ZTHDMARK S, BAOREIRMBEKERZE,
RS &S (P S A TN

®6 ARZET NDVI 5EKIE . FEKRKITHEXES T

Tab. 6 Correlation statistics of NDVI with temperature and precipitation pixel by pixel in different seasons

SR/ G &K/ mm
Zy Temperature Precipitation
Season EAIX(%) FH (%) #iH EAI (%) FHE(%) #H
Positive correlation Negative correlation Mean Positive correlation Negative correlation Mean

S
%$ 99.61 0.39 0.59 69. 94 30. 06 0.212
Spring
=
=2E 73.71 26.28 0.652 98.95 1.05 0.235
Summer
bk 25
LS 97.11 2.89 0.471 85. 44 14. 56 0.382
Autumn
K

. 98.07 1.93 0.581 32.72 67.28 -0. 188
Winter

4 gL

4.1 PHe

JE X 2000—2020 4F F8 e VAR B AR A0 0 F
PR B E T 2B e VTR Bk A0 78 o5 PUIR Sk I
SEIAR NI (L Rl B A ISR, X R DX A
P AR AT A 5T I, T B KR N NS AT R
F RIS 2 BRI N A ST IE LN

T RS F8 BB p VT AR 1998 4E, FFIAPIAT
IR BRI BOR T , BOR SCH 5 , 76 BB TTHL X F
17T B BRARIA FAT S5, 7F 2000—2013 452
TeVTAE 23. 38% HUAR AR R ARAK, 11, 75% )4k B AR
R W AT R T 2t T ZAERIR L2 )R
B AR TR, B HRE MR = T RS T8k

BT, FEASAIF ST Bl R 5 1 Y NDVI s S 4F
B e S 38 14 i 15 BN Ay BT 28 ) A 0 2 5 1 52
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AR T BB R Sk L B 1] 42 52 W A 9 A K A w7
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H T2 VT PR R B 2 S R G
FEIE  ZEIIF 9 AR DY 7 55 A X 4 A A B 7 5 AR AR N
AR R g S AR R AT X A gE . W SR AR
2000—2020 4B Ip VT8 FEHE NDVI 7ER ] [ 5 i 2%
B AN E S ENE R SRSl =R
B, XH5AMED PR, Baest
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