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Abstract: Sea level rise (SLR) has a significant impact on the vegetation ecosystem in coastal wetlands.
Taking coastal China as the study area, the SLAMM (sea level rise affecting marsh model) was used
to simulate the continuous long-term (2015–2100) effects of the spatiotemporal changes in mangrove
and Spartina alterniflora in the four shared socioeconomic pathway scenarios (SSP1-2.6, SSP2-4.5,
SSP3-7.0, and SSP5-8.5) of sea level rise by 2100; then, ArcGis was used to assess and compare the
impact of SLR on land use. The results are as follows. (1) The dramatic reduction in the vegetation
area is positively correlated with the rate of sea level rise. (2) Tidal differences and sedimentation rates
affect the response of mangrove and S. alterniflora distribution to sea level rise, as well as interactions
between organisms. (3) The reasonable land use of coastal wetlands is important to researchers. Land
use is one of the tools for effective mangrove conservation. In conclusion, in scientific research and
production practice, it is important to combine the biotic and abiotic factors affecting the distribution
of mangroves and S. alterniflora.

Keywords: mangrove; Spartina alterniflora Loisel; SLAMM (Sea Level Affecting Marshes Model); sea
level rising; coastal wetland protection

1. Introduction

Mangroves and salt marshes, as important parts of coastal wetland ecosystems, cover
less than 2% of the total global ocean area, but their carbon stocks exceed 50% of the ocean
carbon stocks, making them some of the most productive ecosystems in the world [1,2].
They play a pivotal role in mitigating sea level rise, reducing the rate of climate warming,
and protecting biodiversity. Mangroves are tidally influenced woody plant communities
that grow in the intertidal zone of tropical and subtropical beaches [3], and they possess
great ecological value for human beings, society, and the environment; as producers of
coastal wetland ecosystems, they can form soil sediments through carbon sequestration.
C assimilation in mangroves may have been underestimated due to methodological short-
comings and insufficient data on the key components of C dynamics [4], in addition to
having multiple functions such as detecting and filtering pollutants to purify water bod-
ies and providing ideal habitats for aquatic animals. Mangrove forests in China cover
22,700 hectares, and are mainly in Guangdong, Guangxi, Fujian, and Hainan. The carbon
stock of Chinese mangroves is 6.91 ± 0.57 Tg C, whereby 82% of which exists in the surface
to 1 m soil and 18% comes from mangrove biomass [5]. According to preliminary estimates,
the average annual net carbon sequestration of Chinese mangroves exceeds 200 g/cm2,
which is higher than the global average of 174 g/cm2 [6]. Tidal swamp is an important salt
marsh vegetation with a similar living environment to mangroves, which mainly grows
in the coastal wetlands of Bohai Sea, Yellow Sea, and East Sea in China, mainly including
Phragmites australis, Suaeda glauca, Spartina alterniflora, and other species.
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Since the 1970s, mankind has been increasingly concerned with studying global
change and climate change. The Intergovernmental Panel on Climate Change (IPCC)
Fourth Assessment Report (AR4) highlights that significant changes, mainly characterised
by global warming, are an important element of the global climate system experienced
in the last 100 years. Warming-induced increases in sea surface temperature, sea level
rising, and extensive glacial melting will have a significant impact on coastal zones. The
coastal zone is located in the transition zone between ocean and land, and is sensitive
to climate-change-induced SST rise, sea level rise, seawater intrusion, storm surge, and
coastal zone erosion [7]. The fifth report (AR5) released by the IPCC suggests that the global
mean sea level has risen by 0.19 m from 1901 to 2010. The direct impact of sea level rise on
estuarine wetlands is a reduction in area. The front edge of estuarine wetlands, due to lower
elevation, may lead to ecological problems, such as the degradation of ecosystem functions
because of sea level rise, in addition to area reduction. However, species distribution is not
only influenced by climatic conditions [8], but studies have shown that biological effects are
also important factors affecting species distribution. In areas such as China, the mangrove
ecosystem has been damaged by the invasion of S. alterniflora, resulting in the degradation
of this vegetation and a significant increase in the distribution of S. alterniflora. Thus,
the development of mangroves and salt marshes is regulated by both biotic and abiotic
factors, and the development trend is different according to geographical differences. As
highly productive species, the stable development of mangroves and salt marshes plays an
important role in mitigating climate change and maintaining the ecosystem cycle. Therefore,
it is crucial to understand the development patterns and regulatory factors of mangroves
and salt marshes, as well as their responses to future climate change, in order to promote
the stable development of this ecosystem.

Understanding the distribution characteristics of population ecosystems is necessary
to take appropriate measures to promote the stable development of communities and
protect ecosystems. There are numerous methods to analyse the distribution characteristics
of species. Initially, species distribution characteristic curves were obtained via controlled
experiments, and the optimal ecological position of species could be roughly obtained. On
this basis, various species distribution models were gradually applied to the simulation
and prediction of species distribution. Species distribution models (SDMs) can clearly help
researchers to determine the ecological requirements of various species and predict the
potential range of species based on ecology and biogeography. Currently, the main species
distribution models commonly used are BIOCLIM (bioclimatic modelling) [9], DOMAIN
(domain environmental envelope) [10], ENFA (ecological niche factor analysis) [11], GAM
(generalised additive model) [12], GARP (genetic algorithm for rule-set production) [13]
and Maxent (maximum entropy) [14]. Among these models, the Maxent model is the most
widely used model value, which can obtain good results even in the case of incomplete
data. The Maxent model has been widely used in many fields such as plant and animal
conservation [14,15], endangered species management [16], invasive species control [17],
and agricultural zoning [16,18]. Hu [19] used Maxent to analyse the potential distribution
areas of mangrove and salt marsh communities, and obtained more accurate results in the
corresponding scale range. It was found that in terrestrial ecosystems, climatic conditions
are basically the main determinants of species distribution [20], and in marine ecosystems,
oceanographic features are important in determining species distribution. However, the
special living environment of mangroves and salt marshes makes their existence conditions
more stringent and their response to environmental and other conditions more sensitive.
In the process of analysing their potential distribution areas, considering terrestrial or
marine influences alone is far from sufficient to explain their distribution characteristics.
Hu [19], in 2020, analysed the potential distribution areas of mangroves in China based on
climate, marine, and topographic factors, and obtained more satisfactory results in this scale
range. Therefore, a more comprehensive consideration of species distribution regulators is
a prerequisite for the accurate analysis of mangrove and salt marsh species distribution
characteristics. At the same time, Craig W. Benkman [21] emphasised that in our analysis of



Forests 2023, 14, 831 3 of 15

species distribution, in addition to environmental conditions, interactions between species
are also important factors that regulate species distribution. By summarising past studies,
the main influencing factors of species distribution can be divided into two types of biotic
and abiotic influences. Biotic influences mainly include synergistic and competitive effects,
while abiotic effects mainly include factors such as climate, ocean, soil, and topography.
Therefore, studies that integrate biotic and abiotic factors need to be further developed.

The study uses version 6.7 of the SLAMM (Sea Level Affecting Marshes Model), which
was first developed in the 1980s with funding from the U.S. Environmental Protection
Agency (EPA) by Warren Pinnacle Consulting, with Dr. Richard A. Park making significant
contributions to the first five versions. The model simulates the major processes involved
in wetland conversion and shoreline displacement during long-term sea level rise. Tidal
marshes are probably one of the ecosystems most vulnerable to climate change, especially
with regard to accelerating sea level rise. The model divides the entire study area into
cells of equal size (typically between 5 m and 30 m), simulating each cell’s feature type
separately. The transfer between coastal feature types is demonstrated through a flexible
and complex decision tree that combines geometric and qualitative relationships. It predicts
the future distribution of wetlands under sea level rise and illustrates the results in graphs
and tables containing area sizes. In order to understand the distribution of wetland
organisms in more detail and to protect the diversity of coastal wetland organisms and
ecosystems, many scholars at home and abroad have used the SLAMM to simulate and
predict the future distribution and to assess the coastal wetland ecosystems under the
influence of global climate change. Lee [22] and Henry [23] used initial indicators of land
classification and elevation to model future feature distribution in northeast Florida’s
coastal wetlands and Yaquina Bay, respectively. After that, Wu [24], Wang [25], Li [26], and
Wang [27] considered the sedimentation rate, and the study areas were Chongming Dongtan
in Shanghai, Guangxi coastal zone, and Florida, U.S.A. Wu [24] and Wang [25] added
sedimentation to the sea level rise scenario. Sasha Li used SLAMM 6.0 to quantitatively
assess the effects of sea level rise on mangrove forests in Guangxi [28] and Song Pan and
Hui Wang et al. conducted a comparative study of the different deposition rates of Guangxi
coastal mangroves in response to sea level based on the SLAMM [29]. Most of these
studies were conducted for a single region, considering only environmental or biological
factors, and did not integrate the results from multiple regions or integrate biotic and
abiotic factors to obtain predictions of mangrove belt adaptation to sea level rise in the
corresponding region.

The ecological environment of mangrove forests and S. alterniflora is facing many prob-
lems and challenges. In recent years, with climate change and socioeconomic development,
mangrove and miscanthus ecosystems have been seriously affected. The future trends are
not yet clear. By studying the distribution patterns of coastal wetlands, especially man-
groves and S. alterniflora, we can understand the current progress and simulate and predict
the future scenarios, as well as accomplish the important task of protecting coastal wetland
ecosystems. This project uses the SLAMM to establish the basis of model simulation for the
coastal areas of mainland China, integrates the joint role of biotic and abiotic factors in the
distribution of mangroves and salt marshes, investigates the factors influencing the change
in species in the region under future climate change and their responses to climate change,
analyses the main causes of the decrease in the area of mangroves and S. alterniflora, and
provides practical guidance for the development of mangrove and salt marsh ecosystems.
This study will provide practical guidance for the development of mangrove and salt marsh
ecosystems and promote the stable development of coastal ecosystems.

2. Materials and Methods
2.1. Research Design

Figure 1 shows the flow chart of the method used in the study. In this study, remote
sensing data, observational data, and historical data were collected for coastal mangroves
and S. alterniflora in mainland China. On this basis, sea level rise scenarios with different
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sedimentation rates and four SSP scenarios were set up, and the SLAMM was applied to
assess the future changes in wetland ecosystem patterns in mainland China in multiple
simulation scenarios formed by the intersection of two factors, and to further analyse the
short-term and long-term trends in mangrove and S. alterniflora distribution patterns in
China under the combined influence of climate change. The spatial and temporal changes
in wetland patterns in China in recent years were combined with the analysis of future
trends, and countermeasures for the conservation of coastal wetlands in mainland China
based on realistic production practices are proposed.
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Figure 1. Workflow of the approach followed for this study.

2.2. Study Areas

The study area (Figure 2) shows seven coastal provinces (Shandong, Jiangsu, Shanghai,
Zhejiang, Fujian, Guangdong, and Guangxi Province). The geographical range of the study
area is between 20.22◦–38.40◦ N and 104.45◦–122.83◦ E. The climates in this area vary
from tropical monsoon to a warm temperate monsoon climate. Fuding (Fujian Province)
is the northern boundary of the naturally grown mangroves in China, with the lowest
monthly mean temperature being 8.4 ◦C [30]. Tides across the coastlines varied in type and
amplitude (Figure 1). Figure 2 also shows the land use categories of the locations, and more
detailed information about the categories is listed in Table 1.

Table 1. Description of the study areas with their equivalent SLAMM categories.

Code SLAMM Category Description

1 Developed Dry Land
SLAMM assumes developed land will be

defended against sea level rise. Category 1 needs
to be distinguished manually.

9 Mangrove Estuarine intertidal forested and scrub–shrub;
broad-leaved evergreen

11 Tidal Flat
Estuarine intertidal unconsolidated shore (mud
or organic) and aquatic bed; marine intertidal

aquatic bed

17 Estuarine Open Water Estuarine subtidal

19 Open Ocean Marine subtidal and marine intertidal aquatic
bed and reef

23 Tidal Swamp Tidally influenced swamp
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2.3. SLAMM Simulation

SLAMM version 6.7 was used for this study. The Sea Level Affecting Marshes Model
(SLAMM) simulates the dominant processes involved in wetland conversions and shoreline
modifications during long-term sea level rise. Tidal marshes can be among the most
susceptible ecosystems to climate change, especially with regard to accelerated sea level
rise (SLR).

2.3.1. Digital Elevation Maps and Slope

High-vertical-resolution elevation data may be the most important SLAMM data
requirement. The Terra Advanced Spaceborne Thermal Emission and Reflection Radiometer
(ASTER) Global Digital Elevation Model (GDEM) Version 3 (ASTGTM) provides a global
digital elevation model (DEM) of the land areas on Earth at a spatial resolution of 1 arc second
(approximately 30 m horizontal posting at the equator) (from LP DAAC-ASTGTM accessed
on 1 September 2022 (https://lpdaac.usgs.gov/products/astgtmv003/)). In an ArcGis
environment, DEM was converted to slope maps using “Surface” of “Spatial Analysis”.

2.3.2. SLAMM Categories

There are 26 land feature models defined in SLAMM, and each type has its unique
code. The model determines whether the relative sea level rise exceeds the survivable
elevation range of a vegetation by means of subduction and erosion conditions. We
joined the map of China’s coastline and the map of mangrove [30,31], S. alterniflora [32,33],
and developed dry land [34] distribution (National Earth System Science Data Center,
National Science and Technology Infrastructure of China accessed on 1 September 2022
(http://www.geodata.cn)), and corrected it using the provincial boundary map.

Then, DEM and slope maps were extracted using the mask of the SLAMM map; then,
the 3 maps were converted from “raster” to “ascii” files.

Input parameters required for SLAMM displayed in Table 2.

https://lpdaac.usgs.gov/products/astgtmv003/
http://www.geodata.cn
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Table 2. Input parameters required for SLAMM.

Description Shandong Jiangsu Shanghai Zhejiang Fujian Guangdong Guangxi

National Wetlands Inventory
Photo Date (YYYY) 2015

DEM Date (YYYY) 2015

Historic Trend (mm/year) 3

GT Great Diurnal Tide Range (m) 1.25 [35] 2.5 [35] 2.8 [36] 4.68 [37,38] 2.65 [39] 1.95 [39] 2.2 [39]

Mangrove Accretion (mm/ year) 12.4 [40] 56.5 [39] 13.8 [39] 6.7 [39]

Tidal Swamp Accretion (mm/ year) 7.2 [35]

2.3.3. SLR Scenarios

Shared socioeconomic pathways (SSPs) are scenarios of projected socioeconomic
global changes up to 2100. They are used to derive greenhouse gas emission scenarios
with different climate policies [41,42]. Chapter 9 of the IPCC Sixth Assessment Report
Working Group I report provides a comprehensive assessment of the latest monitoring and
numerical modelling results related to sea level, indicating that the current rate of sea level
rise (3.7 mm/a) is accelerating (2006–2018) and will continue to rise in the future, with an
irreversible trend. In the high-emission scenario (SSP5-8.5), the estimated global mean sea
level (GMSL) will rise by 0.20–0.30 m by 2050, and by 0.63–1.02 m by 2100, respectively [43].
The projected sea level rise under different shared socioeconomic pathway scenarios during
2030–2050 with a baseline of 1995–2014 (Table 3).

Table 3. The projected sea level rise under different shared socioeconomic pathway scenarios during
2030–2050 with a baseline of 1995–2014.

Year/SLR (m) SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5

2030 0.09 0.09 0.1 0.1

2050 0.19 0.21 0.22 0.23

2090 0.39 0.48 0.56 0.64

2100 0.44 0.56 0.68 0.77

2.4. Land Use Transfers

In order to predict the future number of pixels of each land type in the study area, the
Markov model was applied in the simulation of land use change [44]. In an ArcGis envi-
ronment, several maps from continuous time can be inputted to find out transformations,
including categories and areas in the land use transfers matrix. Changes in developed dry
land were the focus in this study, since the type combines costal vegetation and human
activities tightly.

3. Results
3.1. Dynamic Changes in Coastal China under Four SLR Scenarios

The land use changes in coastal China in 2100 are shown in Figure 3 under different
SLR scenarios. The most visible change is that the number of land use categories increased
from 5 to 9, including estuarine open water, transitional marsh, open beach, and regularly
flooded marsh, showing some transition. Compared to 2015, S. alterniflora had different
levels of loss in the latter two scenarios, with the SSP3-7.0 scenario showing a loss of 19.59%
by 2080 and 18.88% by 2100. The SSP5-8.5 scenario showed a damage of 19.61% by 2060, a
loss of 19.92% by 2080, and a decline of 20.48% by 2100. Mangrove loss started from 2020 in
all four scenarios, and the faster the rate of sea level rise, the more pronounced the change.
Compared with 2015, SSP1-2.6 minimised 2.0839% by 2100, SSP2-4.5 dropped 2.0853% by
2100, SSP3-7.0 reduced 6.0343% by 2100, and SSP5-8.5 lost 6.2195% by 2100.
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3.2. S. alterniflora Changes by Regions

Figure 4 illustrates the variation in area of intercalary S. alterniflora in different sce-
narios in different regions. The degree of drastic loss was in the following order, taking
the year 2100 in SSP5-8.5 as an example: Jiangsu (10.76%) < Fujian (12.56%) < Guang-
dong (117.87%) < Zhejiang (22.65%) < Guangxi (33.63%) < Shandong (37.45%) < Shanghai
(37.78%), and the tidal difference was as follows: Shandong (1.25 m) < Guangdong (1.95 m) <
Guangxi (2.2 m) < Jiangsu (2.5 m) < Fujian (2.65 m) < Shanghai (2.8 m) < Zhejiang (4.68 m),
according to Table 4. The tidal difference and the degree of loss patterns in Jiangsu and
Shanghai were in the same direction in the areas where only S. alterniflora grows. In the
mangrove areas, the main mangrove species was Kandelia obovata, and the tidal difference
between Zhejiang and Fujian was the same as the degree of loss. The tidal difference and
the degree of loss pattern were in the same direction in the two regions of Guangdong
(where the main species of mangroves is Avicennia marina).
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2060 36.57% 10.19% 0.00% 21.42% 11.80% 16.05% 32.16%

2070 36.68% 10.27% 37.22% 21.63% 11.92% 16.36% 32.43%

2080 36.85% 10.39% 37.35% 21.86% 12.07% 16.75% 32.69%

2090 37.08% 10.56% 37.52% 22.27% 12.31% 17.32% 32.95%

2100 37.45% 10.76% 37.78% 22.65% 12.56% 17.87% 33.63%

3.3. Mangrove Changes by Regions

Mangrove forests grow in four provinces of our study area: Zhejiang, Fujian, Guang-
dong, and Guangxi. Figure 5 shows the changes in mangrove forests in these four provinces
in different scenarios, and it can be found that the loss in mangrove forests in Guangxi was
the most visible, and the rest of the provinces tended to be stable. The area of mangrove
forests in Guangxi Province until 2100 will be 10,108.9868 hm2 (SSP1-2.6), 10,108.6283 hm2

(SSP2-4.5), 9059.5832 hm2 (SSP3-7.0), and 9010.384 hm2 (SSP5-8.5), respectively.
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The original sedimentation rate of mangroves in Guangxi province is 6.7 mm/a, and
the simulations were conducted by taking this and multiplying it by 1.5 times (10.05 mm/a)
and 2 times (13.4 mm/a), respectively. It could be found, as seen in Figure 6, that the ability
of mangroves to resist sea level rise was gradually increasing. At a rate of 10.05 mm/a, the
area of mangroves will not be drastically reduced. Therefore, the rate of 6.7 mm/a was used
as the starting standard, and 0.5 mm/a was used as the interval to increase sequentially.
The first two scenarios were almost unchanged. In the latter two scenarios, the mangrove
area decreased year by year for a rate less than 9.7 mm/a, while it did not decrease and
even appeared to be larger than the original area for the scenarios equal to or exceeding
9.7 mm/a.
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3.4. Land Use Transfers with Guangxi in SSP2-4.5 as Example

Since the SSP2-4.5 scenario is mild, Guangxi region under the SSP2-4.5 scenario was
selected as a typical example, and the “land use transfer” function was run in ArcGis to
obtain land use type changes, including type and area, during four continuous periods
(2020–2030, 2030–2050, 2050–2070, and 2070–2100), paying special attention to developed
dry land. From Figure 7, we can see that the areas of tidal flat (418,214.59 hm2 in 2030,
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418,137.33 hm2 in 2050, 418,062.43 hm2 in 2070, and 417,929.17 hm2 in 2100) and developed
dry land (34,116.81 hm2 in 2030, 34,058.23 hm2 in 2050, 34,006.64 hm2 in 2070, and 33,948.23
hm2 in 2100) were decreasing all the time and the area of tidal swamp (1132.84 hm2)
was staying the same, while the areas of ocean beach (326.54 hm2 in 2030, 340.56 hm2 in
2050, 351.05 hm2 in 2070, and 355.31 hm2 in 2100), estuarine open water (2051.31 hm2 in
2030, 2167.23 hm2 in 2050, 2276.53 hm2 in 2070, and 2448.25 hm2 in 2100) and open ocean
(342,973.23 hm2 in 2030, 342,978.30 hm2 in 2050, 342,984.68 hm2 in 2070, and 342,999.45 hm2

in 2100) were increasing persistently, and the area of mangroves was increasing and
decreasing. For the developed dry land, it has been shifting to ocean beach, estuarine
open water, and open ocean, except for the areas that themselves remain unchanged.

Forests 2023, 14, x FOR PEER REVIEW 10 of 15 
 

 

 
Figure 6. Mangrove changes in Guangxi in SSP5-8.5. 

3.4. Land Use Transfers with Guangxi in SSP2-4.5 as Example  
Since the SSP2-4.5 scenario is mild, Guangxi region under the SSP2-4.5 scenario was 

selected as a typical example, and the “land use transfer” function was run in ArcGis to 
obtain land use type changes, including type and area, during four continuous periods 
(2020–2030, 2030–2050, 2050–2070, and 2070–2100), paying special attention to developed 
dry land. From Figure 7, we can see that the areas of tidal flat (418,214.59 hm2 in 2030, 
418,137.33 hm2 in 2050, 418,062.43 hm2 in 2070, and 417,929.17 hm2 in 2100) and developed 
dry land (34,116.81 hm2 in 2030, 34,058.23 hm2 in 2050, 34,006.64 hm2 in 2070, and 33,948.23 
hm2 in 2100) were decreasing all the time and the area of tidal swamp (1132.84 hm2) was 
staying the same, while the areas of ocean beach (326.54 hm2 in 2030, 340.56 hm2 in 2050, 
351.05 hm2 in 2070, and 355.31 hm2 in 2100), estuarine open water (2051.31 hm2 in 2030, 
2167.23 hm2 in 2050, 2276.53 hm2 in 2070, and 2448.25 hm2 in 2100) and open ocean 
(342,973.23 hm2 in 2030, 342,978.30 hm2 in 2050, 342,984.68 hm2 in 2070, and 342,999.45 hm2 

in 2100) were increasing persistently, and the area of mangroves was increasing and de-
creasing. For the developed dry land, it has been shifting to ocean beach, estuarine open 
water, and open ocean, except for the areas that themselves remain unchanged. 

 

Figure 7. Land use transfers highlighting developed dry land: Guangxi in SSP2-4.5.

4. Discussions

Comparing the changes in mangrove and S. alterniflora in China’s inland coastal
provinces during sea level rise, the main factors for the differences were influenced by
climate differences between latitudes, tidal difference magnitude, sea level rise rate, plant
community deposition rate, and seawall obstruction.

4.1. Tidal Difference and Deposition Effects

In 2014, Fu [45] proposed “The smaller the tidal difference, the more sensitive man-
groves are to sea level rise”. As S. alterniflora and mangroves have similar habitats [46,47],
we hypothesise that the tidal difference in the S. alterniflora plant communities has a similar
pattern in response to sea level rise. The tidal differences in the coastal provinces of China
tended to decrease roughly from north to south, and the tidal differences in Guangdong
and Guangxi were significantly smaller than those in Jiangsu and Fujian, and so they were
more sensitive to sea level rise, and the area of S. alterniflora changed more rapidly, in line
with the pattern. However, not all areas in the experiment consistent with this relationship,
and the opposite even occurred when classified according to whether or not S. alterniflora or
mangroves were growing. From the perspective of plant community species composition
and community structure, different tree species in the plant communities of the seven
coastal provinces of China respond differently to sea level rise. In our analysis, in addition
to the narrowing of the width of the mangrove and S. alterniflora forest belts in front of
the dikes, which affects their smaller distribution areas, the relative sea level rise also
inevitably changes the community structure of both. In terms of biological factors, their
mutual constraints influence the response to sea level rise.
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4.2. Exploration of Suitable Tree Species for Mangrove Forest Planting in Guangxi

Estuarine wetlands are also the most prominent zone of sea–land interaction and
human activities, and are the focus of conflicts between environmental protection and
economic development [48]. With the development of coastal cities and ports, more
anthropogenic factors are also testing the adaptability of mangrove vegetation to the
environment. China’s largest coastal project to date has been the construction of seawalls,
and the “seawall + mangrove forest in front of the dike” is the main protection model in
China to ensure ecological, economic, and social benefits, and the protection, management,
and restoration of China’s mangrove communities are carried out according to this model.
However, under the future sea level rise, the construction of sea dikes will block the retreat
of mangroves and become a major barrier to the landward migration of mangroves. When
the increase in surface elevation of mangroves in front of the dikes is lower than the relative
sea level rise, the mangroves in front of the dikes will be squeezed, the area will be reduced,
and the community structure will be changed and even disappear [49].

Due to their own sedimentation and potential for expansion, there is evidence that
mangroves can actively resist the harmful effects of sea level rise [50]. It was pointed out
in one article that “if the sedimentation rate in mangrove areas can keep up with the rate
of sea level rise, sea level rise will not have a great impact on mangroves [45]”. Since the
lowest sedimentation rate (6.7 mm/a) was found in Guangxi mangroves (with Zhejiang
at 12.4 mm/a, Fujian at 56.5 mm/a, and Guangdong at 13.8 mm/a), Figure 5 shows the
most pronounced variation in Guangxi. From the results in Figure 6, it is known that
the deposition rate of Avicennia marina originally planted in Guangxi was 6.7 mm/a, and
the area was lost in all four of the future climate scenarios, because the deposition had a
positive effect on sea level rise; we used different deposition rates to conduct experiments
and found that the area was not lost when the deposition rate of mangrove plants was
9.7 mm/a and above. That is, mangrove plants with a sedimentation rate ≥9.7 mm/a
are suitable to be promoted and planted in the Guangxi area. The results of the SLAMM
simulations of mangroves in response to sea level rise in this study area show that different
tree species have different sedimentation rates and different sensitivities to sea level rise;
so, it is necessary to suggest more suitable tree species for mangrove-growing areas based
on the results of the simulations.

4.3. Production Guidance for Human Activities

A global mangrove decrease has been attributed primarily to human activity [51].
Anthropogenic loss hotspots across Southeast Asia and around the world have highly
threatened the ecosystem, though natural processes such as erosion can also play a vital
role. It was estimated that 62% of global losses between 2000 and 2016 resulted from land
use change [52]. The study by Dan Xinqiu and Liao Baowen mentioned that environmental
pollution has affected the healthy growth of more than half of China’s mangrove forests,
and the construction of dikes and reclamation, infrastructure and urban construction, ex-
cessive fishing and harvesting, invasive alien species, sediment siltation, etc., constitute the
main threats to more than 30% of China’s mangrove wetlands [53]. In conjunction with
the aforementioned seawalls that can cut off the retreat of mangroves, the link between
mangrove protection and land use should be strengthened to maintain normal production
activities. In addition to quality monitoring and supervision work on the surrounding
environment, the formulation and improvement of laws and regulations to punish over-
fishing and harvesting, and the attention paid to the competition between mangroves
and other species, etc., in land use, attention should be paid to combining urban progress
and ecological protection, formulating policies to restore and rebuild mangroves from a
macroscopic perspective [54], and moderately building nearby building sites for economic
development. Therefore, based on the simulation results of SLAMM 6.7, the coastal zone
around mangroves should be designed rationally to reduce coastal erosion, restore the light
beach, and cope with the slowdown of the sea level.
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Based on the results of the land use transfer matrix, recommendations are made for
developed dry land production practices, such as the following: (1) Transitional swamps,
frequently flooded swamps, mangroves, light beaches, beaches, and open seawater areas
that can be converted from developed dry land can be resisted by the appropriate planting
of vegetation. (2) Light beaches, beaches, and open seawater areas that can be transformed
into developed dry land need to be restored with better management. (3) The farms
themselves should be adapted to local conditions.

5. Conclusions

As a highly productive species, the stable development of mangroves and salt marshes
plays an important role in mitigating climate change and maintaining the development
of ecosystem cycles. At the same time, mangrove invasion alters the plant and microbial
structure of mangrove communities and weakens the carbon sink, and the two interact
at the biological level. Warming-induced increases in sea temperature, sea level rise, and
extensive glacial melt will have a significant impact on the coastal zone where they live.
Therefore, understanding the development and regulation of mangroves and salt marshes,
as well as their response to future climate change, is essential for the stable development
of these ecosystems. This paper used the SLAMM to simulate and predict the effects of
sea level rise on the distribution of mangroves and S. alterniflora along the Chinese coast.
The results are as follows: (1) The dramatic reduction in the vegetation area is positively
correlated with the rate of sea level rise. (2) Tidal differences and sedimentation rates
affect the response of mangrove and S. alterniflora distribution to sea level rise, as well
as interactions between organisms. (3) The reasonable land use of coastal wetlands is
important to researchers. Land use is one of the tools for effective mangrove conservation.

In this study, there were only five categories of “farm, mangrove, tidal flat, open ocean,
and tidal swamp” when setting up the feature classification, while the total classification of
SLAMM has 26 species; so, improving the fine classification may make the results more
accurate (but there was a test to remove the “tidal swamp” classification, and it was found
that it had little effect on the distribution of mangroves). The model does not take into
account elevation changes and the erosion effect on the light beach, which can further
increase the numerical model of elevation dynamics and input the erosion rate of the light
beach; because the study area is wide, the tidal difference, sedimentation rate, and sea level
rise rate were taken as the averages of the relevant studies in each province, which were not
as accurate as the small-area-specific data. In SLAMM, accretion data can only be inputted
by wetland habitats, but neglecting types such as developed dry land [55]. Additionally, as
an empirical model with static values for its parameters, the modelling results have certain
limitations [56]. The results obtained are the general trend. The SLAMM can be coupled
with the land-use-related model to guide the production practice by combining the land
use transfer matrix as mentioned in the previous section. The abovementioned points are
the parts of this study that need to be improved. For the researchers, it is expected that
mangrove ecology will be taken to a new stage by building upon the existing theoretical
basis of mangrove and mangrove distribution, continuously establishing and updating
research methods and tools, improving and refining prediction models, and conducting
in-depth studies on the adaptability of mangroves and their evolutionary mechanisms.
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