5534 % 4511 H & W H & Vol. 34, No. 1
2022 43 A REMOTE SENSING FOR NATURAL RESOURCES Mar. 2022

doi: 10. 6046/ zrzyyg. 2021086

SRR Pha 4, 9KaE, sRIR. 6T GEE R ARIEUL L B At

2 BACRRAE RN S [T ). A AR BT Y, 2022,34 (1)

249 -256. (Yao J X,Zhang Z,Zhang K. An analysis ol the characleristics, causes, and trends of spalio — lemporal changes in vegelation
in the Nuomuhong alluvial fan based on Google Earth Engine[ J]. Remote Sensing for Natural Resources,2022,34(1) :249 —256. )

B GEE B i A L 3L AR bl A A ) 25
ALACRFAE g R S o i

(L # EHRAZE (R HBME L R EERE, R

430074; 2. HE HH

BRASHFAIREGT FRFELLRE, BT 810300)

HEZE : Google Earth Engine( GEE) ~f- & {5 A # 12 B W I S 10 1 &5 SIIBOHE A A7 fidh o R AL BEAK SR AR A BR 1) o ik
T GEE V-5, F FI28 [H] 73 B4 30 m () Landsat TLRLECHE F1%8 [A] 43 B4 250 m ) MODIS TR ¥ , 455 i A
K AR B AT 7T 2000—2017 4F 8] 5 1548 15 A T I AR B b A 15 1) g 25 A8k a3 e A Pk, I 40 B AN [ B A
R b e el R R R B A D RO R Bk Sk 7Bk, 45 SR W] . (D2000—2017 4R ] 5 KAk & iiuH — b 22 S A
WS BAESI(E M 0. 029 | F134] 0. 054, B4 iiE >~ 0. 025, F K3 5 A 9k 75 %4 ( enhanced vegetation index, EVI) 4= 34 M
0.633 FF+30.771, 14180 0. 138, 24 EVI S KAL I IEZE R BRI (6 X RIFERAE ) 5—10 J; @xFHK EVI 1
(SR B K i AT AR SC A AR AR 5 70 BT, e EVI (B S IR BEARSC R ECH 0. 839, KI5 AHICH: , 5F%
KRR ECH 0. 457, FRIASSAANE, HAF K EVI X{E 5RE FEKBAATE 3 I IEADCOC R s OTE 18 a P
AL el A i s R R, T AR A DX AR WA T s (DA M AT R X5 Rl A XA B 70 AL Y LA SR S, M
TR DX AR RIS SR A XA — & 1 T 203800, FLAE AR — B [A] s RR 8 7 A

KR AR 5 FE ML FEHHEEG Hurst $540; Google Earth Engine

REZESEKE: TP79 TEIRER: A

0 35l%

HBOE A S RGP R E ) o PRAR AL
Xt A A A M 7 Xof AT TN A A A 25 2R B Y
A EEE T ET R R TR AESHE
M2 ATILAR K, 32 51 2 BR AR AL IR 1 52
M, 7 PR T AR TG L XAk 1) R A A JRE A A T
BN o AR VAR BT A8 BEAS B g, (5 el A
AR, X R AR S K R B A —
IR

R R s ) Py 70 AL 5 00 Bl AR 5 A R AR A
FUHEIF PR U EE R A IR Sh A FH O R R — U
MIELAE RS i BBy 1 22— AR e
R S a] e T B BUBT 1072 AL, T 0
BN o BT A5 GO T & R 2 [R] 3 R R 5

Ifm B 2021 03 -23; &iTHHEH: 2021 -09 -08

XEHS: 2097 -034X(2022)01 -0249 -08

185 BT K DX S0 B A8 AL R 8K 2 B 3R R A 2 00F
G070 LT AR P {5 5 5 ( goographic in-
formation system, GIS) 4% A, 75 Vi 78 260 1 T bk
S A K 25 MODIS B3 20 7 4 9 25 1 i 25 28
S LIRS 1, A PSR IR K 7 b A 9 5 55 R B AP
R B SRR A 45 R ] MODIS
s o A A o A s FE B NG Bl S A AR AR
MU Z A SEF o (HRT ST 2 F P2 0] 43 3 5
TSRS W IR IX B B 2 AR A, R AR 58 07 1k
TEC AR S A PR G AR WP BORRE E SRR,

Google Earth Engine (GEE) S & H 84 6 15 7
40 a (A2 EK T AR, HAEALE 1 800 Fi 1) fig ok
B TR GEE 7 &l fEL s R #ER
TR PR A, A 8O e 1 38 SRR B v i Ak
PR

3T GEE &, #| ] 2000—2017 4= MODIS 3

ESTE : G e AL o AR 5 A B R R R S 0 T AR A T S R bR B B I N I R B U B Sl R RO
PR 53— A8 £ BB (435 : 2019 - kz —01) A IEARHE TR 7 6 iR L0000 H “ 54 AR E
ZERGEARDL AL BN P67 (95 2019 - Z2) - T04) LRI BE Bl

E—1EE: WRAL(1997 —) B B LAITEA: BT 7 100 AR S RETERR . Email ; 1812283850@ qq. com,

BEEE: ok E(1964 - ), J 1L, B0 BHIE07 [0 9 L3S BORIE It it .- Email : 171560655@ qq. com ..



- 250 - H % %® K

2022 4

SRAH B 52X ( enhanced vegetation index, EVI) %4 F1
Landsat I|H—1{k 2= 548 #% 45 20 ( normal difference veg-
etation index , NDVI) %4k , 7341 1< I 8] 7 31 4 0 22 Ak
FROE , S BFR [Rl AR AR AR R BE R B A A A
DXFIER Bl DXABL A AR A1k LA R e 3o Al e 72 A )
SO, TR E AT A PR R AEAR AN e A
FrE SR T, IR AR 22 20 B Jr ik ko i R
LA s AP 32 Al A FA0 mT SE S, DA Dy v AR it
KR IRER G BN ] F 8 R R iR 2%

IS W& &R

AT X A 75 TR 48 1 D 5 oy W 9 N
52 B A B X, O A 7y N36°107 ~ 3635,
F96°15" ~96°40" ¥ 3k Jg 2 767 ~3 191 m(& 1) ,J&
fe T ER R e, TR RN AR R 1.2 ~
4.3 °C,B&/KEH 17.8 ~177.5 mm, 4 7E 6—9
H R R ZE L X 3 B B 2 B O R
W MRS 5 SR AR, 4 5 BN T, A B A TR
J38 5 ST R A 7K R v b DX AR AR R AT

A TG
Pl
T
22 FAd Pt X
TR ALIX
HITTX
e F/m
4991

2607

1 EREAREEETEE
Fig.1 Schematic diagram of the location

of Nuomuhong alluvial fans

A MODIS, Landsat5 5 Landsat8 T0 2 2481y
Zoad TR S E AR A RARRGE , T ) EVI $ s 2
250 m 25 (6] 4} FE2 9 MODIS TA 16 d & ik fy EVI
72 MODI3Q1™)  NDVI %4 &2 3 F Landsat5 5
Landsat8 52483+ i . dlial GEE Bk £ =153
1o IO F: PR SRR I 3 e R A 22 [) AR s ) LA B 7
B 0k, 23 (8] 0 2E A1) clip 8% clipToCollection pR
B, I TE] 5 B2 2 2000—2017 48, Fsb B P
AEPAELE GEE -5 I JavaScript 155 ZiFE L8,

GBI A UG 0 35 114 A 30 S s
R 3 , I [i) 255 B2 Ry 2000—2017 4F , Hok Il v [ <
LR HE AR S5 W (hitp : //edc. ema. gov. cn)

2 B

e QU R ORI EdR oA JLE SR
U ARG A0 30 B R A s TR B B R Rk I
THRASRIREEIN 5 AZACHRAE B o0 Ay e 25 SR AL 5
FBEAL RN PR R A MR R AL R I B 4 AT
gre PORBEEINE 2 i,

| Google Earth Engine |

[Emuei|  [BoRgk (i, e |

_____________________ e
e T—
BB AFOED T B VATRHEIR T | C Ao B
[BAER ] : i — :
L |NoveEsg| 1 [CPSERE] L [k |
| BV | ! | '

T
| dgon— s

(A+BEIRE AL a+rCBIBR A D)

T R |
E AR UL 53 BT i : Yy
iiﬁ&ﬁﬁﬁ%i'ﬁ%‘ﬁﬁ%ﬁﬁ|
2 ‘ v \
! v [ E bR ][R R
Rl T IS S ]
G5 RS E
B2 HAKE

Fig.2 Technical route

2.1 BERUERSEXEITEZE

%} 2000—2017 4EHF5E X Landsat 32 2R oE 47
T8 NDVI A, Ik B4R R i) NDVI i K{E, 7
PAA 5, £ X MODIS AL EVI 7= 5 47 i 0t e K1
EVI{E, FIH 2 20800 DA R 1158 ok 22k
BN X Y AR A AR K B S I, 43 AT B [
Be N H Br AFProma A8 L FRAE
2.2 Pearson ARG E5—MRIEXS X

KPR EE A/ R RN 4% I T) 5 i) B K EVIE B 3
PR 543 B S5 AR 5C 530, B R BRI B K
SERAL EVI SR p AR SRR 2 AR R ]
Pearson ¢ R p & LM% 2 NS T 225
AR EZE TR, R

_con(X,Y) _ E{[X-E(X)J[Y-E(Y)]}

Pxy = Oy Oy O Ty ,
(1)

AP XY 2 AR con(X,Y) N X 5 Y 1P




1

WEGA, A JET GEE WMy AR IEUEBUSR R 25 8 (AR AE i S o - 251 -

Ji#s ooy N X 5 Y RIREZZ R E(X) 8 X 1)
MK RBAET10.8, 1 if, ZF s EEAG; 4t
F10.5,0.8) mF, & EAMK; 4T[0.3,0.5)
i, R ARIEARSG s /T 0.3 B A 55 AR K o
153 DA AT 2 A 1 fRAH G R B
TEHEBR HAR — A2 SR W s T RAS B8, RO — B
(LLEESE SN WE

Ty = Tyly

NG

Aoy O HEBRAE B X, 205 R0 X, X 6 AR
KEHG r 28w X, 5 X, BT EAH K REG ) W7
X5 X, NERHCREG r AER X, 5 X, 1)
] BLAH G AR R

AR RERE I A T . Bk 2 M
EINBEITR T S U S W L s RN W

(2)

T

L= n = k-2 ’ (3)
1 -7
e S AHRE i AH G FR B n W REAS LI & &
Nl ERE R B n -k -2 AHE, Hi>
tyos (m =k —2) B p <0.05 B s e
2.3 Hurst $5%%

Hurst 3850 FH T 5E &4l i 1) 18] )5 31 22 4k i 3
AT FESEE T LU G 23 A B A A B A A
il Hurst F550 3% K SC% 5K Huest 7 $2HH BLE
o7 FH T b 5 38 SR K SCEE S

AT ) AR AR 22 43 B 5 i1 5 Hurst §8

B, o3 AT W 5 XIS R I Y R AR bk
Hurst $850(H H SARLEF[0,1 ] X [E] 2 N, K5 X ]
TR AHRERE RIS L, M 0<H<0.5 i}, 3%
HH A () 73 20 EL A 1 A A DG e, 1EHE Fe 1) B R b 3 A
i B B S 5 Y H=0.5 i, WA ]
G ELAG KA S RRAE , BD I B B A Rt tE, H H
BT 1, Fp g

3 HEREN

3.1 EWEEF TS ES T
3.1.1 HEEZEE

FIRG T 53 BRI 45 & NDVI E0408 SR IUF 5¢
[X 2000 4FF1 2017 4RI 5 (K 3) . &%
R AT 1 7 26 18 K0 40 i SRR 4 A T g IX Y
SEHHE MRE KR A DL K SE B 2875 00, 256
SIATT AT N 7 S RE DL R Ak ™ E ) X, R AR R
A /D R LA SR, 78 5 R AR, T A A AT
Tl el s - AR PR R & B R, TR,
WA G L 0.5 A i, 46 F10,0.3),[0.3,
0.5),[0.5,0.8)F1[0.8,1] 735 %53 hy B AR AE 8%
M ST P EES S %
PR TR . AR AN IX 8 18 a [ B ] Y, MR AR
PR 66.04% L TFE] 67.71% AR5 A9
TR 12.84% FIFR] 13.63% , v A5 A w7 1
B 12.33% N RER 11, 28% , i 45 A 4% 3 55 2
8.79% FF&3) 7.38% , s Ak b ok B b 1% 78 Ak 3 A
NN Al T

FRARAL X

TR T
003
10305
10508
0s.1]

OO MR HALIX

ALK
O ML HX
R
003
10305
[10508)
8.1

(a) 2000 4

(b) 2017 4F

B3 2000 F512017 FARXEHBESE
Fig.3 Vegetation coverage of the study area in 2000 and 2017

3.1.2 MidIEH

MODIS T Fl Landsat TV (1) 25 [a] 43 5 23R 43 5]
7250 m F1 30 m, A 4R HER 485k 1 d F1 16 d,
SR FHASIR) 2 8] L WsF ] 40 2R 04 1AL 7=, FEAS R 28
fi] (B8] RUBE | AT A 4 B AR AR AR AIE , AT EE A A (s

SEA T B R

F B A A5 2 A9 NDVI A S4B R 85k
EVI A (B R 2 38 A 45 R S S S 1 B 03 (TR 4)
FBRALA B NDVIAEY{EH 0.029 L F+%] 0. 054, 4
i > 0.025 , - H 448 3 2 0. 208% (k =0.002 19,



. 252 - H %

2022 4

R*=0.806 73); fix &k EVI 4E#{E M 0. 633 | F 3]
0.771, 1815k 0. 138, SF-H4FE 3 Ky 1. 15% (k =
0.007 73,R* =0.816 56) , 455 i /R 78 2000—2008

0.065

— s
o 0060 BARESE A /X
= /N £\
= 0055 VAV
#
S 0.050 S
Q ]
g s | k=000219
504040 ’ ff R>=0.806 73
= 0,035 |
N N
Ix 0.030 AL N \}f
0.025
FIFFFSSdes
S ST ST ST S ST QO QO QN0
FF PSS FSHSFFHFH S
Ty

(a) IR NDVE AR

AR 2 VB AL T AR AR ARAS , 7 G I [R] B
FBAAA K E 2008—2017 44 2 424l W /s 1Y
A E AL T R EE R _ETHRES o

0.78 -
— JRIEAR
0.76 T HGRE /
L 074 /
=
Z on ,
ok 7
< 070 /
2068
@ 0.66 k=0.007 73
I 2 —
0.64 R=0816 56
0.62
000 & & & & & & &
FSIFFESIFe s
VT F T VTS PP

(b) K EVIAEEE

4 2000—2017 FHARXBEHFREN

Fig.4 Inter —annual changes of vegetation in study area from 2000 to 2017
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time — series data to investigate the relationship between vegetation

An analysis of the characteristics, causes, and trends of spatio —
temporal changes in vegetation in the Nuomuhong
alluvial fan based on Google Earth Engine

YAO Jinxi', ZHANG Zhi', ZHANG Kun’
(1. Institute of Geophysics and Geomatics, China University of Geosciences( Wuhan) , Wuhan 430074, China; 2. Key Laboratory
of the Northern Qinghai — Tibet Plateau Geological Processes and Mineral Resources, Xining 810300, China)

Abstract: Google Earth Engine enables some limitations in the remote sensing monitoring of vegetation to be
overcome, including difficult data acquisition, large local storage capacity, and low processing efficiency. Using
GEE, the data of satellites Landsat and MODIS ( spatial resolution; 30 m and 250 m, respectively), and
temperature and precipitation data, this study investigated the spatio — temporal change trends and sustainability of
the vegetation in the Nuomuhong alluvial fan in Qinghai Province during 2000—2017. Moreover, this study
analyzed the relationships of vegetation between wolfberry plantations and salinized areas on the alluvial fans of
different eras and the future changes of the relationships. The results are as follows: (1) The average annual
maximum synthetic normalized difference vegetation index (NDVI) increased from 0.029 to 0. 054 during 2000—
2017, with an increased amplitude of 0. 025. The average annual enhanced vegetation index ( EVI) increased from
0.633 to 0.771 during these years, with an increased amplitude of 0. 138. The multiyear average maximum EVI
showed that EVI peaks occurred from May to October each year. (2) A correlation analysis and a partial correlation
analysis were conducted between the average maximum EVI and the temperature and precipitation data. According
to the analytical results, the correlation coefficient between the average maximum EVI and temperature was 0. 839,
indicating a strong positive correlation. Meanwhile, the correlation coefficient between the average maximum EVI
and precipitation amount was 0. 457, indicating a weak positive correlation. (3) Over 18 years, the vegetation in
wolfberry plantations was rapidly improved, while the vegetation in the salinized area degenerated. (4) The future
changes in the vegetation in wolfberry planting areas and salinized areas will have strong sustainability. The
vegetation growth in wolfberry planting areas will continuously restrict the vegetation in the salinized area to a
certain extent in a period in the future.

Keywords: Nuomuhong alluvial fan; vegetation change; vegetation index; Hurst index; Google Earth Engine
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