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Abstract

The Yellow River Delta is an important ecological resource in China. To protect this valuable eco-
system, it is necessary to strengthen monitoring and management, guarantee water resources and
ecological environment, enhance scientific research and technical support, and strengthen envi-
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ronmental governance and education and publicity efforts to promote its sustainable development
and improve biodiversity. This article uses land grid data products, normalized vegetation differ-
ence vegetation index (NDVI) data, and vegetation height data to assess the spatial and temporal
changes in land cover and ecological quality in the Yellow River Delta. It has been found that in re-
cent years, there has been a slight decline in the ecological environment quality of the Yellow Riv-
er Delta, with an increase in cultivated land area and a decrease in grassland area. This research
aims to deeply explore the land use and ecological environment changes in the Yellow River Delta
region, and provide relevant policy recommendations for sustainable development in the region, the-
reby promoting long-term improvement in economic development and ecological environment.
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1. 518

2021 4F 10 A, ke, ESBEE R GRIMEA SRR m R E R BREINE) , NEFITRE
B R AE SRR R R A RS TR T 5. “+HPUR” MR 2035 5 H ARG E A .
CmaEATT . T AERYL ORI R R AR A R YR sk E AR S AR [1]. B
SR, ISR TAE OOy MRt B E ARSI ER @R W TAEE Al VE NIk = B 5,
=N IX AR N DA%, BTG BT BT KBTS 800 A S MBS AP & 8 S 5T,
D] Lt 22 382 B 43T 1 = A X I AR R, ST R RIS AE S R A B 7000 1 51 ARy AR F [2]

HHT, O S0 = A X 50 = 90 NDVI A REAE K LR R 2R I T 9, a0 5 056 A
P IR AL, @ TR = AP NDVI B AT, 45 0 H RIS B0 S = A PN B SRR X
BATIER M, Rt H AR SR8 S5 i s b ] UE It NDVI BT T3 [3]. X ABA5E A @ i X 35 7]
=M NDVI AT S VAR AT, 0 35T = A R 2 R R AT A 5 DA R S AR R T, WE A
G5 T RN = AR YN ZE O R 5 R R RE A 4]

KN TEMEFAT R =250 . MIARAR KA T EZ B WA A, KRR, %
GLI e 2 1R BRSO R B e I, (B R s, NAEREINERZNSERRE, Tk
FIEM T, RAFMAH) =4 H 451 . GEDI WOk & S PRI A, T I A 9l ) I 450, Rt R
BRI RE B o P2 4000« Sentinel-2 1 73 1% 20 18 J TR T W DASR (L 22 0 il B Bl , fudB e, 4r. WA 44t
BB BhEPIE IBHE, REE S AT RN IA R AR KORAS, A BT AT T AR S b BR R T AR
AR ROIRAS o BFFE L R FH 2R A0 T (R i B IR A R A . nsR S b PR AR . MR TR AL
RIBEAFEER N, HHAENANIGTAE EIETESI 2 EEAR, R AR N 2T %
TSN RERI S S, B 5T X I R P 4 R B T B0 b R R | (R X ek A B v R b B
PRSI X I T SR R (5]

FFLLERFF, AR = M 2000~2020 SEAE 15 7E o5 2 NDVIE, 258143 #8230 m 247
T 50 BT = AN A A K 3 o TR &5 4 1 1 7 56 2 SRR /= 20 BT AT 9 3 0] = f N i AR S T i
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2.1. HRX

B = AN )58 A S — EAERTEAR A . AR, X AN b X R TR AR TR B = A . 1855 4F
FEUG, I SOE 2 HR NI 5, 2 1934 4 3500 230 N T RS B AT, TERR T IR AR B =
MY T H 1934 LIk, B =AML EN T, 2 TIARRIES . B = ANE R MR LR
BARE AN TN, HT 3R =M 93%M AR T BN E WA, B A S F TR E T
B =AM, O T BARIREU e, ASCERIUARE T 4 MTBIX—— X, BRI, REXH
FHEEAE I TR, B3 BAR T = f 6], LI 1.

Figure 1. Yellow River Delta
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ASTRIGT FH AR A — A B R T R BRI S i 451 &, SR T L 2000~2020 4FH[H 30 oK
Kk NDVI #dfs 4 (http://nesdc.org.cn/sdo/detail2id=60f68d757e28174f0e7d8d49), L 21 4Ef¥) NDVI i
[7]1[8], A%¥adE%:T Google Earth Engine = i3 &, FIH A AT Landsat 5/7/8 & /& & ¥, @it K751
B FIAL BRI 1V 55 7%, 4331 2000~2020 AR ME T — ) NDVI e RAE - 128080 427 [A) 7 %
N 30m, A FERN R .

M7 5 0 AT AR T 5T HLER SR TR A [F) 8 284 () M T RV B 78 2 185 DL R L FR b, WSk RIS
DAt R[] b % 905 R b 3 A7 M I B A o AR ST AR R FH B SR U A BR 30 K Hh 2 7 25 S 40 4y 2%
P i (B ER R E R R 2 T AR SR S 520k %% & 45 (https://data.casearth.cn/sdo/detail/5foc7904819aeclea2dd7061))
#35] 2000~2020 4E4F FLAE R = S [9], I8 B o0 PRl I N T E AR R SR EUIT 75 AH G A B

A 5 P EidiE SRR T hitps:/mp.weixin.qg.com/s/1zXB99wy 5QdnDspe4Pclg, ETH Global Sentinel-2 10
K 2 = (2020 4F) [10], T RhGE #HBEOETE L GEDI (Global Ecosystem Dynamics Investigation)
Sentinel-2 FAAZHHE R . EHEEHVAES RE . R MAPT IEEMZAEVER R, FEME SN L
FIERAE S, T HER i 2 = AT R R . AL 7 — b BRE AN SaB Mhg . HURERFERE 2y 10
KR s B, RS 7RI E R . SR G TR BURAL T EARLE, TR B0 B AN
RUORL,  HERAS S K e I v B o 3R D e T 8 DX I R A D B A 4 1 B S
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23. MIRF*E

FIH 2000 4FF] 2020 F 5k NDVI Hida 5, 347 —Jc4 B EF0 Sen + MK 23041, 45 237 = i
21 AR 55 X3 NDVI 25 18] 20 ATRFAE B TR) AR A R AN AR AL B3R AE , Dy BT = A N A 38 o B )
RAGAYRIF SR AL FERIAR AR, 0 b 20 45 ()4 T AF (4 MM RS B ) e M) P A A I, 453 R P 2K
RIS FARE, 456 PR 3 7 A) B8 03 28 58 MR A A R B S R L R AR 6ty B AR S T B 455G 2020 43
W= A PNFE R = A, AT X RS KRGk . DLEE G b - 7 26 A AR 25 0 & 1 A8 Ak

2.3.1. —EeMEEFITLRRE
5] 5 23 AT AR A L 2 AN R 2 (M GE T &R (0 — P L7V, SR T TR A B AR A A 1 B T
[11]. Xf—4Hmfa) 342 & x 5 NDVI FAE & y #d5, 7T AW T M ECE B AR A -
y=a+kx+e 1)

X, av KRRAFEE: e 2BNEZE. FRHWNE, vi) (1=12,---,n)i DRI ARFSE Kk, 10 k Lk
#& slope #1%.
” (x=%)(v;-¥)
slope == — (2)

(% _7)2

X NDVI KIS [ARESEE R YL, KA — et/ h aRIEN & 15 B ARR ) Ze e . s
R k B EE TR slope () ME, T LA HIMER 7T NDVIE 2 SE AL LA fLia 35 12], EHR
BRIL# 1o

Table 1. Relationship between rate of change and vegetation greenness

1 TREEWHREXR

Ap e TR G AR
slope > 0 T 4 FEE 389 o
slope < 0 T 2 S Y55

2.3.2. Theil-Sen Median #&# 43 #r 1 Mann-Kendall #3875 5% (Sen + MK #&3#947)

e EEBER, @E 2 H Sen R THE, JH4E MK ESHUGT kAW BH LT EE. Bk
ME, %M Sen Rtk Fi&HsE, FAAIH MK 77T B R .

Theil-Sen Median 7772 X5 R Sen REZAG 11, & —MRMERIES B ST IEH IR TT%. Sen %
R E A A, SIS ARE ST BB AT, (H ] DR 2D ik 6 AR Fh R R T4, X
TN R ZE A S B AU 2O R AR S, WA T TR AR R A dr b

Sen B3I T A U (3) A

. X — X; ..
ﬂ:Medmn{ 'j_ijj,‘v’j>l 3)
e x A x NI AP B8 . B KT 0 RoRiH )75 280 BT 3 g/ T 0 Roni )75 230 R FEi
e

Mann-Kendall #5362 —FIESH0G 5% 7%, SHAMSERRR 7ikmte, BEHEERGEN . BEAFH
TRE ARG W 2 A, ST AR AEES A LR R EE . T SHERR,
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Mann-Kendall 7575 #0457 41 70 A AR, BooP e E B, BIE GBI P A & . K.
FHRAAABAAH AT 5, Mann-Kendall #5560 A3 81 T ZMH . B, BT Pbam. Bk, S@E
PR B T [13] .

KISt & S HAR@) I R:

S= Zi"':zzi;llsign(xi —xj) (4)
L x-x>0

sign (% —x;) =40, X —X; =0 (5)
-1 % -x;<0

Hn> 100, FiitE SITMURMbSHEIES A, e X4t E Z #iria s, Z Eha(e)it

=
S-1 , S>0
var(S) Damas
7 -lo, s—ol, ﬁtiﬂvar(s):%gn” ©
S+1 5<0
var(S)

X, n RoRIT R FHIKE: sign 255 REG MgihE Z FBUETE El— BN (-0, +oo). TELE W&
K p-value N, 42| > 1.96 ff, FRHE A FHILE p-value 7K F_FAFAE B E AL . —MEL p-value = 0.05,
ARSCHIWTTE 0.05 B AS/KF 357 = A 9 NDVI I 8] /5 5128 b 35 1 &

AW R 155 Raster 3T HH& 15, FIH trend 1 sen.slope B %47 Sen + MK (135, it
SERAE =ANRBL, Z 18 slope Flp fA.

2.3.3. THbFIAEBREIE

b ) AR AN B SRR R R A N AR =S B IR R - 2 A1 R 5 A TR L SR EE R, 2 seml
AER TSR B Y RSN, R B R M RTI R A AR R RS [14] o AW FCR A T LR P %
T 5 77 255 T = N ) L R ) P S AT MR 3 BT o 3 A T 4 AN S AT LK B b Al SR A (] - b )
AL (R HFEAGTE B, 18R] LA AN [ - 255 P 36 R 2 200 2 [l ) L 4 B i 2 [15] . X Fh 7 vk,
FATRT LLE AT b T AR 2 A AN ) L R R P 28 2 [A) (AR A DA S B R T 2R, Oy - b SRR S L R 2
MR FECE S FF o SR IR R v, AT CAVPA B = AN BN TR AR KotR WL,  DASEERAE 20
B . AR B M FEIAT = A N R ) BT ASANTF, I8 A ArcGIS 10.8 [ Spatial Analyst Tools [543 2%
T H AT RS B i — 184> 2%, 4% 2000, 2005. 2010, 2015. 2020 4 5 AN (6 3 F) 8 EEcdE , A
B gE R . AR 25 18] 90 A5 SR o A 3 9] = A = iR P 78 26 8T O A SR PR AR AL A, SR R
B RN 2,

B /512 H ArcGIS 10.8 ¥ Spatial Analyst Tools 347t B 5, 1535 = £ ¥l 2000~2020 4F+
bR 27 A S PRI, DA S A b R R A ) 45 v A I R R AR B[ 16] o s 11—t b R P 6 T PR i T
VA 0T 78 i A s AR B S i 545 tH i 38 LR A B 390 ) - b o) P 2 28 P B et ASHIE Sk
DAz B 7B S i . BARSRUE, YRR A SRR RN TG T 10 B, A T LTI IIA A

N = Ax10+B 7

A, N R A O R 1 g hh, A A B 3 ARSI FE A S ANA S0 0 = st R RT3 B e i o X5
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A AT TR T —FIE T AR 5k, 1 b v CLEE & R 20 dr B0 f v s e . Hh e fs
F| 2000~2005. 2005~2010. 2010~2015. 2015~2020 = PY B & in] = F i i) 3R 4L B B3 . I WA B
WERR R TR = AN T B 78 28 A

Table 2. Classification of major land cover types
F2 FETHMBRARSAK

95 R B -Sakcytbil

1 Hrit TERERAEYI R o, A0 37K F A 5 3

2 L8] A AR A o (3K

4 sl AT, T2 AT T PR SR A
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8 K3 TR A TEEE KEEGUE. WA AN MR S
9 I AN R HUE B R

2.34. EHESEBEREE

GEDI M st 1w A, /A HE M, (HHAE G E 2 TR A . AHXTHE, Sentinel-2
Ju TR KGN EE, HARERNEEEL M. KWAEORRIIL AN, 3 E Dy v A 36 B 45
RS AL T T AT (RO AN Ty %8 . JBId Rl G GEDI 1 Sentinel-2, AKHRIEIF R T — AR IREE 5% ST
B, M ER_EAEATHL T ) Sentinel-2 & ARG R BT i B, XTI Sk T (AN € PEREAT AL . XN T i
A DO IEAEBEAT MR GRS AR S5, R AT RE(REE MR BRATAED) AR A BED o T AR SORI Y It
HE TR R 14 R SR 237 £ B = A0 NDVI AR S A B R = 3t ) P 83 1 S 2R A N T 60 2 [ AL )
AR FEINR ARG S .

HIF ArcGIS 10.8 FIAIT 5t DX I HERS TR = 1 i FRORE R ot 2 00 BTt FIHT con BR 0K O m 2 O m LA
TN T DX, DA . 25 U0 DXAE 4 e B S R E S R G VE 2 5 T — 5Tl e AT
e R HR M, BONEA LRI R R E 3%, (I 5 2 KA K52 . thah, MR & AR
B2 YRR . B TRA R RRE, KRNI R EIR T, XA R FECT
WX E— R B, i RARKALSE . 55— 5, s R B a2 ek, r2ah
Y e B 5 i FE IR OR BB 4R 4, A R R BRI, RS A W) A R 52 2 7 S - (A

Ub, YERFIE S R R N TS RGN R E S E
3. BREHH

3.1 EWREEB O

KK T Theil-Sen Median 75741 Mann-Kendall (MK) /7 7B Rl AR TLUME, SR H7 5 0 =
FUN 21 R AR B VA — A A AR ALRAE . BATRIH R IES HEIZ R F1 Z. slope F1 p-value & $4 K At
FAEPA S, Il — 2D o A8 i 2 e = A8

3.1.1. Slope #&#& 534

AR ST = N 21 SERHE S5 BT vl LAAS H P 2 S800RT = R N 1 3 P T A, D 8N T B R 4
Br, OB ks B4 5 BE. WK 2, W41 2000~2020 4F 8] = A P EE 4> X slope i s T 0, HE#K
PR AT, AGHBFI AR EEHL X G B slope UMK, FEBAIBMIER . 4G ARG, &
T = N XA A KA R IX 2 ok, Bt R N TR AR IX s MKk DR BRI K AT
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Figure 2. Analysis of Interannual variation trend of NDVI
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Figure 3. Significance distribution based on Z-value
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Figure 4. Significance distribution based on p-value
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Table 3. Land use and cover types in the Yellow River Delta in 2020
F 3. EIW=FM 2020 F A FIABELER

Zihg + 2B o5 1 T A (km?) THIAR 43 B (%)
0 e 0.0909 0.0012
1 i 569.862 7.49
2 TR 3092.032 40.64
3 HEWR 927.6624 12.19
4 e 0.0045 0.00006
5 B 15.9597 0.21
6 AR 1.7046 0.022
7 MAPETS: 1007.417 13.24
8 earaathii 581.1318 7.64
9 Bl 4.1274 0.054
10 KA 1407.847 18.51
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Figure 5. All land use types in the Yellow River Delta in 2020
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Figure 6. Land cover types from 2000 to 2020
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Figure 7. Land use change from 2000 to 2020
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Figure 8. Spatial distribution map of vegetation height
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