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Fig. 1 Overview of the study area
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Fig. 2 Temporal distribution of remote sensing images acquisition
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Fig. 3 Flowchart for making annual water and land classification map (taking 2021 as example)
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Table 2 The coastline movement distance and its change rate of different coast segments in different periods
BFFEIX W TEIRSEINE A SRR B /m NS EIBE m PEE R mea ) R (mea ) SN (mea )
SRR IX 1976-20214F 4 699.66 19237.13 15.08 104.44 427.49 0.34
1976-19864F 3407.41 16 921.08 2.94 340.74 1692.11 0.29
1986-19964F 983.72 14122.78 0 98.37 1412.28 0
1996-20024F 215.14 5540.83 0 35.86 923.47 0
2002-20064F -210.40 8 464.43 0 -52.60 2116.11 0
2006-20084F 118.94 4 948.06 0 59.47 2474.03 0
2008-20144F ~133.85 10 476.48 0 2231 1746.08 0
2014-20164F —215.34 107434 0 -107.67 537.17 0
2016-20214F 361.57 4 625.49 0 7231 925.10 0
IR B 1986-19964F 52.06 887.50 0 521 88.75 0
1996-20024F 0.88 30.32 0 0.15 5.05 0
2002-20064F —0.44 16.60 0 -0.11 4.15 0
2006-20084F 0.95 180.13 0 0.47 90.07 0
2008-20144F -251 17.26 0 -0.42 2.88 0
2014-20164F -0.77 132.64 0 -0.38 66.32 0
2016-20214F 1.38 22.68 0 0.28 4.54 0
KV =AINELE 1986-19964F 1618.03 14 122.78 1.68 161.80 1412.28 0.17
1996-20024F 361.02 5540.83 10.20 60.17 923.47 1.70
2002-20064F -353.35 8 464.43 3.03 -88.34 2116.11 0.76
2006-20084F 199.28 4 948.06 0 99.64 2474.03 0
2008-20144F -223.28 10 476.48 0 -37.21 1746.08 0
2014-20164F -361.43 107434 0 ~180.71 537.17 0
2016-20214F 606.81 4625.49 1.45 121.36 925.10 0.29
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Table 3 Average annual shorline relocation speed (SY) and coastline stability index (E) of different

coastal segments in different periods

Ei=0N FEEBL 1976-20214F  1976-19864F 1986-19964F 1996-20024F 2002-20064F 2006-20084F 2008-20144F 2014-20164F 2016-20214F

SY/(ma") A 141.52 422.05 138.78 123.13 129.59 119.73 69.20 137.30 90.93
66.55 286.92 19.42 0.67 0.25 0.94 0.71 0.74 0.71
C 222.35 633.32 95.94 169.95 250.97 334.63 154.94 154.43 148.58
D 335.91 836.50 553.09 379.09 298.82 233.51 186.24 473.00 281.37
E 44.62 144.48 35.39 81.19 109.82 53.64 19.88 77.84 40.34
E A 0.10 0.10 0.55 0.65 0.74 0.90 0.80 0.86 0.77
B 0.25 0.24 0.82 1.00 1.00 1.00 1.00 1.00 1.00
C 0.00 0.00 0.25 0.61 0.60 0.79 0.68 0.83 0.47
D 0.00 0.02 0.08 0.01 0.31 0.67 0.26 0.45 0.39
E 0.00 0.00 0.74 0.60 0.76 1.00 1.00 0.97 0.94
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The development and evolution of the coastline of the Qingshuigou sub-delta
in the Huanghe River under the background of reduced sediment
discharge into the sea

Cao Yin!, LiRui!, Yin Pengjunl, Fan Zhen', Zuo Fengjiaol, Zhan Chao', Wang Qing1

(1. Institute of Coastal Research, Ludong University, Yantai 264025, China)

Abstract: The shoreline change is the most direct factor in studying landform erosion and deposition. The Huanghe
River Delta is the world’s fastest-growing delta, and understanding its coastline changes and evolution trends is cru-
cial to regional ecological environment protection, marine resource development, and infrastructure construction. In
this study, we combined modified normalized difference water index (MNDWTI) and multi-year water frequency in-
dex (MWFI) to analyze water quality in typical years from 1976 to 2021, based on previous research. We visually
interpreted 207 remote sensing images to obtain an annual coastline that makes the obtained coastline more scientif-
ic and representative. We then analyzed the temporal and spatial evolution and stability characteristics of the coast-
line through quantitative calculations to explore the Qingshuigou sub-delta coastline of the Yellow River’s evolu-
tion mechanism since 1976. Our main findings are as follows: (1) In general, the evolution of Qingshuigou sub-
delta coastline shows a trend of rapid sedimentation towards the sea, followed by fluctuations and stability. We can
divide it into “rapid development” and “slow development,” with the “dynamic equilibrium” in between, taking
1996 and 2002 as nodes. (2) Over the past 45 years, the stability of the coastline in the study area has continued to
increase. The coastline of the section of the coastline and the abandoned estuary section of Qingshuigou is relat-
ively active, and its coastline stability index is generally lower than 0.5. (3) The migration of the sedimentation and
erosion center of the land delta corresponds to the estuary location’s change, especially the migration of the sedi-
mentation center, which has a positive relationship in the longitude direction between the change of the estuary pos-
ition and the position of the estuary, R* = 0.690 4. (4) The Huanghe River’s sediment reduction into the sea, the relo-
cation of the estuary position, and human activities have a significant impact on the delta coastline’s development
and evolution. In the long run, the Huanghe River’s silt into the sea is still continuously reducing, and the future of

the delta is still facing the threat of erosion.

Key words: coastline; decrease of sediment entering the sea; relocation of estuary; coastline stability; multi-year water fre-

quency index; Qingshuigou sub-delta of the Huanghe River
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