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Abstract: Reclamation changes the characteristics of water movement, then affects the marine environment system, and may
even lead to environmental disasters. The influence on the 4 aspects of the current field, wave field, suspended sediment field and
topography were summarized. Impacts of large area of reclamation project on the marine environment are found very few, and to
expand the study scope and make up for the current lack of a wide range of studies on multiple reclamation impacts on the marine
environment is an important research direction in the future; In the long time scale, it is a lack of long-term cumulative effects on
coastal reclamation and whether the influence can restore; the present study focuses only on the impact evaluation of scope, type,
and degree from lack of exploring the potential mechanism; It is a lack of interdisciplinary research, and the analysis of
comprehensive influence of reclamation projects on land, sea and biological and ecological environment.
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Because of China's rapid growth of reclamation area [6],
coastal zone suitable for reclamation reduce drastically [7],
and the focus of reclamation is gradually from the high to
middle and low beaches which also fall sharply [8]. The
reclamation project changes the hydrodynamic conditions and
marine sediment conditions, which produce the change of tide
flow field and deposition. And the greater reclamation area is,
the greater the effect of hydrodynamic conditions are [9]. The
impact on coast erosion, seabed topography, port and
waterway siltation, estuary deposition, bay tidal volume and
coastal beach stability and ecosystem [10-13] near
reclamation project will be brought [14-21], which will be
more and more serious [22] and aggravate the flood disaster in
some areas in a certain extent [23].

Aiming at the present reclamation situation of Jiangsu in
China, Zhang C K, et al. [24] proposed the development of
coastal resources should follow the natural evolution, and the
reclamation spatial layout should not damage the ecological
environment, change the radial sandbanks dynamic model,
affect the port berth and deepwater channel, and influence the
estuary flood drainage. The impact of small range reclamation

1. Preface

Reclamation refers to an engineering technology of
building dike to settle along the river, lakeside and seaside.
Coastal development was dominated by farmland and
aquiculture in early reclamation whose proportion reduced
relatively in medium term, and the proportion of port and
urban construction with high economic value increased
gradually in late development [1-3]. Reclamation has become
an important measure to solve the contradiction between man
and land and promote economic development in the coastal
areas. Based on remote sensing and GIS technology, the total
amount of reclamation shows a trend of decreasing first and
then increasing in the past 1985-2010 years in China. Among
them, reclamation intensity of the Bohai rim economic circle
and the Yangtze River Delta Economic Zone was the largest
whose total amount of reclamation accounted for 85.7% of the
whole country [4]. The coastal reclamation intensity growth
rate in the case study areas of Yellow River estuary from 2000
to 2015 is about 37.97% [5].
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on water and sediment environment is researched in the
present. And, as long as it is not the large scale reclamation
and environmental impact assessment is well done before
reclamation, the negative impacts of a single project on the
water and sediment environment of estuary, coast, gulf, and
near the island are not obvious, even can be neglected.
However, for a coastal area, the cumulative effects of
long-term heavy reclamation cannot be ignored [25].

Zhang C K, et al. [26] proposed reclamation layout should
be in accordance with topography characteristics and water
dynamic field, and the enough tide channel must be set aside
to protect the smooth of the intersection of progressive and
rotating tidal wave in the central area of radial sand ridges,
maintaining the existing situation of dynamic-topography.
However, the project essentially changes the characteristics of
the water movement in the vicinity of the reclamation area,
thus it affects the marine ecological environment system, and
may even lead to environmental disasters. Therefore, the
research and analysis of the impact of reclamation project is of
great importance to optimize the overall layout and the
scientific, effective and rational exploitation of resources
[27-28]. Hydrodynamic conditions are the basis of sediment
transport and topography evolution, therefore, it is necessary
to study the changes of hydrological dynamic conditions
before and after reclamation. It is shown in figure 1 of the
coastal reclamation plan of Jiangsu province, China.
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Figure 1. Plan of coastal reclamation project in Jiangsu Province, China.
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2. Research Status

The reclamation project has changed the natural coastline,
topography, bay area and other natural attributes of the sea,
resulting in the changes of the water and sediment dynamic
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environment. With the development of computer technology,
besides the analysis and comparison of data, the mathematical
model is more and more widely applied to solve the apractical
problems of offshore engineering [29]. The mutual effects of
multi-factors such as wind, wave, tide, flow, salinity and
sediment in wide-range estuary and coast can be solved by
mathematical model whose application in coastal engineering
in recent years has been paid more and more attention to.

2.1. Research on the Influence on Tidal Flow Field

As the reclamation narrows the bay's spatial scale and
reduces the standing wave reflection distance, reclamation
usually results in weakening tidal currents within the bay. Ou J,
et al. [30] simulated the tide of Taizhou Bay before and after
reclamation, and found that tide characteristics are basically
unchanged and channel flow velocity isn’t influenced after the
reclamation project. Therefore, without changing the
characteristics of the tide, the tidal resources can be developed
and utilized.

Zhang Qin, et al. [31] studied the reclamation area of
Taizhou Bay and found that the impact of tidal flat reclamation
project on hydrodynamic characteristics was confined to the
waters near the reclamation area. After the reclamation of
large-scale tidal flat, the estuary narrows and the area of the
water area reduces, which made the amplitude of M2 tidal
wave near the reclamation area decrease and the tidal wave
velocity of spreading to the shore slow down. The fluctuation
urgent velocity of the waters near the reclamation area reduces
greatly and the flow direction changes. The high water level of
spring tide of sea area and the tidal volume of the estuary
reduces to a certain extent. On the basis of the data in 2002,
Chen D X, et al. [32] found that after the southern Oujiang
reclamation, the maximum velocities of the flood and the ebb
tide increase. Lv H N [33] studied the influence of Wenzhou
offshore reclamation project on the hydrodynamic force of
Oujiang Estuary by using the measured data in 2007 and POM
model. It was found that the station's maximum ebb tide flow
rate has the trend of reduction. In addition, the effect of the
project on the M2 tide is not significant. In the vicinity of the
sea area, most tides have northward trends, but the flow rate
changes slightly. Song Z K, et al. [34] built the 2D vertical
average tidal  mathematical model of  Yangtze
Estuary-Hangzhou Bay by using Mike 21 FM. Based on the
verification of the model using the measured data, the tidal
field before and after the large-scale reclamation was
simulated and analyzed in the north branch. It was found that
after the large-scale reclamation, the average high tide level
rises and the average low tide level reduces in the whole north
branch. The velocity of the flood and ebb tide in the upstream
and middle reaches of the river increases, and the downstream
velocity decreases. Confluence of rising tidal currents of the
north and south branches shift upward, and the tide power
increases.

Tao J F, et al. [35] based on the numerical model of the 2D
tidal current forecast in Jiangsu offshore waters, and carried
out numerical simulation of 3 stages of Jiangsu coastal beach
reclamation planning (2010-2020), taking the year of 2008 as
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the base level (status quo). The influence of the large-scale
beach reclamation project on the tidal current in the coastal
waters of Jiangsu Province was discussed from three aspects:
the wave of main tidal constituent distribution, the tidal
channel velocity and the change of the tidal volume of unit
width. The numerical simulation results showed that after the
reclamation project of 3 stages, amphidromic point of M2
shifts slightly to the northeast, coastal tidal wave propagation
speed accelerates, and tidal wave expansion is enhanced. After
the first and second stages of the reclamation project, the tidal
prism of unit width of Xiyang channel increases by more than
10%, and the fluctuation urgent velocity increases in rate of
about 20%. The tidal prism of unit width of other channels
changes about 5%, and the fluctuation urgent velocity changes
slightly. After the third stage reclamation project, the tidal
prism of unit width and the fluctuation urgent velocity of
Xiyang channel increased by more than 20%. But the tidal
prism of unit width of Xiaomiaohong channel reduces by
more than 20%, and flow rate reduces about 10%.

In recent years, the research and application of 3D model is
becoming more and more wide, but because of the complexity
of 3D simulation, most research results are obtained in the
extension on the basis of two-dimensional, and 3D model
require to know more conditions and its algorithms is complex,
such as the processing of free surface and bed surface
boundary condition, so the results are not necessarily more
accurate than the 2D model. For large-scale sea area, 3D
simulation is not much more practical and extensive than 2D
simulation in engineering applications. A 3D finite element
model for tide movement in the Adriatic Sea was established
by Benoit [36], which was based on the improved equations. A
3D flow mathematic model of Tiaozini waters based on EFDC
model was established by Liu X D [37] and the tidal flow
fields before and after the Tiaozini reclamation were simulated.
After first-stage reclamation project, it has little effect on the
tidal flow field of radial sandbank while mainly increases the
water blocking effect near the waters of engineering, resulting
in the decrease of local velocity on the east side of dike. After
the implementation of reclamation project, tidal level around
Liangduo Estuary and Fangtang Estuary uplifts slightly, which
obstructs the tide of north-south trend along the bank of
engineering area. It has a certain impact on the direction of the
flow of the coastal waters around the embankment in
engineering area outside, but has little effect on the offshore
flow field of radiating sandbar. In the perspective of tidal
power, the reclamation project is feasible.

2.2. Research on the Influence on Wave Field

It was found through simulation by Wang Q, et al. [38] that
the effective design wave height and the mean wave period of
50-year return period in Jiangsu coastal waters have a trend of
reduction after the implementation of the reclamation
planning project of Jiangsu coastal beach. They are basically
unchanged in the north of Jiangsu, while vary a lot in the south.
The advanced third generation wave model SWAN was used
to study coastal Jiangsu by Fan C J [39]. It was found that after
the implementation of the reclamation project, coastal beach

changes. In the normal weather condition, the distribution of
wave field in Jiangsu north and south waters is different. Wave
height is mainly influenced by the Jiangsu coastal terrain.
Contour lines of wind wave field are almost parallel with the
isobaths in the northern waters while complicated in the
southern waters, which reflects the underwater terrain changes
to some extent. But when the typhoon transit, affected by the
typhoon intensity and path, wave height contour distribution
will change with time. After the reclamation planning of
Jiangsu coastal beach was carried out, wave height and period
vary slightly in the planning reclamation area of coastal
northern Jiangsu while vary greatly in the southern coastal
Jiangsu, but the influence is limited, and its magnitude is
smaller.

2.3. Research on the Influence on Suspended Silt Field

The reclamation project of Zhoushan Island was studied by
Ji'Y ], et al. [40]. It was summarized that the fundamental
changes of waterway and seabed erosion and deposition
environment in the surrounding waters are caused by the
sediment dynamic conditions. It changes from groove erosion
and beach deposition before to dramatical siltation after
reclamation, and the maximum waterway deposition thickness
is up to 26m. According to the analysis, the reclamation
project changes the suspended sediment transport model of
waterway. Large amounts of sediment transport in a form of
transit before reclamation while sand which is in and out the
bay with flat ground formed by reclamation will be dominated
by subsidence. The effect of reclamation on the deposition of
tidal barrage [41] was researched by Gong Z [42]. Wang Port
taken as an example, based on RS technology, it was found
that reasonable plan of Wang Port is that reclamation of high
beach should be between the average spring high tide level
and the mean high tide level according to the direction of 30 to
45 degrees. Wang L S [43] studied the impact of reclamation
on the sediment transport in estuaries and coastal waters of
Wenzhou. It was found that due to the large long-term
engineering reclamation area, the corresponding effect is
largest, while the influence of medium and short-term projects
are relatively small. Zhang R S [44] believes that reclamation
in supratidal zone has little effect on the general tide in China's
current conditions, and it has a certain influence in the storm
tide or flood tide in autumn, but the solution is to increase 2-3
times of scouring.

A nested 2D flow and sediment mathematical model is
established by Ke J, et al. [45] to predict the change of water
and sediment environment caused by engineering plan in
Lianyungang, Jiangsu province of China. The results show
that the large-scale reclamation plan of Haizhou Bay has little
influence on the water and sediment environment of
extensiveness, and it doesn’t change the tidal current
movement and  suspended  sediment  distribution
characteristics. The effect mainly concentrate on the estuary of
Linhong River, where tidal flow and high value region of
suspended silt changes obviously. But in Liezi estuary and
Xiuzhen estuary, the change caused by reclamation project is
relatively small. Based on the nested 2D current sediment
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mathematical model, it was found that after reclamation the
holistic tidal current and suspended sediment field of research
area in Haizhou Bay changes slightly [46], but tidal prism
decreases after reclamation, resulting in the decrease of flow
velocity, and it is basically silted around the reclamation
project area especially the left of the engineering, while
Linhong Estuary is locally scoured. Based on the Mike 21
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model, the siltation thickness under gate caused by
reclamation is about 2 cm, predicted by Yang D C, et al. [47].
It is found that the reclamation of Haizhou Bay will not cause
the severe siltation of Linhong River Estuary gate, and the
research scope and the distribution characteristics of
observation points, feature points and characteristic section
are shown in figure 2.
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Figure 2. Research scope, observation points, characteristic points and characteristic section distribution of Haizhou Bay, Jiangsu Province.
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Figure 3. The distribution and variation of tidal creeks in the central Jiangsu
research area.

2.4. Research on the Influence on Terrain

It was found that continuous reclamation will cause more
and more narrow and steep tidal beach by Wang Y P, et al. [48]
in coastal areas of Jiangsu, China. The width and slope of the
tidal flat will not stop adjusting until the reclamation project is
completed. In the study area of central Jiangsu, the tidal gully
has obvious degradation and extinction trend under the
influence of large-scale beach reclamation. In the whole
reclamation process, the main drainage way of late ebb tide
transforms gradually from tidal creek to the beach face [49], as
shown in figure 3. On the basis of satellite remote sensing
image with high resolution at different periods, the dike line
and the average high tide line were extracted rapidly by Qu W
X, et al. [50]. The influence of reclamation activities on the
beach terrain of Sheyang estuary was analyzed. The results
indicate that the method can effectively extract the
information of dike line.

3. Summary and Outlook

Through the above analysis, the impact of reclamation
project on the water and silt environment offshore is mainly
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focused on the researches on tidal current field, wave field,
suspended silt field and topography. But there are many
problems, which provide important reference for future
research. Details are as follows.

(b) The

(a) The aspects of predictive evaluation before reclamation

planning and the changes of hydrodynamic environment
after the completion of small scale reclamation project
were mainly studied in China, and the influence of a
large-scale reclamation on marine environment was
seldom researched. Therefore, it is an important
research direction to expand the research scope and
make up for the lack of research on the impact of
large-scale and multiple reclamation areas on marine
environment.

researches on the influence of nearshore
reclamation on water and silt environment are mostly
focused on the comparison of the change of their
characteristic parameters, but few studies have been
conducted to measure their change process by timescale.
In the long timescale, there is a lack of long-term
cumulative impacts of nearshore reclamation and its
performance of restoration. In the future, the time span
should be enlarged and the influence process and
cumulative effect should be studied more deeply.

(c) The present study only focuses on the range, species and

extent of the impact of reclamation on marine
environment, but the potential mechanism of the
influence is less explained and explored.

(d) About the study depth, interdisciplinary cross study is

less, the combined impact of reclamation projects on
land, marine, biological and ecological environment
cannot be in-depth analyzed.
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