541 B 4 W) S & E2 i Vol. 41,No. 4
2021 42 ACTA ECOLOGICA SINICA Feb. ,2021

DOI: 10. 5846/stxb201906291372

JROURE AR WIORS 85, FHBEF. BT MODIS NDVI HHs 1) B 7 44 A Wi B2 i 25 A8 A0 S NS TG Bl 5. A= 252741k ,2021,41(4) :1571-1582.
Yin Q D, Liu C X, Tian Y. Spatio-temporal greenness and anthropogenic analysis in Shaanxi based on MODIS NDVI from 2001 to 2018. Acta Ecologica
Sinica,2021,41(4) .1571-1582.

EF MODIS NDVI #i IR EHFZERNTTHL
NS bl

o iR B RS, w
llgéﬁétﬁm?%fﬁﬁmhzﬂr&ﬁﬁﬁéﬁ W% 710075

4

2 T E R RS KA BATHTIE T B R4 R S8 E, Jha 100101
3 ERRR A B T B G Ik T A S AR A SR, ) 361021

FEE SRS Bl R P i R W i B s 0] 23 A B AR B ABK S) 77, I 2001—2018 4F /) MODIS NDVI #il 1999—2018
AR 1Y KR I ] 50 EHE , 43 BT T BV 48 NDVI Y i 28 AR fL #L A, >R TSS-RESTREND ( Time Series Segmentation and Residual
Trend ) HL R B T AMRZEE (W) XHEBE NDVI B2, 4387 T 206 Bl %R Bl 28 16 i 52 i B2 2 A X Js, (1)2001—2018 4F
8], BEPE4E NDVI 28 Z 3000, 24 E X8 IE R 0. 006/a; (2) HH 18 4ERAYFIME,77. 29% (1 IR FHME, Hodb, Bt
BRI ART | HE 22 T R T A IX SR K, 2030 97. 529% F1 89. 03% , B ELINIK K2, 9 73.91% , 2012 4E 2 )5, NDVI & {E it
BARHEIE A . (3) 44 NDVI B INAYIXIRE 71. 77% , 1 Bt DX R0 38 i 2 B 8 0K 56 A 37 J5E ORISR pe 28 1 LL i, G e
LA AR NDVI 8N IX I8 A 72. 11% , L% Ky 86. 44% 585 T &8 WK, (4) Bk L Berh &g ARG S, M fige
BE T AR 2k DX ) W 22 O o TR 28 T L, 3022 R AR A ) S X353 301 55 46% il 34. 34% |, TG 2 41. 03% , Ui
Y A~ 3 T A A DX P B Tt XA AT AR S 3

X4 NDVI; A2&1%3h; RESTREND; TSS-RESTREND; B #l Ak THE,; 2rfhfah

Spatio-temporal greenness and anthropogenic analysis in Shaanxi based on

MODIS NDVI from 2001 to 2018
YIN Qidong', LIU Caixia> ", TIAN Ye’

1 Shaanxi Eco-environmental Planning and Design Institute Lid. , Xi'an 710075, China
2 State Key Laboratory of Remote Sensing Science, Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100101, China

3 Key Laboratory of Urban Environment and Health, Institute of Urban Environment, Chinese Academy of Sciences, Xiamen 361021, China

Abstract: Remotely sensed data provide the only long term, large scale record of vegetation changes in natural terrestrial
ecosystems. Changes in the spatiotemporal pattern of vegetation alter the structure and function of landscapes, consequently
affecting biodiversity and ecological processes. Climate and human activities are the basic drivers to control the spatial
distribution and change of vegetation. Disentangling human-induced vegetation changes from those driven by climate
variations is critically important for ecological understanding and management of landscapes. The main objective of this
study was to detect spatial distribution of human-induced vegetation changes. The Residual Trend, or RESTREND, method
is applied to satellite observations to detect vegetation changes. Based on the rainfall and the Moderate Resolution Imaging

Spectroradiometer (MODIS) Normalized Difference Vegetation Index (NDVI) time series from 2001 to 2018, we analyzed
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the temporal and spatial variation of NDVI in Shaanxi Province, China. The influence of climate factors, rainfall, was
separated by Time Series Segmentation and Residual Trend ( TSS-RETREND) algorithm and we got the areas and magnitude
of human activities on vegetation change. The results showed that (1) during 2001—2018, the NDVI value in Shaanxi had
significantly increased and the average increase rate was 0.006/a. (2) Compared with the average NDVI value of the 18
years, 77.29% of the areas were greater than the mean value. Yulin and Yanan in northern Shaanxi had the greatest areas
with 97.52% and 89.03% respectively, followed by Qinba Mountain Area (73.91% ). After 2012, the high value of
NDVI tended to be northward year by year. (3) Human activities had a great influence on vegetation change and the total
increase areas of NDVI by human activities was 71. 77% , while the increase in northern Shaanxi was significantly larger
than that in Guanzhong Plain and Qinba Mountain area. The increase area of NDVI in Yulin and Yanan were 72.11% and
86.44% , respectively, which exceeded the average level of the whole province. (4) Based on the rules of greenness level ,
the changes of NDVI in the province were qualitatively divided into increase (INC, I1, 12 and I3) , decrease (D1, D2 and
D3), and no obvious change (NSC). The greenness levels in Yulin City and Yanan City were higher than those in
Guanzhong Plain and QQinba Mountain area. The sharp greenness growth areas of Yanan and Yulin are account for 55.46%
and 34.34% , respectively, while those in southern Shaanxi are 41.03% , indicating that the southern Shaanxi area with

humid climate also had a significant greening trend.

Key Words; NDVI; human activities; RESTREND; TSS-RESTREND ; Grain for Green Program; change trend
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(Ordinary Least Squares Regression, OLSR) , T AH# 15 #] 2 4 7= 71 ( Net Primary Productivity, NPP) 5 /K i
R, BIAE #—PR% 7K 5% & ( Vegetation Precipitation Relationship, VPR) , H:H NPP FH fic 4 4= K 2= 5 NDVI
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AN T (a<0.01), 12 (0.01 <a<0.025), Ej gg;::foozz
13 (0.025<a<0.05) Fl INC (0.05<a<0.1), NSCH  pae 0,05 <aco. 1
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K, o514 97.52% F189.03% (£ 2) , ZZEINIKIRZ, K 73.91% , FehiliE 2012 4E2Z )5, NDVI & E L E 4
Het s R (E2) .

http ; //www. ecologica. cn



1576 ZSO O ¢
20024F 20034F 20044 20054F 20064F
N
z : o) A
& ; : o o
o [ A 'S/ : -
N
% 3
X
.<T‘ .
&
20074F 20084F 20094E 20104¢ 20114¢ 20124¢
z &5 N &
% 2 - - :
o - L —x
&
b3
N "
&
20134F 20144F
oz ‘.: I‘l
o0
[ag} =
o
[ae}
4
B
s " e—
0 0.2 0.4 0.6 0.8
JA—ALHE R E NDVI
Normalized difference vegetation index
B2 2001—2018 FREF A FRAIT—LERKIEE
Fig.2 Maximum NDVI( Normalized Difference Vegetation Index) in Shanxi in August from 2001 to 2018
2 NDVI 5 18 F£11E(2001—2018 4F) tb#
Table 2 NDVI comparison with mean value during 2001 and 2018
X5 KT A/ % INT B % AL/ o
Zones Greater than mean value Less than mean value Almost equal to mean value
4244 Shaanxi Province 77.29 22.65 0.06
Tk 97.52 2.48 0
SE2 89.03 10.92 0.05
Sy 49.58 50.37 0.05
[S3%2] 73.91 25.99 0.1

3.2 ARG BhidE iy NDVI AR5 4

FIFH TSS-RESTREND S35 15145 5] NDVI 5L ik Q018 5 iR, 2001—2018 47 1] , B 7% 24 4 252 5 22 i
FU NZETE SR, NDVI S8 38 NDVI B0 X855 71,77 % |, et H DX i 48 fin & BE K 96 o7 Ji
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Ko 2 SRS . 36 3 FF/R Y TSS-RESTREND il 3 iy Ji ZUE K DX 35, 38 22K 55. 46% (11935. 9km®) , il
PN 34.34% (13825.7 km?) , MiBEFET J 41.03% (14746.8 km?) , 3% 156 HA Ab T30 308 A< 4 X 1% 02 i b X o A
FAsE, SR AR RS X B E UL, Y NDVI FIFE RN B R RS TSS-RESTREND
SRS AR AR B AT A3, R, 3% 3 AR GE TR AL & S AN IS G OT . BARBEVE A L T 7R
IS 6 G S R e Y A 2 R M DX B R R RS A AR R T AR R (R R B, A R
ZEO i SR AR R R AR A A B AR K B R, BUAR TSS-RESTREND B892 ] LUAE 507 J2 18 A B
SRS R8T, (U AT S0 B v R AR s i 25 SR A 0 iE— 2518 0E . TSS-RESTREND 575 P & 1Y
BFAST B [A]77 31 43 A1 73 o] AR 4 VPR ¢ R ABARARE Ay, AT AT LAY K RESTREND 45032 i i A DX 33, O H
AR B NDVI AR i RS BN . B 7 IR T A 2001—2018 4F, TSS-RESTREND #5ill #5 VPR W7 £
ey, BER L WS ARy K A AE 2008 AR 5 X UL H 2008 45, JEE IR B NPP 5 8K 1 56 R BT,
LAY RESTREND S5 a3t B A ai 1. B s AR 03 A A2 7 2008 A1 22 FiF Y DX I v 7 G v P Ji 74 <22 i ]
WA R ZE BN DX BT R, 5 ZE U6 2 , A SO AR X ] AR AE 2001—2018 45, {EZ G 1) W7 2 4F 403
AITE 2004—2016 4, 4k B AR AL A& AR FERFSEIN [A] Be B A 3 4R B J5 3 4FIHIIH] I, TSS-RESTREND %55 o k4
D BT SAF A0, 3302 R T 2 AR S R GG AR S (9 U 75 2 J LA 1935 7 S 481, S BAE NDVI |, B 7R Hh— 7 (9 i
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x3 REFRGIT

Table 3 Statistics of greenness level

7 H 7t Percentage/ % T Area/km?

Level Ak HiE % K [5353] IR FE X Bers
JZ0E /0 (D1) Dramatic decrease 0.07 0.04 2.54 0.34 25 8 446.2 117.9
B B3/ (D2) Obvious decrease 0.06 0.05 1.01 0.19 22.8 9.8 172.2 63.6
FHZE /(D3 ) Moderate decrease 0.23 0.13 2.29 0.65 83.1 25.7 385.1 221.6
RAZ(NSC) No significant change 27.68 13.4 37.65 31.43  11154.3 2802 6715.5 11243.4
B2 (INC) Slight increase 11.29 7.77 7.41 7.63 4245.1  1578.9  1288.7 2655
HZE4 K (13) Moderate increase 11.94 9.11 7.29 7.96 4544.5  1839.4  1267.3 2758.7
Bl 4% K (12) Obvious increase 14.39 14.04 9.09 10.77 5405.9  2788.1  1561.1 3719.1
JAIZUE K (11) Dramatic increase 34.34 55.46 32.73 41.03  13825.7 11935.9  5891.8 14746. 8
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HJ7 LSS0 53R NDVIGoTHE I X3 NDVI 2R fb i e /IME R, B 43 BURFRIG NS T 5 A # ] TSS-RESTREND 54325 K6
MROT E 43 L s 4168 3CF 3R 7R NDVI G T/ X3 NDVI ARk it i IME AR RAE, 1 43 B R 84 0T 5 9145 FIF TSS-RESTREND $i
Kl AR 0C H 4 1830 NDVI ZEfR il 0 I E 43 e

4 HFig

AT AR BRA AR AR 25 TR 5206 LS A 2001—2018 4F, BEPE 27 NDVI () i) 23 284k Ji e, 1 TSS-
RESTREND J2 938 B TS B K (WM ) X A9 NDVI B9 520, 45 31 7 N353l %k R 38 A 0 52 i 2 8 0 [X
B, FEEBWT .

(1) 2001—2018 4 [u], BEPi4s NDVI 5 B E 30, 24 F 38 i % 4 0. 006/a;

(2) M 18 AR YME 77, 29% W X IR T Y48, Hovr Bedb i an bR | 2 22 R T 408 19 XK, 7
Sk 97.52% F189.03% , ZEELILIXIKZ, N 73.91% , 2012 4E- 2 J5 ,NDVI = H [ iR AF e 3] i

(3) 78 2 % R RN XA W (0 52 W R T, A ST 3h %A B i A8 AL B2 R, 4548 NDVI 38 i A X 3l 5k
T1.77% , TR 1l DX 1 34 in 2t B 308 56 o S 5L DXORT B g 22 0 1l i, HG AR B AL R Al AR NDIVIL 384 i X35 K
72.11% ,GE% N 86.44% YRt T 44 /K,

(4) Sk ey 2 BARGE R MR T IR ZE T 9 AR 28 DX 3k Bt 22 06 Ao i R 43 B 1 M, 92 22 Ay
MREYRIZIRE A XI55 514 55. 46% F1 34. 34% T BERE A 41. 03% , id BH AL T 10 A% DX (4 B e s DXt A 3
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