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Abstract: The Yellow River delta is one of the most active regions in the world, where wetlands play a significant role in
balancing the regional eco-environment. However, in past decades, it has been subjected to severe disturbance by nature
and by humans. Thus, it is critical to figure out what changes have occurred during this period and what could be done in
this region now to protect the local wetland system. Therefore, in this study, we took Landsat satellite imagery from 9 years

(1973, 1979, 1985, 1992, 1995, 2000, 2005, 2010, and 2013) as data sources to build wetland thematic databases
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using the method of visual interpretation. Based on these databases, a Surface Wetland and Construction State Index
(SWCSI) was constructed to indicate the state of the land cover. These were combined with Yellow River runoff and
sediment data, regional precipitation, local GDP, aquatic product output, and crude salt output. Then, the driving forces
and corresponding spatial heterogeneity of wetland variations in the past 40 years in regions of the Yellow River delta were
quantitatively analyzed at regional and pixel scales. From this research, we concluded that the area of wetland in the Yellow
River Delta declined during the years 1973—2013, accompanied by large-scale conversion of natural wetlands to artificial
wetlands and non-wetland. In the past 40 years, the area of natural wetlands decreased by 42.67% (‘annual reduction of 30.
58 km®). In contrast, the area of artificial wetlands increased by 490.52% ( annual increase of 24.47 km®). As a result,
the total wetland area was reduced by 7.99% (annual reduction of 6.13 km®). The variations of wetland in the Yellow River
delta showed high spatial heterogeneities. Wetlands in coastal regions experienced artificial enhancement or wetland
degradation, while those in estuarine regions experienced wetland construction and development; however, there were no
changes in the western and southwestern traditional farming districts. On the regional scale, GDP was the dominant driving
force for wetland variation in the Yellow River Delta. In the past 40 years, intensifying human activities and decreasing
Yellow River runoff and sediment made a number of important changes ( decreases in natural wetlands, increase in artificial
wetlands, and degradation of regional wetlands) more serious. In contrast, a large area of natural wetland was constructed
and developed in the estuary of the Yellow River because of the continuous runoff and sediment supply, although there has
been an overall decline in these factors during the past 40 years. Therefore, the Yellow River runoff and sediment still
played an important role in the evolution of wetlands in the Yellow River Delta, but this role was not very significant
because these influences were regionally limited. The influence of regional precipitation on wetland evolution was extremely
limited. This was perhaps due to the severe dependence of the regional wetlands on runoff. At the pixel scale, the driving
factors of evolution of the Yellow River delta wetlands showed obvious spatial heterogeneity. This was mainly due to the

spatial heterogeneity of driving force factors themselves.
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Table 1 Information of the Remote Sensing images
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Table 2 Non-wetland landscapes order sorting table
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Landscape pattern Sort order Total order Ordering instructions
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Table 3 Artificial wetland landscapes order sorting table
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Landscape pattern Sort order  Total order  Ordering instructions
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Table 4 Natural wetland landscapes order sorting table

SO HEF §58i1352 NDVI HEF HeP UL

Landscape pattern Sort order  Total order Sort order  Ordering instructions
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Table 5 Data interpolation

PR AR MR T (x: AFGY, y : H A km?) R?
Dependent variables Regression equation( x;year,y:area/km?) R Square
4 SR 75 H1/ Natural wetland y = 0.031857863x> - 191.6757074x> + 384351.2248x — 256860178.1 0.979
A T EHs/ Artificial wetland y = 0.515273239x% — 2027.510981x + 1994636.432 0.983
12 b S THT AL Total area of wetland y = 0.028534364x° — 171.2872485x> + 342713.5013x — 228549866.2 0 .887
R A TREHH Surface Wetland and y = - 0.8387531142% + 3314.616811x - 3270100.233 0.975

Construction State Index,SWCSI( * 10000)
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Table 6 The area transfer matrix of wetland landscapes ( km?)

1973—2013 AR T35, N TIRH SRS Bt
Non-wetland Sea area Artificial wetland Natural wetland Total
JE¥E i/ Non-wetland 2803.31 7.88 192.07 198.33 3201.58
338/ Sea area 53.97 6799.10 25.38 472.96 7351.42
AT/ Artificial wetland 102.05 0.00 79.29 18.17 199.51
H A8 HL/ Natural wetland 835.76 195.37 881.40 953.94 2866.47
31/ Total 3795.08 7002.35 1178.14 1643.40 —_—
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N b P 33 I AR B0 A 7K 28 10 3 R R 88 T T ARG 14 K 0 40 AR (R], K R T TR 55.35 ke 31 3]
431.43 km®  H8K T 779.46% ; 1 W8 H i AU B 1973 4R AL A 18K 3] 2013 4FAY 405.90 km® | H 3548
PR KR (E 1-b) .
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Fig. 1 Area change of wetland landscape in the Yellow River delta during 1973—2013
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Table 7 The area transfer matrix of some typical landscapes in the Yellow River delta during 1973 and 2013 (km?)

1973— 2013 L1 L2 L3 L4 L5 L6 L7 L8
L1 79.96 81.62 17.15 14.37 143.35 160.42 33.05 166.67
L2 77.58 6799.10 4.49 27.18 15.35 6.04 0.66 421.00
L3 0.28 0.01 2233.19 22.58 73.17 8.22 10.33 286.80
L4 38.13 2.55 126.40 33.70 73.99 75.31 34.53 153.09
L5 0.30 0.00 24.95 0.63 16.28 0.36 2.20 10.64
L8 96.78 119.07 579.22 75.57 164.63 155.56 87.00 —_—

L1 B HRZE AMIVE 3 ( Seepweed Tamarisk marsh) L2 ;38 ( Sea area) L3 523t ( Dry land) L4 ; 25 5 AR MITA 3 ( Tamarisk reed marsh) L5 ; 7K 30 I
(Reservoir) L6 ; ¥ [ ( Shrimp and crab farm) L7 ;35 [ ( Salt pan) L8 : HiAth ( Others)

SERR L, ] = A A OO AR 7E LA SCRT A A B AR AE A IR, B — R R B (] 1-a 1-
b) o XN B AR AR B = AU A SR 5 A S G U R B BORR AR (4 LA S B R A 43 BT X 26 B B AR A A Bl
FUHALKT HIR S R A A URIESR , BR TR0 MELATEE , B 55 SO It A TR A A AiE
3.3 HETR) A U S LT AR R A Y 2 ) S

40 AF[A], SWCSI FEHUEA R 2 N ( y = - 8E - 052" + 0.3315x — 327.01,R* = 0.9755) , F B #i]
=AM AR S N TACFIR R A Ty AR (R SR AR A 7E 3 R 2s 22 5 MERE AT =, 200 = A
PHE T b DX DN T ARG 3B A ka3l 3= | SETa) A 101 11X LA TG i Ak R 3y = o 7 360 AR G i 9 4 G e B X
WA T AR,

AR TR e R T2 B R AR AR 1992 A HE N7 B ET = AN R G SRR IX P, LAERA T BT AV 1 o
AT A X R S D o A P (8] 2) | A DX AT ZF 2 A, ST 1178.95 km®, (5 B9 DXL 1T AR
M) 16.64% , &R LAY X 6 DI, DA In) 2 25 VR I i A d5e ok B35, 40 AR, [n] 2 =5 VR VR BT AT BLE
705.95 km*, HURE [ BB AR MITA PR (461.84 km®) FIB % HPE (456.67 km®) Y%L A L JEVDIEMENR FI P 25
MR P A BT AR A A, 230 Bt A 440.13 km®F1397.26 km? S BEEI f95E A TR (5 42 3090 2k
T BT ATRIFRY 90.83% IR HOR R | 1 b 7 A 00 b i R e R, BRI H3K 449.27 km®, K2R 10
JOT I T 1ol 10 b 2 7R ) P A | SRR ) 250.96 km® PRI S8 0 34 VH 5 ) S B R0 VA VA S R A A e 4
S0 229.91 km® 5 [FIE A0 A7 AE A M ] AR 0 e Ak | DA b o) 2 35 TR R Ao 3 BRI R
AN 196.38 km? 1M Ak B33 Pl (S B A AIE % 2 A 9B b A IX dul 5 O S PR A6 R AE VR SR I, BT K 0 B
1 i 2 B A ] = A N R SR AR L T VRSN T
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Fig. 2 The Yellow River delta landscapes evolution trends during 1973 and 2013

S N T AR R S 75 B X B3 23 A7 | THIFH 2488.77 km? , (5 BF9E X S R A 35.13% . 43785 T X Ff T
AEBZRAC Ty ) AR I o) XA N T ARS8, B P S DAACHIX ] 14 DX P 3 S 4 X 9K
R S A RN T AR R N T AR A X 2 X, DA ) SR e Aol B3, BRT R AT BLA
777.80 km? . FLURE K FESTIE IO A, BTN 431.70 km?® . [F]IF, A077 75 6] MR B8 b B RN S b 1 5
T AR B, 0l BB AT AL 341.83 km® [ 148.46 km® A1 161.29 km®, [i] b3 =R AG 4640 7 i) A T Hb
FAE N S R AR 88.39% , T HORIERT | I — 212k F A =B IR A B AMINA P 1) 5 Hb K R ST
TR [ 2 4t | BTG e TET AR 902.91 km?, LU 3 G5 AR MIVE P 1] 1R = 38 i B e, SR e T AR
209.31 km®, AMEF H WFFE X & AR T AR DX 3 A 55 08 36 A8 = 2 2 bl ARl /K 5% IR 2 4 BUR FK = 751
| O I S R VA 11 T N s NS SR ) AL g [ O P

4 RMSEIERTHIEIN S

4.1 XIEE RSN T % wa T

TE SPSS A6 SR T, LIMFSE X A SR T A A T3 e g AR B DX 3t b, i AR 9 T Vg ./ L TR
BHEE(SWCSI) R Az & Sl i & (X1)  F b (X2) , Bk i (X3) , GDP (X4) FIK ™ ft ™ 5 (X5) i H
A AT ZIC AR G5 3R 8, XA R TR I, FE REI R T 0.950, H F > Fy g, (5,29) =
5.59, PEBERER P < 0.001 , 4% [0l AR R 44 R i 2%

WHE 25 A AR E RECAHER IR IX GDP 3K K™= F2 580 & 24 50 A SR I s /> N T3
B0V T RO D A X RS N T AL SR iR A A i BN 2K GDP BRAE 18 b 5% 0L i A
THAE TP B DTRRAE D TRk ™ A 7R AR WM T FR AR fh N TR T AR AR AL DL R SWCST AR Ak ) BTk 3
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iR, AR R XHE R/ NEITE 0.400 DA ~F-4435 0.477, RTUL, GDP X 8 ] = £ P 3t 554 0L 38 70
ETAEM SR A VA A SRR T el D AT T DX MACIR 25 i P A A R 1Y
PR R NS BT = A A 500 B T 1] A R 0 T AR Y R i i s 3 A e, O Ho Y
VRSB IR K AP FE , JEFHR K ER -, BEIT e HER A A R G R e, SR, NFSE IXRE AR T, BT K b
XA R 55 TAL PRI R, — S A JEUAE 2R A8 1 AR UK S ) B ORI A Jm A o 2 i, {EL
SRR | TR R B S 0 %R A Jey B BT SR PR S R 0 DX K O B 9 DX e S5 R A R 3 11
SRR HAT R AR e R X HE IS AE 0.01 DUT , HAE— 2645 R v 8 7 -5 38 3 A RS R AT B9 3K 30 5 1) 69 1)
R, AR R IR ) = A N N UL R AR AL 5 R K e 2 TS W AR DG OG R Y TR A
F Az i 5 25 9K 3 g R 5 A LA 0 A 25 2R A L, SRR N TRZSHE B (SWCST) 55 4% 8K 5l g B 14 8103 3 A
SR RN E/R T GDP AR BT = N Fo0lis e v i 35 A 0, 9 ELAS SRSl g [R5 B 3K 3l 05 [ 45 5 R,
ELAR R BCHE 5 B, SO iR SWCST RHIFSE X5 MR A 59038 M A0 A0 T AR R 5 b L 28 ML AT R 4P 98
A~MERL,

®8 ZTEASHER

Table 8 Results of multiple regression analysis

[F7%Ht/ Dependent variables A/ FRifE R %L Regression equation/standard coefficient F R? Sig.
[ SR HD AT Y = 0.953X,+ 16.024X,- 0.033X;— 0.244X,- 0.001X,+ 2586.552 365.993  0.984 0.000
Natural wetland WEMEZREL  X,:0.180 X,:0.094 X;:-0.010 X,:-0.451 X;:-0.382

T AR Y = -0.251X, - 34.803X,+ 0.010X;+ 0.154X,+ 0.000X5+ 635.129 283.589  0.980 0.000
Artificial wetland ~ FRUEZREL  X,:-0.073 X,:-0.316 X;:0.005 X,:0.439 X:0.254

i 24 T AR FEIHAT Y = 0.673X,- 17.647X,— 0.022X;- 0.095X,- 0.001X,+ 3213.806 132.215  0.958 0.000
Total wetland PEMEZREL X,:0.356 X,:-0.291 X;:-0.018 X,:-0.492 X;:.-0.566

SWCSI FHAZ Y = 0.602X,+ 15.927X,- 0.018X,;— 0.208X,- 0.001X,+ 4259.930 399.471 0.986 0.000
( % 10000) FRMERE X,:0.155 X,:0.128 X;:-0.007 X,:-0.525 X;:-0.298

X, AW (TAERSEY) X, MR (TERSPEY) Xy SRR X, WA EE Xy A7

4.2 IO RIZEW S 150 S50 bt

1) SWCSI [F] A SRR F B SCE . [RAE 7K P it I 35 1 AH DG 1 DX B8 00 A T8 R 9R IX, X LLAE ifg
FEAT FZR P il S b N v (18 3-a b)), HHSE R B r>0.6664 , 5853 XI5 r>0.7797, JLEBHEF T 1976 4E 8
WUETE K8 5 AT B IZAE A DRI R A ™ B (FRFIT 1) iR Ak (&1 2) o X AR 0B Ak R Bl J5 1
BT A28 i e R U et U T B AR DG, FLAF DG 100 2, LS A DG 2 715 3R B B VAT A2 U 1) 2 i) 38 L
TR R MR AL TR, X TR T AR 1) 4R /0 I, RV HL R K VAR (b A (35 19 1E A 56 ¢
A EJE AR H K VU A A X 8 AR S A T B B T 4k, DR R R K V45 R T 2K
YER, S bR _EARMER AL

BRI B2 [R) BT A8 It ek £ 2 6 A O D i 2T 7K 0 A i/ T i 25 Y0 A 3 ) X3, R T 4R
FF Rl A BT A A (] 3—a b)) o BRI 10 A4 D PR R S50 A A, e 1976 AR BT i T K I )
THK VA TG 2205 Tt i 2 b, P80 b AR S R G S A 5T 3 N A e A s L AR Vb T
R, b2 shta e A5 L 20 A TR |, 3R DX SRR 5 Ak i) EL 3 o 5 i A5 B T 21 B 2 i b, P A%
ORI HL RS REIE H AE R . T, 3 40 AR BT /K V0 1) SR/ R 34 ) AT B80T AT 11 At b 5%
WP 2 2 R I B . 35 B AH G

[IRE(E AR — 3R A2, B 1995 A AGE T /\ T 514 B 14 107 1360 1 1) S5 U758 A28 [ 428 9 2 R i 10t 119
AR AE 22 5, BN TRV Vb 2 (A AR SV 38, T R4 I i A A S ME I AS (.38 0 X 3B, X6 9] R M ) &2
JET S, fi Vb B H AR I 5 A SR AR
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Fig. 3 Relationships between SWCSI with the landscape evolution driving forces in the Yellow River delta
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5 22 bR IRT AR VA X DX S8 R K R AR SRR G e s PR, AF 9 DX R YA [ A K AR DG R
NS

2)SWCSI [al#t 2 2 3% P B AH G e . BFFEIX SWCSI [AlHt2x 25 K 7 0 35 (A C 1Y X IR i &2 T B 35 1F
AHOCHY DI, BBl G LS 28 T PR -3 IR IX R 43 DX s 6 N A T AR )K= it 7™ 2 R it
S i S O DG DX A 26 DA SRt ) A8 Y6 P25 N T3 M ) A8 (T 3—e Jf, BFHIED 1) 5 1T TR] GDP
FRR S X R 32 (B 3=d) , AN w5 A DX, 1 [R] st 3o 35 HeAth 2R 3 e 1) N T3 i A 0k 73
AR IX s, FLRE AR S S P s BT AU T AR 43 DX 3l S UL AR [l 4k 2 2 B IR 2 0 3 IR AR OG, BB 5 4 2
2R R DX R ) Y b Ay 1) A AR 3 2 LT I AN AEAE A R R

EIRE BRI, A SR IS 2 255 T Sl 50T = A Y S W AR ) S M A7 B A 25 TR S S, AR
FL 2T, B K U R 5 M 32 B AR v e AT 11 DX T N S0 S 5 S BB T3 sk P o ) 43 ) S ok
B TR N E ARG [z i) 5 i bE s g, 1R & R EEIHE T AR &R, LU K VR ok %
VRN T AL BGR AL R A A B Ay, DU NZAE 2 5 16 sl i it i s o 2 5 (R A Rl s vl K VD AE kY
TEAERZ I | R DX BT 75 A2 0 1, (EATS SR AR ME AR T R S 7 it A
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1) 325 40 4 B0 = A U0 E AR R BUSIBTZE 45, N T30 b8 i, b it v R/ | 20 9) = R A iR | 5
M TALSR R AL H 40 4R [R] IR S A4 /N T 7.99% , AF 349300 6.13 km® [ SR 10 Hb 1 R 4
INT 42.67% ,SFEH/0 30.58 km® 52 AR, A TR HE FUAE R i 24.47 km® |, B8R 490.52% , 5 LIE]E,
BT = A N S I 25 40 AR AT AR A7 7 B 308 A 45 TR S B Pk i b X AN T AR A bR fh a3k
BTV 1 b DX DAY b Ak 38R | v PO R PY S AL Ge A i X A T AR 1k

2) FE ] = A O A N T AL SR R A A 2 40 AF R BRIK DI/ | NS0 S ) 2[R 4R
MIZER, IR 1F, GDP 3R ™ FRFE Y e Ji 55 N A 25 28 T 1% SO0 B0 TRT = AR W 180 b 55 00 35 A8 ke 32
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XA AE DX S8 75 W 2 1), AEATS SRARME NG T R EE T i Ak
52 e

X VAT = A R MR 1 T & A R TG S8 BB RS Ol B R I8 T A% 25 ML 233K 25 , (05 L [R] s tho iy b He Ay
KB KSR A % o R EANREE S 2 5 I8 B T2 M, 1 AE 25 2 40 ) 5 A e Y BR
BE MR AN D IR B, PRIk, B AR ) T o i Xt 214 M Y Ml A S R SR AR, A BRI N 2RI B A 3 LR AR
B, A, T DGR BB = MU0 A — Rk, B iz sh RS2 b AT, KA Bl R 7= 2 AT H 1)
B — PR IR S AT A S A R R 2L, L, & S T R o2 e B4R, U2 T, i
GRS B A RIVZE DR UE — a2 T AR 00 A S OB DX B AT B T, P i 17 00 45 LRI R O A a2 R X
I, 78 S AAR L ARG, e SR X e S 2 R 5 A S IR AR U

SCEETE TR0 REAI AT X S LT AR A 0 it I, 384 38 RO AR 285 45 10 5 X T 5 IX s O 4 7 e WA
P T R EE L N TR FEEL(SWCST) o FFHIZHAE BO I 7% IX 500038 A8 i S0k 3h 1 2647 1t 55 R B, 1%
FEHOS I DX 5 LT A RN T A AR s B Ly A A B AT AR A i 8 /s VR 35 X R Xt DX R 6 45k 1 F
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Accompany Fig. 1 Wetland landscape of the Yellow River Delta during 1973—2013
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