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Variation and prediction of different marsh landscapes in intertidal zone of the

Yellow River Delta
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Abstract: Seven Landsat TM images during 1979—2013, combined with a field survey, were used to establish a database
of tidal marshes in the Yellow River Delta, to determine the characteristics of landscape pattern in tidal marshes and the
impacts of natural and human factors thereon. The trends of landscape patterns in tidal marshes in the future 20 years were
also forecast using a Markov model. Results showed that the tidal marsh areas generally decreased from 1050.28 to 575.39
km’with a decrement rate of 45.22% from 1979 to 2010, and increased to 596.17 km’ during 2010 to 2013, with an
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increment rate of 0.36%. The main landscape pattern showed obvious zonal distribution characteristics from the land to sea,
and the landscape types in a seaward direction were Phragmites australis marsh, Suaeda salsa — Tamarix chinensis—P.
australis marsh, and S. salsa marsh and mudflat, respectively. In general, the areas of P. australis marsh (PA) decreased
significantly, with a decrement rate of 79.68% , whereas those of salt—cultural —=pond ( SP) and resident district ( RD)
continued increasing during 1979—2013, and those of other landscape patterns showed varied fluctuations, decreasing
overall. In the next 20 years, the areas of tidal marshes are predicted to show a decreasing trend, with a decrement rate of
6.60%. Particularly, the areas of PA are predicted to decrease continuously and those of the SP and RD to increase
continuously, whereas those of the other landscapes are predicted to show slight fluctuations. In this study, we found that,
although the dual function of natural and human driving forces determined the dynamics of landscape patterns of tidal
marshes during 1979—2013, the annual sediment load (x,), regional GDP (x,), and output of aquatic products (x,)
were more critical factors affecting the landscape patterns (y) of tidal marshes (y = 733.192 + 35.317 x,— 0.005 x,— 4.
085 x,, p = 0.0001 < 0.05), which could explain 76.7% of the variations in tidal marshes over the past 30 years.

Key Words; Landscape pattern; Driving force; Tidal marsh; Markov model; Yellow River Delta
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Fig.1 Sketch of the modern Yellow River Delta and the tail channel of the Yellow River
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Table 1 Information of remote sensing images used in this study

H i Date 182 Sensor 17315 Ranks I3 BE# Resolution/m
1979.05.27 MSS 130/034 78
1985.11.25 ™ 121/034 30
1992.08.24 ™ 121/034 30
2000.09.15 ™ 121/034 30
2005.10.23 ETM 121/034 30
2010.09.11 ™ 121/034 30
2013.05.30 ™ 121/034 30
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Table 2 Changes of tidal marshes in the Yellow River Delta during 1979—2013

by 1A/ km? W]/ km? =AY/ km? TIRHT o5 e/ % T4/ km? Bt /km?
Years Supratidal zone Intertidal zone Delta Ratio Sea Total
1979 2004.72 1050.28 3055 34.38 3945 7000
1986 2299.60 810.40 3110 26.06 3890 7000
1992 2347.18 777.82 3125 24.89 3875 7000
2000 2389.89 666.11 3056 21.80 3944 7000
2005 2397.00 614.00 3011 20.39 3989 7000
2010 2421.61 575.39 2997 19.20 4003 7000
2013 2423.83 596.17 3020 19.74 3980 7000
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Table 3 Transition probability matrix of landscapes in tidal marshes under initial state

2010 4

" s o A% - . HoAth WL Hm T

2000 4 e i ?@;@ Ez"%m e ;Lt:% - Eiﬁb
JP-CL CL-LW OTM spP RD

S BF 0.9106 0.0063 0.0028 0.0006 0.0002 0.0100 0.0000 0.0003
T b TP 0.0216 0.9190 0.0282 0.0126 0.0000 0.0000 0.0005 0.0005
% AR b JP-CL 0.0108 0.0074 0.9311 0.0031 0.0093 0.0000 0.0025 0.0000
AR 250 CL-LW 0.0000 0.0000 0.0000 0.9038 0.0347 0.0088 0.0100 0.0000
PN LW 0.0038 0.0039 0.0249 0.0045 0.9037 0.0025 0.0029 0.0114
HAbFWZER OTM 0.0000 0.0000 0.0001 0.0237 0.0043 0.9207 0.0000 0.0007
+h H SR gE L SP 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.8994 0.0000
JE R T RD 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0298 0.9551

FIHT Matlab THCR HE 2013 4F25 MR SR B 5 B9 RIER G 20 e, SR )5 R 25 S WS BY BT o 1) L 1913 LA
TET R 31 24 1915 LIS R ) 00 i B, 45 2013 {8 1) 47 45 57 WL LAY Markov TIN5 52 (LR 47 %o BE (3R
4) JFHAT XK S, ARG, X7 =0.1348 , B RAT X705, (9) = 16,92, BEAYZE R 5 S0 25 e 22 S AN 1o 2 3
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Fig.2 Distribution of landscapes in intertidal zone of the Yellow River Delta during 1979—2013
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Fig.3 Distribution of landscapes in intertidal zone of the Yellow River Delta
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Table 4 Comparison between measured values ( percent of marsh area in intertidal zone) and Markov simulation values in 2013

SR 2013 EREIE Y 2013 AESEIIME Y vov -1y
Type Simulation Value of 2013 Measured value of 2013

St BF 4.37 4.20 -0.17 0.03
TR Vi, JP 3.03 2.88 -0.15 0.02
% - AL JP-CL 5.86 5.78 -0.08 0.01
M- 251 CL-LW 1.62 1.55 -0.07 0.01
PR LW 3.32 2.83 -0.49 0.24
HAbFWZETY OTM 0.84 1.10 0.26 0.07
EhHIRAE I SP 0.76 1.14 0.38 0.14
JE BT RD 0.23 0.26 0.03 0.00
ST Total 20.03 19.74 -0.29 0.08
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Fig.4 Variations of different landscapes in intertidal zone of the Yellow River Delta in future 20 years
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Fig.5 Changes of annual precipitation, runoff and sediment loading in the study region
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SR ER 2R AF B AR AT 7™ HE A ] BT R R, T AN R] B S5 UG SR o AR S e A IS R W AF i v 5 0l o i
PR RFIEMR (r=0.798) , 51 1A HAD S WY S A7 AR —E A SCHE  (H IR AR IR B K (p<0.05) (R
5) o TAAI AR VAR R K X (8] a7 550U SR R 23 A1 I8 A — 5 2, {E G2 M R B 5 R ik 31 e 25 KK
(p<0.05) (£ 5).
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Fig.6 Changes of GDP and annual output of aquatic production in the study region
x5 EBMERSEK/ AAERBEXSH
Table 5 Correlation coefficients between wetland areas and natural /or human factors
™ BF Jp LW SP RD AR AS AP GDP OAP
™ 1 0.889 " 0.673 0.931"" -0.634 -0.700 0.270 0.830" -0.280 -0.736 -0.851"
BF 1 0.606 0.716 -0.257 -0.344 0.586 0.798 -0.110 -0.389 -0.618
JP 1 0.740 -0.518 -0.579  -0.062 0.456 -0.721 -0.679 -0.836"
LW 1 -0.830" -0.886"" -0.025 0.618 -0.531 -0.911""  -0.949""
SP 1 0.970** 0.427  -0.342 0.664 0.973*" 0.871"
RD 1 0.448  -0.334 0.671 0.978 ** 0.883 7"
AR 1 0.543 0.567 0.365 0.127
AS 1 .074 -0.427 -0.601
AP 1 0.690 0.694
GDP 1 0.944 "
OAP 1

TM ; JH¥EEFY Tidal Marsh; AR ; SE42 7 Annual Runoff; AS. 4F4i70 & Annual Sediment; AP ; AERE K Annual precipitation ; GDP . Hb X A
JBE Gross Domestic Product; OAP ; 7K 7= & Output of Aquatic Products; BF, JP, LW, SP, RD L 1.2.2 {#fi#H; * p<0.05; #*# p<0.01.

IV S UL = 22 A R A2 I BRRIMR P 458 11 SR AR s i b | N5 s B2t b R %), 7 1
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10 A E = 37 %

T =AM ZE T OB = AN IR 93% ) 20 J&— a4t 23 20 B AU 22 JF (R 243 T , M T 0 44 1) e 8
A7 BRI B AR R, GDP B I AR ) B e EBEE UL, MBS 25 R R, X 1
TR SN, 1979—1986 4F  AKHEA T BOR I A< 7 D 2L ER b DX IR 4 9 Bl o7 M Tl , O i 38 L AH G
AEYHY GDP, (HAEZIA P, 58 i) TR 1050.28 km U820 4 810.40km? , AR /0 30 3.26% , it i T HE
A 309 B AR 90800 . (0.98% ), 3 W] BB -5 ML A B3 1]y 2 th 1) T AR e SR A 6, 1992—2013 4F, RE T
1) GDP FlIZK ™ = i R RF L g K (& 6) . Hid, GDP i 1992 4F 1) 87.00 {ZICHE K 2 2013 4E 1Y
3250.20 1270, 4K 1,78 45 K72 s B U i 1992 4R 1 4.75 J7 t 36K 2013 4F18 52.09 J7 t, A K
0.52f% . S AN, 32 By S0 0 [0 Y0l T 0% 9l B 22 D2 A T AE 2010—2013 4F H /MR 3, 3 = 2
5 I R ) Y b Y A SR T R KPR e DA SRR R VD T AR BRI St 06 A A HT 2 I 1]
M T FR 55 K e R B A G (r=-0.851, p<0.05) ,H 5 GDP REF R —ER A% (r=-0.736) ,
{EIFAIRE] 52K (p>0.05) o i) [B] 35 AS [R] 9 2 80 (9 S 0046 Jm i 75, A0 sh I s Rk b 17 7 38
T TR TR S R0 Tk SR AR AN B T M T A, MR R, AR IR M AR S GDP K
PR R W AU (r, =-0.911, r,=-0.949, p<0.01) , fi£h FHFFEF 0 A K T0 s A4 5 GDP 25 h)
WEIEAHX(r,=0.973, r,=0.978, p<0.01) , 57K/ i = it ¥ 42 B 3 E A OC (r, = 0.871, r,=0.883, p<0.05)
A0, TSR AR SR AR R T Hb 2z (8] 7 52 4 35 A O (r, = -0.830, r,=-0.886, p<0.05) (£ 4),
AL, A6 BT a5 100 25 1 A 2 [X 50t A Y b e O R A7 — RE S I (L HL 2 [B) A AR S M AR 4 5]
K (p>0.05) o K55 0 10 HE 10 1 ARUAR A6 2% DI AH 5G9 A8 S AT 2 o0t mA e Fr R, RS FHAR 5N
IR Bl 7 AR FHDRAE T 1979—2013 4[] 38 18] 5 3 b 1 B A9 sh 25 28 Ak, (R B4R S VD i (&, ) L X 38 GDP
(2 ) FZK P i 72 d (o ) X0 [ 10 bS5 LA Ry () RS2 T B R Ei 22 (1 = 733.192435.317x, -0.005x, —4.085x,
p=0.0001<0.05) , FX6F ) i) v 3 b 1T R 3 24528 Ak 1) it o BT ik =i 38 76.7%

B 5 BT — A I R AN 2R DX R R KA ) ] 0 K 1 ST, AT — A U b DO 30 R 7 — 8 1
5V e R T B T A ) 3 B A A 10 398 K A 2 4 S5 0 () Y L P PR 7 ok B R 1 Pk R, ()
i, F T B R K R VD TR 224 0 ) St A S B8 T 3 A A AR K A S R TR VD ) TR
A SRARA — B 1 DA RS 76 4 KO AR ME A G VD AR T [RIRE 230 % — A DN I R %
PRI, 00 = A D0 [0 Y T RLAE SRR 20 AR 3 ACKs SR B AIR A A 2500 2 T S A 3k 3 ) 2 10 S5 SOR A4S J) 1
T, T ARG SR sE R R S D R TSR I A B T b T FROR 2 SRR S 5 M 5
T RURE S Ak 2k /b | 1T T BB B0 A2 DX S ) 5 A b R e - I b 1 T AR RN R R AR 3, T
L, G2 5T = N R A B IX [ 5% R 114 S, Sy S B DX sk (A S0 2 ) DX 3R ) 8 T Rk R i 1]
WL R 5 A SR B NS TR E A
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