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Abstract

Based on the Landsat TM/OLI remote sensing image data of the Yellow River Delta in 1998, 2008
and 2018, the temporal and spatial evolution characteristics of vegetation in the Yellow River
Delta are analyzed with the support of ENVI5.1 and ArcGIS10.2.2. The results show that during the
20 years from 1998 to 2018, the forest land vegetation coverage in the study area has been stable
in the third place. In 1998, the first vegetation coverage was reed and shrub vegetation, and the
second was cultivated land vegetation. In 2008 and 2018, the first vegetation coverage became
cultivated land vegetation, and the second became reed and shrub vegetation. From 1998 to 2018,
the largest change in the area of vegetation coverage was the extremely low vegetation coverage,
with an area decrease of 298.79 km?, followed by the high vegetation coverage, with an area in-
crease of 289.92 km?. The NDVI in the study area is generally high in the middle, low around, high
in the Yellow River channel and the old yellow river channel, and low along the coast. The higher
level vegetation coverage is mainly distributed in the study area, and a small amount is distri-
buted in the estuary area. The lower level vegetation coverage is mainly distributed on the coastal
beaches in the north and southeast, as well as water bodies, salt fields and aquaculture ponds,
which is consistent with the distribution of NDVI. The higher level vegetation coverage diffuses
from the middle to the southwest and southeast. The lower vegetation coverage spreads westward
from the salt field and aquaculture pond in the northeast. According to the calculation of transfer
matrix, from 1998 to 2018, reed and shrub vegetation, forest vegetation and cultivated land vege-
tation in the Yellow River Delta transferred to each other in space, among which the mutual
transfer between reed and shrub vegetation and cultivated land vegetation was more obvious.
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Table 1. NDVli,v NDVI s statistical table in the study area
Fz 1. W5 X NDViyiny NDVI e ST 3R

I} ] 1998.9.10 2008.10.7 2018.10.3
NDVmin —0.019608 —0.129412 —0.153254
NDV lmax 0.670588 0.552941 0.267471
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Table 2. Remote sensing images of the study area
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Figure 1. Land cover types from 1998 to 2018
1.1998~2018 £t Hh B 1 2 HI [
N P ) N Pl ) N Pl )
A NDVI A NDVI A NDVI
<> AH> AH>
[ 1-1--0a8 [1-1--026 [ 1-0.36--0.10
[1-0.18-0.18 [1-0.26-0.012 [1-0.10-0.007
I 0.18- 0.4 [ 0.012-0.25 [ 0.007 - 0.12
B o0.4-06 I 0.25 - 0.47 I o.12-0.24
B o0.47-1 I 0.24 - 0.51

0 510 km 0 510 km 0 510 km
L A 1998 2008 C 2018
Figure 2. NDVI distribution from 1998 to 2018
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Figure 3. 1998~2018 vegetation coverage distribution map
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Figure 4. The area of land cover types in the Yellow River Delta in each year (unit: km?)
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Table 4. Proportion of land cover types in the Yellow River Delta in each year

4. AR =AM FE BRI f

- 2R A 1998 4E 2008 4 2018 4
MELR 17.86% 15.49% 17.87%

KA 9.21% 7.38% 6.31%

PR AR 1.81% 1.47% 2.82%
#hH K IR b 3.35% 10.24% 15.77%
P T AR A 37.72% 18.59% 12.87%
R 3.75% 3.69% 2.48%

I R S 3.62% 3.90% 5.67%
HEHO AR 22.69% 39.24% 36.21%

WY 4 R 4 nTUAE H, 1998 4F 3 S AR B 5 UK, BT (5 R Aik 3 1287.80 km?, (5
FEIX - Hh 7 A5 2SR L5 37.72%; oA B AR 4, THIRA A 689.76 km?, (5 47F 7 [X - 7 4 28 73 LE 31 22.69%;
A /MR R B, o5 IR N 54.89 km?. 2008 4B i I AR B3 b, 8905 1166.50 km?, 15
WFFCIX - 3 78 4 K7 L 45 39.24%; LR TR N 552.61 km? (19775 25 M BEAR MY, 5 BT 701X - b 78 4 e iy
EEHi 18.59%: A7 T35 =47 (A R MR AR B, (B FTIX i 7 e SR A L 9] 1.47%. 2018 FAEA 7R 5 1HI X
BRI B, AR A 1117.66 km?, (5 HF 78 [X 4 300 7 1 2570 L9 36.219%; 45 AL Y 7 25 Mo iE A
B, SEFCIX R B R L 12.87%; R AR ARHIRE R, SO ALIX b R A L ) 2.82%. Lk
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Figure 5. Vegetation coverage area of each grade from 1998 to 2018 (unit: km?)
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1186.77 km?, HUCRPARMW B HEE, B AR A B AR, 5 R VR X A f) A v A o 7
FEE . ARAELA 7 55 5 . 1998 43 2008 4, A 55 B AR AR Ak B K IR R AR 4 7 75 152, DA 6.38% 13 &
W/ T 557.24 km?, HLUGR EE S5, AR N 50.24%, AN 5.02%, AN T 450.60 km?;
2008 “EF| 2018 4F, iyl o B IR AR R K R MR ARA W 26 P2, LA 8.179% VI3 BE 38 Jim 1 258.44 km?,
HUEARAE A 5, SIATE N-4.17%; M 1998 4E% 2018 4, AE 4% 7 o5 5 I AR AR 1b B K A S AR I Al e
WL, TR N-34.21%, HAFEN-1.71%, HHWKD T 298.79 km?, K& 5EE, UL 1.62%
38 P 8 T 289.92 km?,

Table 5. Variation and dynamic of vegetation coverage in the Yellow River Delta during 1998~2018

%< 5.1998~2018 FRI =AM S EHEEE BN THURETE

1998~2008 4F 2008~2018 4F 1998~2018 4F
b 7E 2
BRESEL e e s RS Ak s R B ah
1k (km?) (%) (%) (km?) (%) (%) 1k (km?) (%) (%)
mﬁf%& -557.24 -63.80 -6.38 258.44 81.75 8.17 -298.79 -3421 171
Hi e
ﬁiﬁjﬁ 145.79 37.14 3.71 —22458  —41.72 -4.17 -78.79 2007  -1.00
ik
EPE%EZ -82.23  -19.98 -2.00 169.93 51.58 5.16 87.70 21.30 1.07
BT
Fh v
-23.85 -5.09 -051 69.93 15.73 1.57 46.09 9.84 0.49
BT
'E’iﬁj& 450.60 50.24 5.02 -160.69  —11.93 -1.19 289.92 32.33 1.62
BEE
Table 6. Change and dynamic of land cover types and areas in the Yellow River Delta from 1998 to 2018
52 6.1998~2018 FFE A = MM L BHWAE MR TURETE
" 1998~2008 4F 2008~2018 4F 1998~2018 4F
T Hb B Bk
it WA Ak shdE AR AR sy ERE R HnE
b (km?) (%) (%) b (km?) (%) (%) 1b(km?) (%) (%)
MR -82.38 -15.17  -152 +90.94 +19.74 +1.97 +8.56 +1.58 +0.08
KAk -60.47 -2161  —2.16 -2470  -11.26 -1.13 -85.17 -30.43 -1.52
AR Hb A 4 -11.16 -20.33  -2.03 +43.26  +98.93 +9.89 +32.1 +58.48 +2.92
T K&
: +202.34  +19849 +19.85 +18259  +60.01 +6.00 +384.93 +377.60 +18.88
FEFH It
7
. ) -59423 -51.81 -518 -15521  —28.09 -2.81 -749.44  —65.35 -3.27
FEA
eSitl -4.32 -3.79 -0.38 -33.14  -30.21 -3.02 -37.46 -32.86 -1.64
j;j‘zgg\& +5.94 +5.40 +0.54 +59.03 +50.87 +5.09 +64.97 +59.02 +2.95
B
HEHbAE B +476.74  +69.12  +6.91 -48.84 -4.19 -0.42 +427.9 +62.04 +3.10
AR S 2.01 1.66 1.34
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RGP 1 A 6 FTLAE HE, 1998 4EF1] 2018 = 3] — 1 P X AH 1 78 75 IR AR A7 7E A8 k. . 1998 4E 31| 2008
HE, WHR X BRI A Y 2.01%, 2008 4EF)| 2018 4F, WFFTIX HIRAKShASE A 1.66%, 1998 4F] 2018
WX AR AT Y 1.34%. MBI R R AR R, 1998 43 2008 4, ALH# Ny 69.12%,
S, FAEN 6.19%, iU LL 6.19% N T 476.74 km?; 2008 4EF) 2018 £, #F
R B AR A2 N -4.19%, 2R, H MRS, Zha&EEN-0.42%, HHEdi Pl 0.42%1)3E
JE R4 T 48.84 km?; 1998 £EF 2018 4F, #HFHUFEAE L 3.10%[KI5E B3 b T 427.9 km?; B LLZE L — 4R (],
A P TARTE B - TR g in. 25 REARR A AR RS, 1998 4] 2008 4, T
AL Z N -51.81%, SR, AL 5.18% 1 B % /> T 594.23 km?; 2008 4F# 2018 4F, 3K
FERHE B (A4 2 N-28.09%, 2 TFIFEES, ZhaSJEN—-2.81%; 1998 fFF| 2018 4, 3 JHEAEA LA
3.27%E I/ T 749.44 kP BT LATEIX 4R b, 73 EAAE A THIARAE R BE - R PR TR
BRI B AR AR LSRG, 1998 4 F) 2008 4, AB{LE -20.33%, 2 NFEEH: 2008 43 2018 5, #K
M B ALy 98.93%, b THEAA K s 1998 4EF] 2018 4, FRHMAE# LA 2.929% 1 B I T 32.1 km?;
PR AEIX 4 B],  ARHRE 4 EARAE T % - B g i .

4.2. RiN=ZAMNEHZEIRHFHES

FRAE 14 L(A)~(C)IX 3 il =Ml L R A, FRATRTLAE Y, AR R b 3 50 A1 T 20T = Ay
PRI R o M X, 53 BT 0 S W PR o % 2 R HE AR WY 1998 4E A TR AR B, = AN
TR E S, 2008 SEAN 2018 4 = A YN P EB K = SRR Kb, FE AR AEE B LA IR
TR N TR, AR A0, RIS T8 S5 VAT = A I PR 30 110 0 % 2 v P bR B b A 8 B A o Pk
PR 5 R AR AR, AR = A PR MR 4 N AR, RBUCEEN = AN k. DA AR 4
NTTHR, B DATESEIR I 1 DX I AR ORGP X N9 2l 350 BRL i 43 A TR AL [19], {H 1998 4% 2018
X AR, MRHBAEAA SN R SA,  EE A T B SRR DX BT 1 B BT b R O D S A
WHCE M, 580N R R E[16]. B 2 IR, ZAFFEIX NDVI Sk B2 e, Bk, #Eim
TG, BEHOE S, R AR, X SRR TS R —8[15]. NDVI 548 3 oA 78 K44
WS BRI R IR0, 7F 0~1 XA E A fEMI . Bih. 752 AR . K 3 aTE S, Be
SRR E 5 R B AER X R, DB AR DX, SRS RO 55 R A el
W AREIERIUTE MR b, 5SS AR 1], DLEOKE. EhH R FREINAL, 5 NDVI 4 i
BT —8, BEEREE S R PR . R BT YR, BRSO RE A 5 R R AR A R
FH % 775 b ) P

L 1998 4 f - i 7 4 KA B O RT— AR, LA 2008 4 [ b g 28R R fE — I AR[21], 7F ENVIS.L
f{)32F5 T » FI ] Change Detection Statistics Zhfit 115 1998 £E 51 2008 4 3 7] = 1 I -+ 78 9l A R L L 55 bt
(#7).

Table 7. The transfer matrix of land cover types in the Yellow River Delta from 1998 to 2008 (unit: km?)
7. FA=faiM 1998~2008 1t K HKRIEREIERE (B AL: km?)

S LIR WEAE R

T 1998

2008 M IS s VR Ak RMRERE  BRbRERE  HO
WEVR 44.85 2.56 0.37 38.65 0.00 0.68 11.37
KK 66.04 0.56 2.14 27.28 0.47 6.32 2.31

#h H % IR 69.22 19.39 1.09 101.60 0.00 1.68 20.24
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G, B

Continued
IR S
VI 1.92 5.96 1.26 30.50 0.47 13.82 7.39
PR K
. ) 11.93 20.60 1.89 5.10 7.34 29.74 22.68
HEARE Y
MR HBAR B 0.00 0.75 0.00 0.05 8.18 4.45 0.02
FoAiLLER 3 0.81 28.89 2.60 42.98 423.46 15.95 26.88
BRI 1.97 7.77 1.98 4.35 62.03 0.37 8.15

SEA UL B HTRIEE 7 T kD, 1998 4FF| 2008 4, P KIEAMEMKEIRD, B OB
15 423.46 km? (17225 S EAR MM S5 T Btk g, IR, 47 101.60 km? [ 2 SOBEACKE B 6 A8 A T 36
K2 FR 5, 75 25 AR M0 N BBk KA. ek, BB, (B8 AB, TR
T X4 TR 20 K R/ 0 3 2 D DR o P AR 0l A0 %% 2 BB At , 5 15.95 km? 575 Ak AR o o
BE AR Bl 1 32 TG H 7 R SR R R B . O SRR B, s T 13.82 km? I 29.74 km?, L
FENT TR A HEARRE N, A 423.46 km® (97 25 S HEAHKE G N BF R 4, B LR A 2 o T R
A, R, FEZTAERE AR AR R I . SR, X A R 3 R W 7 R TR K D
P AR A 78 o AR RN, RN 2 KRR

PL 2008 4 ) - 78 g 25 O — I A, DL 2018 SRR 78 g SR O R — A, 7E ENVIS.A
) FE T, FI A Change Detection Statistics JJ g 115 2008 4 £ 2018 4F 3 7] — A P 1= 1 78 4l SR A F2 46
B (% 8).

Table 8. The transfer matrix of land cover types in the Yellow River Delta from 2008 to 2018 (unit: km?)
8. EW=fuiM 2008~2018 b B K AGEFEAEME (AL km?)

T 1998 ., HEEF  WRERE SR ‘ , ‘
T~ \X ‘/\ S N N
2008 ~_ LR TR - e A MRHAE R B oSt
Mk 52.94 9.53 2.61 22.85 0.06 5.43 9.53
KAK 16.73 0.63 4.78 24.61 0.35 20.92 6.71
Eh T K SR 21.44 12.14 6.01 110.36 0.01 60.52 16.59
IR
VA 0.94 1.49 4.34 2355 0.21 57.87 14.30
P&
. ) 51.85 19.96 7.01 9.00 1.26 4357 32.49
AR
R B 0.10 1.24 0.28 0.79 10.69 37.87 0.81
H A B 0.58 5.96 10.75 19.84 121.01 6.23 26.73
i Hh 9.62 12.93 20.58 1.23 14.35 0.42 13.76

5V EMT A 8 RTLLRAN, 2008 4EF) 2018 4F, I RBEREMIKIR ZE D@, SR

[f]5 1998 45 2008 fFEHEA 5, EEFPHAE A IR 1, 2 B T 121.01 km? A1 110.36
km?, AN FEOR F MR KR RO B AR . MRHbRE B 10 D, A5 37.87 km? OB A 17l
PRI N o BF AR T2 o 7 25 SRR . BRI N, Rt 7 102 T R SR R TR AR . SRR
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BHEA, HAF

FEHIIL 73 SR AR AR 4

MEEVE LR, B =M 1998 -2 2018 4F, 2 MEEAMAH . MU HAPE R4 =& fE 2 [H]
EARERRs, Horh 3 LA B R A (R A LR RS BN B . BEE 85RO, I TEIX
SRR R A R P R R SRS T BB RGN, KR 35 S AR 17 6 B R SR T . B R e 72
TR 2 S HEAR RSO B, Bt R A i AR K i S

5. &g

ARSCNF 20 AR 3 Fe BT = A INRE ISR BAR AT T AR BT, BRI T 1 X 1) L b 4 2K A AND VI
T WL T, 35 TA) = A AR I 2 SRR SEAT 7 T, 458

1) PE VAT = AR AR I )5 Ak R AIE - 1998 4F FI| 2018 £EIX 20 4F ) A 5t [X. i Ak b A e 78 o T AR — BL
FaEALE S =07, 1998 HF- Bl 7 o AR B8 — AL 2 7 25 JOEARRE A, 28 A2 Nt ka4, 2008 4EA1 2018
CERE WG 7 A TR R — AL R A, B AL R SRR . AN 1998 A F| 2018 4, R BE T A
i T AR AR A B R ) e W A 0 78 2 B, T Rk 1 298.79 km?, LR A 3, DL 1.62% (15 i
W7 289.92 km?. 1998 4| 2018 4 ] = A1 I AN i 78 5 I ANAEAE AR Ak, BE R Bl O THT R AE T -
NREREIA RGN, 7 R A T RALE TR - R BRI b, MR TARE N R - BT
(ORI

2) BRI = A PR S RN REAE . B AR B 2 B A T ST = AN P BB A M X, 500 B VAT
FRICR AT . 25 RORERTEAE 1998 S AT AR A, = MMM E RS04, 2008 A1 2018 4F =
FUN PR 0 7 25 OB RE R R Bk, 2 B A AR 2] B I L R I E I NI AR 5, AR An, [
N 8 VRT = £ U A 0 I L B S A FH R R B rh R . MR R A S s, FEA T H
SRR DX R VAT 117 B 3l 3 V] 2 o 0 866 DA P R ST O B . i F 75 X NDVI S b 2 s, AR,
TS . ST HOE &, TR AR R . B S R R R B R R A AR IEE AL N, DB
TR AHLX, BRSO E A 2 EE RIS RE SRR b, CURKAR . 3k & 75
4b, 5 NDVI AT T—5, Bom S RN & B i m v g . AR 7 B, BURSEkE v
2 FE B ZRAGTR ) 3 R IR B b m P e @ R R R A BT = A 1998 R F 2018 4,
JCREARRE A MRHWAE B AR A = 3 TR 2SR DA B RS, o rb 7 35 R E A AR ot R B b A At 2 (] P 4 L

RO .
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