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Fig.1 Sketch map of the study area
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Table 1 Indicator system of driving factors
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Fig.2 Map of land use in the study area in 1990, 2004 and 2018
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Table 2 Areas of inflow and outflow and net area changes of natural wetlands in the Yellow
River Delta in 2018 compared with those in 1990

AR R gﬁgjﬁf% iﬂfﬁ{fﬁ%ﬁ%ﬁs RAGHT 2 (k)
RCI/ 42.7 63.1 -20.4
WU 245.4 600.5 -355.1
TBPEAL A 225.9 522.0 -296.1
Pl RS 284.5 129.9 154.6
= 798.5 13155 -517.0

T3 1990 55 2004 F 3R = A & Fp 3t F) B A B B 0 T FREE FS RE RS

Table 3 The transfer matrix between areas of various land use types in the Yellow River Delta in 1990 and those in 2004

) P BT B (km?) .
i A jeianaichail AA b RIRTTHY AN LigHh i)

Hrit 1467.0 7.0 133.9 21.4 137.4 70.6 1837.3

Sl 29.5 103 2.9 — 3.1 0.2 46.0
B 18.6 — 248.9 22 19.8 0.9 290.4
R 552.1 103 72.7 75.7 2723 284.8 1267.9
RIKRIH 127.3 7.7 5.0 322 1643.0 210.4 2025.6
AT i 12.2 — 6.6 1.7 11.4 185.2 217.1
&ilkm’) 2206.7 35.3 470.0 133.2 2087.0 752.1 5684.3

F4 2004 FE52018 FEN = AN F AR R B Em R

Table 4 The transfer matrix between areas of various land use types in the Yellow River Delta in 2004 and those in 2018

A A SR I (km)
it (km?)
Bt At B A F b RARRAH AT i

B 1881.8 12.8 109.3 20.1 101.9 80.8 2206.7

Mt 5.5 1.2 — — 18.4 0.2 353
BB 23.7 — 4183 4.5 17.1 6.4 470.0
RA 33.8 — 10.5 5.7 19.2 64.0 133.2
RIRTEHE 165.2 22 62.8 53.1 1342.6 461.1 2087.0
AT 28.6 — 249 25.7 9.4 663.5 752.1
#itkm?) 2138.6 26.2 625.8 109.1 1508.6 1276.0 5684.3
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Fig.3 Map of transfer between various land use types in the Yellow River Delta in 1990 and those in 2018
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Fig.4 The interpretation values of 12 indicators for the

development and utilization of natural

wetlands in the study area
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Table 5 The results of interaction detector of 12 indicators

X1

X 0.361

X 0.385 0.254

X 0.375 0.286 0.216

Xs 0.485 0.394 0.336 0.297

Xs 0.493° 0.424° 0.410 0.511 0.393
X6 0.451° 0.378 0.329 0.475 0.507
X7 0.450° 0.369 0.325 0.478 0.501
Xs 0419 0.340 0.295 0.371 0.462
Xo 0.413° 0.343 0.294 0.373 0.470
X1 0.446 0.373 0.369 0.458 0.497
Xn 0.417 0.552 0.310 0.552 0.454
X1 0.516 0.454 0.413° 0.575 0.526

0.301

0.306
0.304
0.306
0.306

0.480
0.573

0.296

0.306 0.266

0.304 0.274 0.265

0.305 0.304 0.306" 0.290

0.457 0.457 0.459 0.494 0.234

0.539 0.562 0.551 0.556 0.494 0.402

s Bl AT A RRR S A DRy i i, Fe A EARE A2 P i


Administrator
高亮


610 W

B 18 %

551 5 e 1 R B 3 T A 2R 1 A A0 2R A R SR T
L5 5 4 1 R B, ST R SR U b 4 R R 1) fie
BFEEAE 73 5124 0.575.0.573.0.562.0.556.0.552.
0.551.0.539.0.526.0.516.0.511.0.507 #10.501, 4
WP/ AT, KRR EH S 2 O ALS
g 7 2 1) B A AT I X R AR I i T R R 1
FIRBNFEFR . R AR 5 AT Y BE B AR SRR H
5 280 B BE RS 22 AR ok, HUCHE IR
AR REA R ANE R S £ B O I EE &, S 2
BIF 0 X e B S (R R K A 25 R, 5 B VAT 1) e 2 L
I B R AR HE, HR KNG AR 78 2, G T RN
B S A . [ R 77 S R R B S 2 0F
K e B B4R bR, &5 1) R A A5 N85 30
JEE AN T3 0, JH X SR SR A M 4D 52 i R R AN BT oK
DAL 1, R A A 5 9 i 7% P 8 R ] R A 7 A AT
DARE AR A AT X R SR 0 i 4 R FH ) 222
HBhFE AR, AR AR 5 2 b0 1 FE B —
YEH, SECR SRS T R FIH o
30w

WEF W, SARAR A L5 R R KT ATRHE 7K
P25 R R AR MG 4 VT 1 R ARV B A0 Y = B K B [R]
70 N3 GDP K= P E AR R N B S5 4k 2
2% IR R RV R SRR R AL (1) 32 3 R,
G/ TN T w1 £ B b P E g
AT = A I R SR 1 20> (1) 3 22 L[R2 M U
IR | SR V% B A a8 IR VL = A1 PN R SR VI 1
AR BERER R dmIkn] W, 25 R EKF . H
G N A 2 A5 R RS B2 T BRI R
SRIBHIR DI E S IR . SHeERBX A,
T = MINE R E SN A S | R, i =AM
ARG EA BENH AN, R E AT 52 23800
A 55 H SRR R (P R A5 e . ASHI 7T 45
R, RINEH S £ B A O FE B RIAEH 5 i
R 2 1D P 5 TV = A W R AR b gt T R R FE
T B AR, TR R AR H 4 T R )
() B B OX B FR AR, ARG Hh 5 B IR 0 B A I IR
A E R EER IR . Hrph, RIS
2B R B B L R SRR H U R 2R I B S AR
SRIEH 5 B ] () PR B AR B X ALK R, R
H AR IR L R 3=, 1X 28 R 35 A2 5 B0 I = M PR AR

T A R I P A S IR B I R A R
201 G S N O A R 2 S 3T A
i, 20 140 60 FEAR 2 80 AR, ik )3 FH () R B 5
HC I TIT R T TR S ST, 8 15 T = A I R A
SRR B mIEIE, B2, R EI sth Lid
O X R, 1 X AL T AL S A K R 2R T
W, 4122 20T IR 2T 9 IX R SR 1 R gt T R 1)
R BE AR XL/

R (1) X AL 26 A R0 B SR A 5E F B0 7 X R 4R
M R R MR S, BT R AR BB
G, T LTI, Bl 5 A 7 IX A 4 G2 B /KPR 4k 242
TE, W RA AT N AT, AR H0 R AL I R
T FRLE . RRPAZIENE“TERIY R, 7EFHF K
Hr R (1 SR 0 B BT = A R LR R
(R 5E 58 38 A1 S » B 06 35 7R] = A TR AT %
P SIS 2, KR AL X 108 HL AR B T
VE 75 B 1 AL R X R SR TR M F 3 5
FEER A BRI, IR sk T — s s 1), ™
SPIRHL ORI 4T 2%, R AR IR M ORI 5K 2 A 7
JE B 7K B VR S B S I = A IR R AP E R AR AR
Z 12 AR ST ANE S L, R, 72
S E BTN A A, AT E A e R S )
1] 5% 0 1 A 7] 7 1) A1 ¥ i AR R 3K A ] 8 7 4 £
HEAT ] 53 0 b 2 el S 8 A0 o] 3 LR AR 3 1)
B FH 2 AR R 75 OV (1) 1)

AHIE FE N F B R B 0 2% O VR A7 AE — S
B, RIUAL S 1R O B DR R AR AR Tk RIE A 523, KA
0T 12 DX R SR I M Vo A0 R 688 7 A T 5 T 1) 2 V]
Kb SRR 2R s B0 o G VRN B R 1)
BB AR B B — E B, SR T T 4 R
(ARG P 7= AR R e 5 %o BRI 28 AR FE ML) o A7 7
S o AT DA S H ER R W B 7, I e —
RN FC
4 45

551990 FEAH LE, 2018 4 H4 ] — A1 PR SR I L
TR 2> T 517.0 km®e e, JA] 8 T AR 9 2> T
20.4 km?, LR H AR /D T 355.1 km?, 783 40 5 4
TRk /> T 296.1 km?, 3T G i e T AR B T
154.6 km’.

551990 FEAH LE, 2018 4, 7EHF 78 X PH AL HE - =



534 FLARAEEE : 1990 4 LR 3 /NI T3] — A IR SRR ) o A S AR RS R B 611

b FRAN A B v i X3, 5 R e A B B B K
o RARTE AT RN TRt , 55 i 2 28 1) B
T8 ) DR 4 R SR i R R B ke R A
Mo T I R SR M T R DN 3 ) A A T
FEDXAR B AR AL AT PHAL 5, 50T A AR
AR LY, 73 A Vi el B ST Y B X

KRG 2 H P ORI KRR 5 i
Ji 2 1R B 2 H AT R R T ) 3 3 Bl 4R AR,
BRI R IR IR AT R A ) L B AR A R
R AR M55 TR AR B R AR 7 R AR
AT R ) G B bR o S = MR AR
MM KA 0 £ AR E R R O B AR X A7 28
TroKP 2B XA AR R 3R

27 3Lk

[LTER U BT = A I T R OISR S 5 B VAN BT 9 (D). 75
By: P IR, 2009.

[2] %W, FEVAT = A P K A2 25 R Gevs G iR AL SR 2 ST 49
SSWERD]. H & b PR R, 2015.

[3]ZHANG X Q, FU X S, ZHANG L N. Ecological vulnerability as-
sessment of estuarine wetland of the Yellow River Delta[J]. Jour-
nal of Interdisciplinary Mathematics, 2016, 19(4): 771-784.

[41HEEE, /TI0ET, TIRTA. 1973-2013 4F 8 JA] = £7 P 75 Hb S5 00 3 48
KB I[]. AR, 2016, 36(4): 924-935.

IR PR LA FH S [J]. B, 2020, 42(1): 104-114.

[6]GUO B, YANG F, FAN Y W, et al. Dynamic monitoring of soil
salinization in Yellow River Delta utilizing MSAVI- SI feature
space models with Landsat images[J]. Environmental Earth Sci-
ences, 2019, 78(10): 308.

[7THAN M, NIU X R, TANG M, ef al. Distribution of microplastics
in surface water of the lower Yellow River near estuary[J]. Sci-
ence of The Total Environment, 2020, 707: 135601.

[BIZRZ A, THE, 878, S5 300 =M B R 3) & 3548 &
HIRB) (1], &2, 2011, 30(7): 1535-1541.

[915% 755, XU, 77 T R, 5. B0 = A P st 0 A% S 2 A 48
A BT[], HEBRAE ERL 244K, 2009, 11(1): 91-97.

[1O1RIN, AEAFF, FA, 5. 6 AN I HH T VAT = P I 3 5 25

FL[]. LR, 2017, 15(2): 179-186.

[T, i . ARSI = 1 A B R TT AR F M. 5%
B LR R R, 1995,

[121FLRAE, 25k, B, 25, 1986-2016 4= # = F Y L3 F/
BT A KA S5 23 DT [3]. VB Ml K 2 540 (SR RL ),
2020. 40(4): 122-131.

(13157, 5K n, P, 55, 22 T IBIB AR B0 = M e i 5

VAR S B 2 PR 22 20 AT [J]. R0l A2 224k, 2016, 32(s1): 214-
223.

(1470351, B, i, 45, 38 T iy B PR 25 (10 v P 1 A2 AL i
B8 BT[] AR ARG R 22 24 (E S8, 2017, 49
(2): 127-135.

(1517 42, 3 P, £00A, 55, 40 30 4Rk ptidt S i X I M s 0 A8
I B IR R [J]. 2L 4R, 2018, 38(12): 4492-4503.

(1617 = e, FLAEAE, #h3%, 4. 1986-2016 4= 3 i) — ffy il i e K 4k
Ak K LR EN 7350 BT (0], Ol TFE 4R, 2019, 35(16): 105-113.

(171 S, TIPS, S90S 30T A X3 M AR A 3 Br —— DA ¢
TABI. BHIERNE, 2010, 32(4): 712-717.

(18] T, B BEARYL « R AR, SKSEHEIL » KPR, 45, T T
A% BT B VE G T 5 X T b 7 Bl R Y s AR AR T
—— DA SR AT T A BI[I]. TR IX HBE, 2018, 41(3): 625-633.

[19] L 2hid, FRpZR. BRI &5 R B 5 R B[], Hh B 224, 2017,
72(1): 116-134.

[20]WANG J F, LI X H, CHRISTAKOS G, et al. Geographical detec-
tors-based health risk assessment and its application in the neural
tube defects study of the Heshun region, China[J]. International
Journal of Geographical Information Science, 2010, 24(1): 107-
127.

21105, TRBL, XIH . 1976-2013 4 = J1F 7 500 A2 245 KU A8
b B IREN F3[0]. FEAS 2R, 2018, 38(11): 3729-3740.

[22]DUAN Y Q, LI X, ZHANG L P, et al. Detecting spatiotemporal
changes of large- scale aquaculture ponds regions over 1988-
2018 in Jiangsu Province, China using Google Earth Engine[J].
Ocean Coast Manage, 2020, 188: 105144.

2318k = K&, AR B, E o= U, 55, 1985 4R 712010 4 o [ ififg £
ANFRGE M RE R I [T]. {222, 2016, 14(6):874-882.

[24]fi e, i, ARMR S, 45 PSHVT N ET R S AR JR 2 A5 L
SEHTL. il R E 2R (B AR 240R), 2009, 48(2): 113-118.

(25174 PRIUE, BRUEIE, VK, &%, R X MR A KB R 2
GIAT[I]. FREERRE AR, 2012, 32(2): 480-488.

[26]5 3%, #1525, ENIAE, % 20 40 60 FEAR LK 6 M KL=
SHHEE R AR A0 B LIRS PR KA AL D). $R R 2, 2018, 16
(3): 303-312.

[271H 55, k37, BB, 4. 1980 42 LK 5 AN BRI = M T
SR R B LA AE[T). SR, 2019, 17(5): 559-566.


Administrator
高亮


612 TS < N & S 18 %

Distribution of Natural Wetlands in the Yellow River Delta for Three Periods
since 1990 and Driving Factors of Their Changes

KONG Xianglun', LI Yunlong"’, HAN Mei', TIAN Lixin', NIU Xuerui', ZHU Jigian',
WANG Min'"?, HUANG Shuping’
(1. College of Geography and Environment, Shandong Normal University, Jinan 250038, Shandong, P.R.China;
2. School of History and Social Development, Qilu Normal University, Jinan 250200, Shandong, P.R.China)

Abstract: Data of Landsat TM/OLI images of the Yellow River Delta in 1990, 2004 and 2018 were obtained
and the information of natural wetlands were extracted by the object- oriented classification method. The
spatio-temporal dynamics of natural wetlands and driving factors of natural wetlands' changes were analyzed
by methods of Markov transfer matrix, grid cells and geodetector. The results showed that area of natural
wetlands in the Yellow River Delta decreased by 517.0 km® in 2018 than that in 1990. Among which, the areas
of rivers, tidal flats and marshy meadows reduced 20.4 km® 355.1 km® and 296.1 km’, respectively. The area
of coastal waters was increased 154.6 km’. The developed and utilized natural wetlands were mainly
distributed in the northwest of the study area, northeast and eastern of coastal areas. Its distribution area was
closer to the coastline than the new natural wetlands. The main driving factors for the development and
utilization of natural wetlands in the Yellow River Delta were natural location (the distance from the natural
wetlands to coastline and the distance from the natural wetlands to Yellow River), economic level (gross
national product), economic location (the distance from the natural wetlands to center of town) and natural

environmental factors (soil type).

Keywords: natural wetlands; spatio-temporal distribution; geodetector; driving factors; the Yellow River Delta



