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Abstract 
The Yellow River Delta, one key area for develop and protect the Yellow River Basin, is an important part of 
maintaining the Yellow River healthy. Affected by climate change and human activities, the flux of water and 
sand from the Yellow River has changed dramatically since the half of the last century. The total incoming 
water decreased in the Yellow River had led the large-scale erosion in the Yellow River Delta. The land 
resources reduce had seriously affected the regional stability and the effective operation of wetland 
ecosystems. this paper used the remote sensing technology which can timely and accurately reflect the 
dynamic evolution of the coastline, combined the data from the Lijin station, interpreted and recognized the 
remote sensing images, analyzed the erosion of the coastline of the Diaokou River after the diversion of the 
Yellow River, the recovery of coastline after ecological replenishment and the silting process of the 
Qingshuigou river after the diversion. Results: In the Diaokou River, the erosion area of the sand mouth is 
about 2.826 km2, the siltation area is about 3.156 km2, and the net siltation area is 0.33 km2, and the western 
convex bank is mostly eroded, the eastern concave bank is mostly silted; In the Qingshuigou River, the total 
land accretion area showed an increasing trend, the increment of land area was 300 km2 and the average 
sedimentation rate was 7.56 km2yr-1. This results can provide scientific theoretical basis for wetland ecological 
construction and management methods in the Yellow River Delta. 
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INTRODUCTION 
The Yellow River is famous for its limited water and 

multiplied sediment. Its sediment discharge and 
sediment concentration are ranked at the top among 
rivers in the world. At the same time, the Yellow River 
flow-sediment changes greatly within a year. Every year, 
from July to October, about 80% sediment flows 
through the estuary into the Bo Sea (Xu 2002). The 
Yellow River mouth is a weak tidal estuary with shallow 
sea water and flat ground under water, therefore, it is 
slightly affected by ocean power. And there is a large 
amount of sediment accumulated at the estuary, which 
makes the Yellow River Delta siltation and epeirogeny 
happened frequently (Li et al. 2009). The coastal area of 
the Yellow River estuary has the most human activities. 
It is also a gathering place in which matter and power 
interacted between sea and land (Liu 2007). Among 
many types of coastal zones, the estuarine coastal zone 
is a special type with its unique evolution characteristics. 

The estuary-coastal zone is located at the mixing zone 
of rivers and oceans and is affected by the dual dynamics 
of rivers and oceans. It is mainly characterized by 
siltation and erosion of coastlines and beaches, resulting 
in changes in shoreline form, length and land area (Qiao 
2016, Wu and Hou 2016). 

In May 1976, the Yellow River’s flow path in the 
estuarine area was manually diverted from Diaokou 
River Channel to the Qingshuigou River Channel. 
After the diversion, the original river path was severely 
corroded due to the lack of flow-sediment supply, 
which caused serious erosion of coastal zone. The 
oilfield motor-pumped wells were destroyed by 
seawater intrusion, leading to huge land resources 
wastes and economic losses (Xu 2004), which went 
against the stable development of the Yellow River 
Delta ecosystem. Looking at the above factors of the 
Yellow River Delta’s development and evolution, 
maintaining the scouring and depositing equilibrium 
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and land area stability in the estuary coastal zone is the 
primary condition for ensuring regional economic 
construction and sustainable development of the 
ecological environment. 

Since the end of the 20th century, many scholars 
have conducted a lot of researches on the dynamic 
evolution of the Yellow River Delta coastline. Huang et 
al. used the satellite remote sensing images of the Yellow 
River Delta to interpret and extract the high tide line. 
They also studied the migration characteristics of the 
coastline along the Yellow River Delta since the Yellow 
River was diverted to the Qingshuigou Channel in 1976 
(Huang and Fan 2004). Liu et al. conducted a 
comparative analysis of the high-water line to calculate 
the satellite remote sensing images of the Yellow River 
Delta in 1976-1998 and the measured water depth data 
in the sea area and analyzed the trend of the Yellow 
River Delta area. The Yellow River Delta was generally 
in a state of scouring and depositing equilibrium with 
the sediment concentration of 245 million t/a (Li et al. 
2001). Cui et al. used the average high-water line 
method to extract the coastline information of the 
Yellow River estuary area in 18 years between 1976-
2002. The 3S technology was used to divide the 
estuarine coastal evolution into three stages, revealing 
that the water and sediment change was linearly related 
to the estuary coastline change. The relationship had 
clarified that the amount of sediment transported into 
the sea was the main driving factor affecting coastline 
changes. It was estimated that the critical sediment 

transport capacity of the estuary sea-land changes was 
351.7 million t/a (Cui et al. 2006). Wang et al. used the 
remote sensing images data of the Yellow River Delta 
between 1976-2014 to systematically analyze the 
dynamic changes of wetland area and type. The results 
showed that in nearly 4 decades, the area of constructed 
wetland in the Yellow River Delta had increased, and 
the area of natural wetland had decreased. The area of 
reed wetland and tidal wetland in the north has 
decreased. The area of reed wetland in the south had 
increased, and the tidal wetland in the south had 
increased first and then decreased (Wang et al. 2016). 
Much work has been done on the interpretation of the 
Yellow River Delta coastline in above studies. But the 
study period is too short with no long-term research. 

Based on the understanding of the process of 
alluviation or erosion in the Yellow River Delta after the 
diversion, this paper extends and verifies the previous 
research results. By using remote sensing technology to 
study the evolution of the Yellow River Delta coastal 
zone to analyze and calculate the erosion of the delta 
coastal zone and the change of land area after diversion 
in nearly 40 years from 1976 to 2015. This study can 
provide a scientific basis for studying the dynamic 
changes of the coastline of the Yellow River Delta. 

 The Yellow River Delta is located in the northern 
part of Shandong Province, between Bohai Bay and 
Laizhou Bay mouth (Fig. 1). It is located at 117°50′-
119°20′E, 37°10′-38°10′N. The Yellow River Delta is 

 
Fig. 1. Location of the Yellow River Delta 
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one of the three major estuary deltas in China, it is also 
the fastest developing delta in the world. Sited in the 
mid-latitudes, the Yellow River Delta is a temperate 
monsoon continental climate and is affected by both the 
Eurasian continent and the Pacific Ocean (Chang et al. 
2004, Sun 2006). Representing a large-scale coastal 
wetland ecosystem in China, the Yellow River Delta 
Wetland is piled up by a large amount of sediment 
carried by Yellow River every year. Due to its unique 
formation process, the area is generally high in the 
southwest and low in the northeast (Wang et al. 2018, 
Zhang and Zhao 2015). In this paper, the Diaokou River 
Channel and Qingshuigou River Channel are chosen as 
the main research area. 

METHODS 

Data 
Considering various factors such as time series data, 

resolution and access route, the Landsat series data is 
selected as the basic data of remote sensing processing 
in this study. The data source is the United States 
Geological Survey (USGS), the official website is 
http://glovis.usgs.gov/, in which 40 sets remote sensing 
images data of Landsat 4-5 TM and Landsat 8 OLI 
satellites from 1976 to 2015 are collected. To ensure the 
consistency of the analysis results, the selected images’ 
acquisition time is around May each year, and the cloud 
cover should be no more than 30% (Wang et al. 2017). 

The hydrological data is derived from the data series 
of 1976-2015 of the Yellow River Lijin Hydrology 
Station. Other data collections come from relevant texts 
and data resources in hydrology and history of the 
Yellow River Delta. Such as the Yellow River Water 
Resources Bulletin (1998-2015) and Dongying City Water 
Resources Bulletin (2010-2015), Dongying City Water 
Resources, etc. 

Extraction and Classification of Coastline 
In this paper, remote sensing technology is used to 

extract the evolution of the coastline of the Yellow River 
Delta. Firstly, the original images data needs to be pre-
processed by band combination, radiometric 
calibration, atmospheric correction, images cutting, etc., 
which are mainly based on the ENVI remote sensing 
images processing platform to complete the pre-
processing of the above images (Yan et al. 2009). 

When the sea-land boundary line is less affected by 
ocean tides and topography, the threshold method can 
be used to extract the coastline. However, the water and 
sediment conditions in the Yellow River Delta vary 
greatly from year to year and are highly susceptible to 

ocean dynamics. The coastline is unstable. The tide 
level and topographic information of the coastline is 
lack. In order to reduce such influence and obtain real 
changes of the coastline, this paper selects the mean tidal 
line method to determine the dynamic evolution of the 
coastline of the Yellow River Delta (Zhang et al. 2005). 
The specific operations for extracting the coastline are 
as follows: 

Determine the instantaneous water line 
The instantaneous water line is the boundary line 

between sea and land captured by the satellite. Its 
location is greatly affected by the tide level and cannot 
truly reflect the change of the coastline. Therefore, the 
extracted instantaneous water line cannot be directly 
regarded as the coastline. However, the extraction of the 
instantaneous water line is indispensable when 
extracting the coastline. In this paper, the thresholding 
segmentation method based on the SMNDWI index 
(secondary modified normalized difference water 
index) is selected to extract the instantaneous water line 
of the Yellow River Delta from multi-year and multi-
set of remote sensing image (Li and Zheng 2016). The 
mathematical expression for SMNDWI is: 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = (𝑆𝑆𝑆𝑆𝑀𝑀2 − 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺)/(𝑆𝑆𝑆𝑆𝑀𝑀2 + 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺) 

Among them, MIR2 represents the mid-infrared 
band (short-wave infrared), which is in the strong 
absorption band of waterbody. Green band has a certain 
penetrating power to the waterbody, which can reflect 
underwater features. Through the band-calculation 
calculated the SMNDWI index of various types of 
features. The waterbody is zero or negative, and the 
non-waterbody (soil, sand, rocks, vegetation, etc.) is 
positive. By doing this, the sea and land are divided. The 
ENVI software was used to calculate the bands of 9 sets 
remote sensing images of Yellow River Delta, to obtain 
the calculation results of the waterbody index in each 
year. Then the Arcgis platform was used to extract the 
instantaneous water line. 

Determine the general high tide line 
The general high tide line refers to the average 

boundary line that water submerged when the ocean 
currents occur at a non-extraordinary high tide. In this 
paper, the remote sensing images after images 
preprocessing are classified by ENVI software. Because 
of the different geomorphological features and the 
development degrees of vegetation on the high tide 
beach and the middle tide beach, different colors are 
displayed on the remote sensing images. Most high tide 
beaches are exposed above the water surface, showing a 
light gray color on the remote sensing images. The salt-

http://glovis.usgs.gov/
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tolerant plants on the beach surface is red and reddish-
brown color. The upper part of it is gray-white and 
white color, because of high degree salinization. The 
middle tide beach is affected by tide being back and 
forth, resulting many tidal gullies and tidal pits on its 
surface. These tidal creeks have strong ability to reflect 
sunlight, showing a color of gray-brown (Huang et al. 
2017). According to the landmark identifications and 
color features, each region of interest (ROI) is selected 
by non-supervision classification method. Then the 
supervision classification method is used to extract the 
waterbody, the high tide beach, the middle tide beach 
and the low tide beach through the results of the non-
supervision classification methods (Su et al. 2012). 
Finally, according to the classified images, the general 
high-water line is obtained by visual interpretation on 
the Arcgis platform. 

Determine the land area enclosed by the coastline 
In this paper, the mean tidal line method is used to 

extract the land area contained in the coastline of the 
Yellow River Delta. Firstly, the Arcgis platform is used 
to measure the area covered by the instantaneous water 
line and the general high-water line of each year. The 
area between the high-water line and the instantaneous 
water line is frequently affected by the tidal factors and 
changes continuously over a long period of time. 
Therefore, the mean value of the area between the two 
lines in a certain period of time can be regarded as the 

mean area affected by tides. The area is summed with 
the area contained in the general high tide line to correct 
the general high tide line to obtain the land area under 
the mean tide line (Ma et al. 2007). The mean tidal line 
acquisition method is shown in the Fig. 2. 

RESULTS AND DISCUSSION 

Analysis of the Evolution Rule of Coastline in the 
Diaokou River Estuary 

The Diaokou River Estuary is located in the east of 
the Tiaohe Bay in the northern part of the Yellow River 
Delta, and its coastal zone belongs to a heavy erosion 
type (Fig. 3). The Diaokou River’s flow path in the 
estuarine area was formed in 1964 when the Yellow 
River was straightened. During the operation, the 
sedimentation occurred, the shoreline moved forward, 
and the flood discharging and sands reduction abilities 
were reduced. In 1976, the Yellow River was diverted. 
After that, the Diaokou River Channel shrank, and its 
land resources decreased. In order to improve the 
ecological degradation of the Diaokou River Channel, 
in June 2010, Diaokou River was recharged ecologically 
(Wang et al. 2006). 

 
Fig. 2. Mean tidal line acquisition process 
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 Analysis of evolution of the Diaokou River Estuary 
coastline before the water supplement 

ENVI is used to cut the remote sensing images of 
the Yellow River Delta. The band combination is used 
to obtain the form evolution in multi-year of the 
Diaokou River mouth. After 1976, the form of Diaokou 
River Estuary spit was always developed to deplanation. 
The spit protruded into the sea, and the frontier area 
became steep. The convex bank was refracted by waves, 
which could concentrate energy, gradually erode and 
flatten deplanation. The erosion rate of the concave 
band gradually increased. As can be seen from the 
satellite images in 2010, there was a clear gap in the 
eastern concave bank. Through ecologically water 
supplement in Diaokou River Channel, by 2015, the 
erosion and flattening in the western convex bank was 
controlled, the eastern concave bank showed a clear 
siltation trend (Huang 2015, Zheng et al. 2012). In this 
paper, based on the ecological water supplement in 2010 
to study the evolution rule of the Diaokou River Estuary 

coastline before the water supplement and the siltation 
of the coastline after the water supplement. 

This paper extracts and analyzes the coastline of the 
Diaokou River Estuary and uses Arcgis to calculate the 
land area enclosed by the coastline. The range is aimed 
A (38.25°N, 118.45°E), B (38.25°N, 118.65°E), C 
(38°N, 118.45°E) and D (38°N, 118.65°E) as the 
calculating area of the Diaokou River Estuary. The data 
results are shown in Table 1. The figure of land area 
change of the Diaokou River Estuary is drawn, with the 
coastline erosion status being calculated and analyzed. 
This area is affected by the reciprocating flow of the 
Bohai Bay and sea water erosion. The sediment is 
transported away from the land, and the ribbon-like 
mixed zone of the sea water in the northern region can 
be seen on the remote sensing images. In the mid-to-
late 1980s, the development of Shengli Oil Field 
accelerated the construction of the sea defense dyke in 
this region. The construction of a large number of 
coastal roads and dykes completely changed the natural 

 
Fig. 3. Remote sensing satellite images of the Diaokou River Estuary 

Table 1. Statististics of land area of the Diaokou River Estuary 
Year Land area (km2) Area change (km2) Year Land area (km2) Area change (km2) 
1976 332.40 -11.55 1994 272.86 -2.23 
1977 324.91 -7.49 1995 270.75 -2.11 
1978 314.31 -10.59 1996 231.56 -39.19 
1979 304.48 -9.83 1997 261.69 30.13 
1980 298.77 -5.71 1998 258.37 -3.32 
1981 295.05 -3.72 1999 254.31 -4.06 
1982 298.57 3.52 2000 249.73 -4.59 
1983 297.41 -1.16 2001 245.15 -4.58 
1984 280.13 -17.28 2002 231.53 -13.62 
1985 291.92 11.79 2003 237.06 5.53 
1986 287.86 -4.06 2004 229.36 -7.70 
1987 285.19 -2.66 2005 226.15 -3.21 
1988 282.88 -2.31 2006 208.37 -17.78 
1989 278.82 -4.06 2007 217.01 8.64 
1990 282.91 4.09 2008 213.36 -3.65 
1991 281.57 -1.34 2009 205.62 -7.74 
1992 262.05 -19.52 2010 192.00 -13.62 
1993 275.09 13.04    
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evolution of the coast. From the overall trend, the 
Diaokou coast has been lack of water and sediment after 
the diversion. That’s why it has been eroded under sea 
power. From 1976 to 2010, the land area decreased from 
332.4km2 to 192km2, and the annual erosion rate was 
4.01 km2yr-1. 

Affected by natural factors and human activities, the 
coastal erosion rate in the Diaokou River Estuary is also 
different in different periods. Dividing the coastal 
evolution process into four periods, namely 1976-1979, 
1980-1989, 1990-2002, and 2003-2010, to calculate 
coastal erosion rate in each period and draw figure. 
From which, it can be seen that the period of rapid 
erosion is from 1976 to 1979, the water and sediment 
supply began to stop in the Diaokou River Channel, 
reaching an erosion rate as high as 9.87 km2yr-1. From 
1980 to 1989, the erosion rate was greatly decreased to 
2.57 km2yr-1. Mainly because after the 1980s, in order to 
ensure the rapid economic development of the Yellow 
River Delta and the stability of the coastline, the sea 
defense dyke was under construction. By doing so, the 
erosion of the shoreline weakened with its rate 
decreased significantly. From 1990 to 2002, erosion rate 

increased to 3.64 km2yr-1. By investigating, finding that 
it was due to two disastrous typhoons’ impact in 1992 
and 1997 respectively. The storm surges flooded the 
coastal defense, and there was a certain lag in the repair 
work of the coastal defense dyke. Therefore, the damage 
of the defense dyke was further aggravated, and the 
inland was eroded, too. From 2003 to 2010, the erosion 
rate was further increased to 4.94 km2yr-1. Through field 
investigation, there were two main reasons for such 
increase during this period. First, there was also affected 
by two large storm surges in 2003 and 2007 respectively. 
During storm surges, sea water had strongly eroded the 
underwater delta, which damaged the beach surface that 
formed under normal geological conditions, and 
indirectly damaged the artificial dyke. Second, after 
2001, when the Diaokou River Estuary was artificially 
excavated, people borrowed soil on both sides of the 
dyke directly, which caused the soil-borrowed area 
developing to tidal creek instantly once the dyke area 
was eroded by sea water. Under such vicious circle, the 
erosion area expanded rapidly. By 2010, the sea water 
boundary has reached the dyke of the 1200 Nature 
Reserve Management Station, which affected the 
ecological environment of the nature reserve. 

From the changes of coastal erosion in the Diaokou 
River Estuary in different periods, the disastrous storm 
occurred in the adjacent sea areas of the Yellow River 
Delta has strong erosion ability on the delta land area. It 
can be seen clearly from the annual variation of the land 
area in the Diaokou River Estuary (Fig. 4 ang Fig. 5). 
The changes of land area in this region have occurred in 
break-point years in 1985, 1993, 1997, 2003 and 2007 
respectively. By reviewing the records of relevant tidal 
disasters, there were disastrous storm surge disasters 
occurred in these break-point years. For the stronger 
storm surge disasters, this paper has made detailed list 
for those happened from 1976 to 2010. The occurrence 
of the extraordinary large storm surge disasters caused 
the large-scale land being covered by sea water, resulting 
a sudden decrease of the land area (Table 2). When the 
sea water receded with submerged land gradually 
emerging, causing a sudden increase of the land area in 
the following year. The storm surge in the Yellow River 
Delta has obvious seasonal variation: it is the strongest 
in winter, the second strong in spring and autumn, and 
the weakest in summer. Studies have shown that the 
Laizhou Bay, where the Yellow River Delta is located, is 
dominated by storm surge developed by typical cold 
winds combining with temperate zone cyclones. In the 
30 years after the Yellow River was diverted, several 

 
Fig. 4. Change of land area in the Diaokou River 
Estuary 

 

 
Fig. 5. Change of erosion rate in the Diaokou River 
Estuary 
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strong storm surges all caused severe erosion in the 
coastal zone of the Diaokou River Estuary. 

Analysis of the evolution of Diaokou River Estuary after 
the water supplement 

During the suspended period of Diaokou River, the 
water and sediment changed, ocean powers and human 
activities all played roles in changing the topography and 
geomorphology of Diaokou River’s old channel. Its 
coastline was severely eroded, which led to major 
changes in the ecological environment around it. In 
order to improve the ecological environment of the 
estuary area and promote the development of Shengli 
Oil field as well as efficiently manage and protect the 
alternate channel for Yellow River into the sea, the 
Yellow River Conservancy Commission decided to 
“start the Diaokou River Channel and implement 
ecological water diversion” in July 2009. In June of the 
following year, the Yellow River Delta ecological water 
diversion as well as the Diaokou River Channel 
restoration test was officially launched in Shandong 
Province. It was through the Cuijia control sluice and 
Luojiawuzi sluice to divert water. By 2015, it has been 
through six successful years to supply the water to the 
Diaokou River Channel. The specific water supplement 
period and quantity are shown in Table 3. 

It can be seen from the Table 3 that from 2010 to 
2012, the ecological water supplement of the Diaokou 
River Channel remained above 25 million m3, 
providing a strong supply of water and sediment for the 
ecological restoration of the Diaokou River Channel. 
Since 2013, due to the effects of water and sediment 
diversion and the up-slope water and sediment, the 
amount of ecological water supplement reduced greatly. 
The remote sensing method is used to extract and make 
superposition of the coastline of the Diaokou River 
Estuary, and draw a dynamic figure of the coastline in 
the research area (Fig. 5). The coastline of the Diaokou 
River Estuary can be divided into a western convex bank 
and an eastern concave bank. It shows the coastline 
shape of west convex and east concave, with an entire 
natural silt bank in research area of about 25km.  

Through the superposition treatment of the 
coastline of the Diaokou River Estuary in different 
periods, the erosion area changes of the coastal zone are 
calculated (Table 4). The figure of the erosion changes 
of the coastal zone in different periods between 2010 
and 2015 are drawn, too (Fig. 6). After 1976, the convex 
bank of the western part of the Diaokou River Estuary 
has been under rapid erosion. After the water 
supplement was restored in 2010, the erosion rate 

Table 2. Statistics of storm surges in the Yellow River Delta 

Time 
Typhoon, 
tropical 
cyclone 

Storm 
surge 

Local record 

1980.04.05 - - Guangrao County says, On April 5, the wind was 8-9, and the gust was 10, causing the sea to soar and 
last for 20 hours. 

1982.11.09 - - 
Kenli County says, From November 9th to 10th, the tide lasted one day and one night. 
Lijin County says, November 9-10, with strong winds and heavy rains, the tide of the sea continued for 
21 hours. 

1985.07.30 Typhoon 
No. 8506 - - 

1992.09.01 Typhoon 
No. 9216 3.5m 

Dongying City says, On September 1, the east coast of Dongying was hit by a violent storm surge, with 
the highest tide level of 3.5m and seawater intrusion 10-20km. The seawater washed into the inland, the 
maximum distance is 25km, and the inundation area is 960km from the high tide line. 

1997.08.19 Typhoon 
No. 9711 4.9m 

Dongying City Water Conservancy Bureau statistics: On August 19, the typhoon storm surge of No. 
9711 hit Dongying City. The coastal area was flooded with seawater by 1417km2, washed away from the 
tide-proof embankment by 60km, and destroyed 1,259 bridges and culverts. 

2003.10.11 
Tropical 
Storm Wave 
“03.10.11” 

About 
4.9m 

The Dongying City Water Conservancy Department monitored that from October 11 to 12, the “three 
tidal stacking” phenomenon occurred in the Yellow River estuary. The climax water level continued to 
retreat, 4.2 m higher than the normal tidal water level, which was basically close to the 97-year violent 
storm water level. 

2007.03.03 
Tropical 
Storm Wave 
“07.03.03” 

3.2m 
Dongying City’s water conservancy monitoring, on March 3, there are 4 tide stations in the coastal water 
increase of more than 100cm, the largest storm water increase occurred in the Yangjiaogou tide check 
station in Laizhou Bay, 202cm. The remaining tide stations exceeded the local warning level. 

 

Table 3. Statistics of ecological water supplement Parameters for Diaokou River Channel 
Year Water supplement period Water supplement (104×m3） 
2010 2010.06.24-2010.07.09 2713 
2011 2011.06.19-2011.08.03 3625 
2012 2012.06.25-2012.07.06 3279 
2013 2013.06.25-2013.07.10 2026 
2014 2014.07.04-2014.07.08 492.2 
2015 2015.07.04-2015.07.15 920.1 
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slowed down significantly. From 2010 to 2013, the total 
erosion area was about 2.469km2. From 2013 to 2015, 
the total erosion area was about 0.707 km2; after the 
restoration of water in the eastern concave bank, being 
affected by the redistribution of new water and 
sediment, it shows a certain degree of siltation. During 
2010-2013, the net siltation area is about 1.818 km2. 
From 2013 to 2015. The net siltation area is about 1.262 
km2. Since 2010, the shoreline erosion in the Diaokou 
River Estuary has been effectively curbed with a 
significant improvement of the erosion situation and a 
great reduction of erosion rate. Under the water and 
sediment regulation, the erosion changes are generally 
in a balance state. From 2010 to 2015, the total erosion 
area is about 2.826 km2, the total siltation area is about 
3.156 km2, and the net siltation area is 0.33 km2. 

Analysis of the Evolution Rule of the Coastline in 
Qingshuigou Estuary 

The Qingshuigou Estuary is located in the area 
above the Songchunrong Estuary in the southern part 
of the Yellow River Delta. It was formed in 1976, after 

the Yellow River diversion. The coastal zone of 
Qingshuigou Estuary presents a complex process of 
siltation and erosion coexisting under the combined 
factors of the water and sediment of Yellow River as 
entering into the sea and ocean dynamics (Yellow River 
Water Resources Commission of the Ministry of Water 
Resources 2013). This paper extracts and analyzes the 
coastline of the Qingshuigou Estuary, by using Arcgis 
to calculate the land area surrounded by the coastline. 
The range is aimed E (38.52 °N, 119.02 ° E), F (38.52 ° 
N, 119.18 ° E), G (38.37 ° N, 119.01 ° E), H (38.37 ° N, 
119.18 ° E) as the calculating area of the Qingshuigou 
Estuary. ENVI is used to cut research area and combine 
bands of the remote sensing images of the Yellow River 
Delta. The multi-year form evolution of the estuary and 
sandspit are drawn (Fig. 7). It can be found that after 
1976, the main channel of Yellow River has transferred 
twice. Before 1996, the estuary and sandspit extended to 
southeast direction, with a shape of sharp and long. In 
1996, the channel was manually diverted to the north 
with new sandspit gradually developing to the 
northeast. Whereas the old sandspit gradually receded 

Table 4. Statistics of erosion areas in different periods in the Coastal Zone of the Diaokou River Estuary 
Period Erosion area（km2） Siltation area（km2） Net siltation area（km2） 

2010-2013 2.784 2.093 -0.691 
2013-2015 0.765 1.786 1.021 
2010-2015 2.826 3.156 0.33 

 

 
Fig. 6. Dynamic changes of the coastline of the Diaokou River Estuary 



 
 
 Dynamic Evolution of the Yellow River Delta coastline Based on Multi-Source Remote Sensing 
 

 
Ekoloji 28(107): 615-627 (2019)  623 
 

under water erosion. Since 2005, the new sandspit 
showed a trend toward the northwest. By 2015, the 
southern old sandspit was completely eroded, and the 
new sandspit continued to extend to the north. In order 
to better distinguish the evolution process of the new 
and old sandspit in the north and the south, the figure 
of the new and old Yellow River Sandspit was drawn by 
Arcgis (Fig. 8). 

Based on the thresholding segmentation method of 
SMNDWI index, the ENVI was used to extract the 
water line of estuary and spit from the multi-set remote 

sensing images, in order to determine the distribution 
of different land types in the sandspit area. Arcgis is used 
to draw the dynamic change figure of the Yellow River’s 
water line as well as its channel centerline from 1976 to 
2015 (Fig. 8) and calculate the erosion area changes of 
the estuary and the sandspit. The main parameters of 
landline changes of estuary and sandspit area of 
Qingshuigou in multi-period are shown in Table 5 and 
Fig. 9. 

 

 
Fig. 7. Satellite images of the Qingshuigou Channel Estuary 

 
Fig. 8. New and old sandspits division of Qingshuigou Estuary 

Table 5. Statistics of estuary and sandspit area of Qingshuigou in multi-period 
Year 

Land 
Area (km2） 

Shoreline 
length (km) Time slot 

Land area 
change (km2) 

Landing rate (km2 

yr-1) 
River centerline extension rate 

(km·yr-1) 
1977 164.19 39     
1987 369.03 62 1977-1987 204.84 18.62 0.85 
1996 448.63 68 1987-1996 79.60 7.96 1.25 
2000 428.46 77 1996-2000 -20.17 -4.03 0.43 
2002 455.47 73 2000-2002 27.01 9.00 2.46 
2003 395.56 85 2002-2003 -59.91 -29.96 0.31 
2005 469.15 83 2003-2005 73.59 24.53 1.65 
2010 403.86 86 2005-2010 -65.29 -10.88 -0.61 
2015 466.60 75 2010-2015 62.74 10.46 1.01 
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The epeirogenic area of the estuary and the sandspit 
is calculated by the scouring and depositing of the 
Yellow River Estuary coastline (Fig. 10). After 1976, the 
land area of the Qingshuigou Estuary and Sandspit 
overall has the increased trend, with a land area 
increment of 300km2 and an average siltation rate of 
7.56km2yr-1. The siltation process can be divided into 
the following four stages: 

(1) The rapid siltation period is from 1977 to 1987. 
During which the Yellow River was rich in water and 
sediment flow into the sea. The average annual run-off 
of Lijin Station was about 29.1 billion m3, and the 
average annual sediment transfer was about 698 million 
tons. The channel spread quickly, and the sediment 
accumulated rapidly. The sediment continued to 
reclaim the land from the sea. After that, the entire 
estuary coast was “cotton-like” and quickly slid into the 
southeast with the coastline extending constantly. 

(2) The stable epeirogenic period is from 1987 to 
1996. The estuary and the sandspit were silted rapidly 
and gradually convex to the southeast. The silted sea 
area became deeper and wider year by year. The ocean 
power effects were increased. The sediment into the 
outer sea had less effects, leading a significant decrease 
in epeirogenic rate. In 1996, the river length below west 
estuary reached 65km. In order to ensure the oil 
exploitation in Shengli Oil Field, the Yellow River 
Conservancy Commission implemented Qing-8-cha 
diversion. When the project was completed, the south 
channel was abandoned, resulting in the gradual shrink 
of the channel, with an erosion rate of 0.52 km2yr-1. In 
1996, the Qingshuigou was diverted artificially to the 
north, the back and forth of southbound channel and 
northbound channel were extended by 20 km and 12 
km respectively. 

 
Fig. 9. Dynamic change of the waterline and channel centerline of estuary and sandspit 

 

 
Fig. 10. Variation of the estuary and the spit (a: land area, coastline length, b: epeirogenic rate, channel centerline 
extension rate) 



 
 
 Dynamic Evolution of the Yellow River Delta coastline Based on Multi-Source Remote Sensing 
 

 
Ekoloji 28(107): 615-627 (2019)  625 
 

(3) The rapid erosion period is from 1996 to 2003. 
The new and old sandspits were running north to south. 
The southern old sandspit eroded and receded in a large 
range. The northern new sandspit extended to the 
northeast sea area. The Qingshuigou Estuary overall 
had greater erosion than sedimentation. Since the start 
of the water and sediment adjustment experiment in 
Xiaolangdi Dam in 2002, the water and sediment flow 
into the sea had experienced from rapid increase to 
stability. From 2000 to 2002, the channel centerline had 
the fastest extension rate of 2.46 kmyr-1 with the channel 
extended by 5 km. 

(4) The erosion and siltation alternately period is 
from 2003 to 2015. Due to the different water and 
sediment allocations in different years, the ocean power 
and river dynamics had strong and weak effects 
alternately. The estuary and sandspit showed alternating 
erosion and siltation. The land area did not change very 
much. 

CONCLUSION 
With the support of RS/GIS integrated application 

technology, this paper interprets and extracts the 
coastline evolution of the Diaokou River Estuary and 
Qingshuigou Estuary in the Yellow River Delta. This 
paper also studies the change process of siltation and 
erosion in the coastal zone of Diaokou River Estuary 
and Qingshuigou Estuary. There comes to following 
conclusions: 

(1) From 1976 to 2010, the estuary of the Diaokou 
River Estuary completely lost its water and sediment 
supply. From the remote sensing images, being affected 
by the ocean power, the shoreline continued to erode 
and recede. The land area decreased from 332.4 km2 to 
192 km2 with an annual erosion rate of 4.01 km2yr-1. 
Regional land area had sudden changes in 1985, 1993, 
1997, 2003 and 2007 respectively. From 2010 to 2015, 
the water supplement had recovered in Diaokou River 
Channel. Under the influence of water and sediment 
regulation, the coastline erosion was controlled 
effectively. The erosion rate of the coastal zone of the 
Diaokou River Estuary was significantly reduced with a 
basic balance between erosion and siltation effects. The 
total erosion area was about 2.826 km2, the total siltation 
area was about 3.156 km2, and the net siltation area 
reached 0.33 km2. Among them, the western part of the 
convex bank was mainly eroded and receded, and the 
eastern part of the concave bank had siltation. 

This research found that strong storm surges will 
affect the coastline and land area changes of the Diaokou 
River Estuary, causing the land erosion. The regular 
water supplement is effectively in reliving the shoreline 
regression, as well as protecting the ecological shoreline 
and ecosystem stability. 

(2) After 1976, the epeirogenic area of the 
Qingshuigou Estuary increased. The increment of land 
area was 300 km2, and the average siltation rate was 7.56 
km2yr-1. The coastal zone of estuary evolution process is 
divided into four periods: rapid siltation period (1977-
1987), stable epeirogenic period (1987-1996), rapid 
erosion period (1996-2003) and erosion and siltation 
alternately period (2003-2015). Stage. The maximum 
epeirogenic rate of the estuary and the sandspit is 24.53 
km2yr-1 in 2003-2005. The minimum epeirogenic rate 
of the estuary and sandspit is -29.96 km2yr-1 in 2002-
2003. 

There is a significant positive correlation between 
the epeirogenic rate and the inflow water and sediment 
through analyzing the epeirogenic process in the estuary 
and sandspit area of Yellow River Delta. The greater the 
amount of inflow water and sediment, the more likely 
the coastal zone of estuary to accumulate, and the 
epeirogenic area is larger. The less inflow water and 
sediment, the epeirogenic rate is slower in the coastal 
zone of estuary, and the more possibilities that the 
erosion of coastal area occurs. The study found that the 
critical level of water-sediment is the condition for the 
erosion and siltation of the Yellow River estuary coast 
being in equilibrium. The estimated critical level can be 
applied to the scientific management of the coastal zone 
Yellow River Delta as a minimum constraint and a 
guarantee for the healthy development of the Yellow 
River Delta. 
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