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Abstract：Chongming Dongtan is an important habitat for international migratory birds. It is of 8 

great significance to study its land use and habitat quality change for rare waterfowl protection 9 

and ecological environment restoration. Based on the land use data in 2002, 2012 and 2020, this 10 

paper analyzes the relationship between land use change and habitat quality evolution in 11 

Chongming Dongtan in recent 18 years by using InVEST model, land use dynamic degree and 12 

land use degree index. The results show that the main types of land use in the study area are water 13 

area and cultivated land, followed by woodland, reed beach, grass beach, bare beach and 14 

construction land. Among them, bare beach and construction land have changed dramatically, the 15 

former continuing to decrease while the latter continuing to increase. And the increasing speed 16 

began to slow down after 2012, and the increasing part was mainly from the surrounding 17 

cultivated land. Secondly, in terms of time change, the degradation of habitat quality in 18 

Chongming Dongtan has been gradually improved from aggravating trend in the past 18 years. In 19 

terms of spatial distribution, the habitat degradation degree of Chongming Dongtan is higher in 20 

the east and lower in the west, spreading from the center to the surrounding. Based on this, the 21 

change of land use and the interference of human activities are the important reasons for the 22 

change of ecological environment quality.  23 

 24 
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 26 

1. Introduction 27 

Habitat quality refers to the ability of the ecosystem to provide suitable individuals and 28 

populations with sustainable survival and reproduction within a certain space and time range, and 29 

is an important ecosystem service. Stable habitat quality is an important basis for maintaining 30 

biodiversity of the ecosystem, which reflect regional biodiversity to a certain extent [1-2]. Studies 31 

have shown that land use change is the main driving force of habitat quality change. By changing 32 

the ecosystem structure and function, land use change causes the fragmentation and loss of species 33 

and effective habitats of the ecosystem, and then leads to habitat degradation [3]. Therefore, the 34 

evaluation of habitat quality based on land use change can not only clarify whether the land use 35 

pattern and intensity within the study area are reasonable, but also help to reveal the change law 36 

and driving mechanism of habitat quality in the study area, which has important scientific 37 

significance for promoting regional ecological protection and sustainable development [4]. 38 

InVEST (Integrated Valuation of Ecosystem Services and Tradeoffs) was jointly organized 39 

and developed by Stanford University, The Nature Conservance and Century Nature 40 

https://storage.googleapis.com/releases.naturalcapitalproject.org/invest-userguide/latest/habitat_quality.html


Foundation. Habitat Quality module in the model has been widely used by scholars at home and 41 

abroad to evaluate Habitat Quality. For example, foreign scholars used InVEST model to evaluate 42 

the temporal and spatial variation of habitat quality in the Nile Basin of the Ethiopian Plateau and 43 

its relationship with landscape characteristics [5], the change of habitat quality in Jeju Island [6], 44 

and the habitat environment of amphibians in the North American prairie [7]. At present, habitat 45 

quality assessment based on land use change and revealing the impact of land use change on 46 

habitat quality have become one of the research hot-spots [8]. Liu Fangtian et al. [9] used InVEST 47 

model combined with Markov model to quantitatively evaluate the habitat quality of Xinjiang 48 

Corps and non-Corps and the evolution of habitat quality caused by land use change. Wang Geng 49 

et al. [10] used GIS technology and InVEST model to conduct quantitative assessment of habitat 50 

quality in coastal areas of Dandong, and analyzed the impact of land use change on habitat quality 51 

in combination with the law of land use change. Huang Muyi et al. [11] analyzed the spatial and 52 

temporal evolution of habitat quality and the interaction and gradient effect of landscape pattern 53 

based on InVEST model and topographic position method in the Dabie Mountain in western 54 

Anhui Province. Han Yanli et al. [12] used InVEST model and "3S" technology to quantitatively 55 

estimate the habitat quality in the Qinghai Lake Basin, analyzed the temporal and spatial 56 

distribution characteristics of habitat quality in the Qinghai Lake Basin, and revealed the impact of 57 

land use change on habitat quality in the basin.  58 

Chongming Dongtan, located at the estuary of the Yangtze River, is an internationally 59 

important estuarine tidal flat wetland, as well as an important post station and wintering habitat on 60 

the migration route of global migratory birds "East Asia - Australia", among which Chongming 61 

Dongtan Bird National Nature Reserve is located [13]. As one of the most important ecologically 62 

sensitive regions in the world, Chongming Dongtan is rich in natural resources and has an 63 

extremely important ecological location. Therefore, it is of great significance to evaluate the 64 

habitat quality based on land use change and reveal the impact of land use change on the habitat 65 

quality of Chongming Dongtan. However, with the increasing impact of a series of factors such as 66 

reduced water and sediment in the upper reaches of the Yangtze River, reclamation utilization of 67 

tidal flats, invasion of alien plant species and disturbance of human production and construction 68 

activities [14], the land use types in the east beach of Chongming have changed dramatically, which 69 

has threatened the habitat of migratory birds. Based on this, this paper takes Chongming Dongtan 70 

as the research area, based on the analysis of land use change in the Chongming Dongtan during 71 

2002-2020, this paper evaluated the habitat quality spatio-temporal by InVEST model, and 72 

discussed the impact of land use change on habitat quality, aiming to restore the low-value area of 73 

habitat quality and coordinate the relationship between economic development and ecological 74 

environment protection. It is expected to provide some theoretical support for land management 75 

and ecological construction of Chongming Dongtan in the future.  76 

2. Data and Methods 77 

2.1 General situations of research area 78 

Chongming Dongtan (121°43 '-122 °05' E, 31°24 '-31 °39' N), located in the north of 79 

Shanghai and the easternmost part of Chongming Island, was deposited by a huge amount of 80 

sediment transported by the runoff of the Yangtze River under the interaction of the river and 81 

sea. Based on Chongming Dongtan Wetland Reserve and adjacent agricultural reclamation areas, 82 

the study area is buffered 5 kilometers to the west (Figure 1), with a total area of 552.17 square 83 



kilometers. 84 

Chongming Dongtan belongs to the subtropical monsoon climate, humid climate, four 85 

distinct seasons. The annual average temperature is 15℃-16℃, the extremely high temperature is 86 

37.3℃, the extremely low temperature is -10.5℃, the annual average frost-free period is about 87 

320 days, the annual average rainfall is 900mm-1050mm, mainly from April to September, and the 88 

relative humidity of the air is 82%. Chongming Dongtan is formed by sediment accumulation. The 89 

terrain is flat and the elevation is between 3.2 and 4.4 meters. Generally, it is higher in the west 90 

and lower in the east, with little difference in elevation. From west to East, it can be divided into 91 

high tide beach, middle tide beach and low tide beach. In 1992, Chongming Dongtan Wetland was 92 

listed in China Protected Wetlands List. In 1998, Chongming Dongtan Wetland Reserve was 93 

established. In 2002, Chongming Dongtan Wetland Reserve and its surrounding constructed 94 

wetlands were listed as international important wetlands, and in 2005, it was upgraded to national 95 

nature reserve.  96 

 97 

Fig.1  Location map of Chongming Dongtan 98 

2.2 Data source and processing 99 

The land use data in this paper (2002, 2012, 2020) are all from the geospatial data cloud 100 

platform (http://www.gscloud.cn) of Computer Network Information Center, Chinese Academy of 101 

Sciences. The spatial resolution of the data is 30m, and the cloud coverage is less than 5%. 102 

According to the Classification of Land Use Status (GB/T21010-2017) and the purpose of the 103 

study, the land use types in the study area can be divided into eight categories: reed beach, grass 104 

beach, bare beach, water area, dry land, paddy field, woodland and construction land. The 105 

standard image was generated by the steps of band combination, radiation correction, image 106 

fusion and image cropping with ENVI5.2 software, and the land use status map of the three phases 107 

was obtained by human-computer interactive interpretation method (Figure 2). After classification 108 

was completed, the error matrix was established with ENVI software and the Kappa coefficient 109 

was calculated. The results of Kappa coefficient in 2002, 2012 and 2020 are 0.8828, 0.8733 and 110 



0.8939, respectively, which indicates that the classification results are authentic and reliable. 111 

According to the accuracy evaluation of 85 GPS verification points collected from the field, the 112 

average overall accuracy of land cover types can reach 91.25%, and the classification accuracy is 113 

high, which provides a guarantee for the follow-up research.  114 

 115 

Fig.2  The distribution of land use of Chongming Dongtan 116 

2.3 Research methods 117 

2.3.1 Single land use dynamic degree 118 

The single land use dynamic degree represents the quantitative change rate of a certain land 119 

use type in a certain period of time in a region [15], and its calculation formula is as follows: 120 
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In the formula, K represents the single land use dynamic degree of a certain land type; aU122 

and bU and represent the area of a certain land use type in the early and late stages; T is the 123 

length of a given period of time; K value reflects the change rate of a specific land use type in a 124 

given period of time.  125 

2.3.2 Land use degree 126 

The degree of land use can not only reflect the law of land use change, but also reflect the 127 

influence of human activities and natural environment on land use [16]. According to the land use 128 

grading index method and land use degree model proposed by Liu Jiyuan et al., land use is divided 129 

into four grades [17], as shown in Table 1.  130 

Table 1  Classification index table of land use degree 131 

 Unused land class 
Forests, grasses and water 

class 
Land grade in agriculture Urban settlements class 

Land uses type bare beach 

reed beach 、

grasslandwoodlandwat

er area 

dry land、paddy field construction land 

Grading index 1 2 3 4 

The model of land use degree is as follows: 132 
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La is the comprehensive index of land use degree in the study area; Ai is the grade i index of 134 

land use degree in the study area; Ci is the area percentage of grade i land use type in the study 135 

area.  136 

2.3.3 InVEST habitat quality model 137 

InVEST habitat quality assessment model is based on land use type data to evaluate habitat 138 

quality. In this study, this module was used to evaluate the spatial and temporal evolution of 139 

habitat quality in Chongming Dongtan in 2002, 2012 and 2020.  140 

（1）The calculation formula of habitat degradation degree ( xjD )[18] is as follows: 141 
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In formula (3) to (5), xjD  represents the degradation degree of the total threat level of grid 145 

unit x in land use type j; r is the threat factor; Yr represents the total number of all grid units of 146 

threat factor r in the current land use/cover type map; 
r  is the weight coefficient of the threat 147 

factor, and its value is [0,1]. ry represents the number of threat factors in all grid units of threat 148 

factors in the current land use/cover type map; B is the level at which 149 

law/institution/society/nature protects each unit from interference, with a value of [0,1] (this factor 150 

is not taken into account in this paper, so the model will automatically assign this value as 1 at run 151 

time). jrS  represents the sensitivity of each land use type to different threat factors. xyir  152 

represents the influence of threat factors on the whole space, xyd  represents the linear distance 153 

between grid units x and y, and maxrd  represents the maximum image distance that each threat 154 

factor can reach in the space.  155 

（2）The calculation formula of habitat quality [18] is as follows: 156 
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In Equation (6), xjQ  represents the habitat quality of grid unit x in land use type j; jH  158 

represents Habitat (suitability) values of different land use types j; xjD  represents the degradation 159 

degree of the total threat level of raster unit x in land use type j; z is a fixed value provided by the 160 

system, with a value of 2.5; k is the half-saturation constant.  161 

The operation of this module needs to obtain four kinds of necessary data, which are the 162 

current land use/cover map, threat data, sensitivity of land cover type to each threat factor, 163 

half-saturation constant. On the basis of invest model manual and related research [19-23], reed 164 

beach, dry land, paddy field and construction land were selected as threat factors in this study. 165 

According to the actual situation of the study area and experts' suggestions, threat factors and 166 

sensitivity of threat factors were assigned (Table 2 and Table 3).  167 

Table 2  Ecological threat factor attribute table 168 



Threat factor 
Maximum distance of 

stress（km） 

Weight Spatial decay function 

reed beach 0.5 0.2 exponential 

dry land 2 0.4 exponential 

paddy field 2 0.4 exponential 

construction land 1 0.8 exponential 

Table 3  Sensitivity of various land use types to ecological threats 169 

Land use type Habitat suitability reed beach dry land construction land paddy field 

reed beach 1 0 0.2 0 0.2 

grass beach 1 0.2 0 0 0 

bare beach 0.8 0.5 0 0 0 

water area 0.8 0 0 0.5 0 

dry land 0 0.2 0 0.5 0.6 

paddy field 0 0.2 0.6 0.5 0 

woodland 0 0 0.2 0.5 0.2 

construction land 0 0 0 0 0 

Note: Habitat suitability is assigned according to the contribution of each habitat type to the maintenance of main animal and plant 170 

resources in the study area. 171 

3. Results and Analysis 172 

3.1 Analysis of land use change 173 

In the past 18 years, the changes of land use in Chongming east beach are different (Table 4). 174 

Water area is the main type of land use in the study area, accounting for more than 39% in each of 175 

the three periods, mainly including seawater, aquaculture water, rivers and ditches. Paddy field in 176 

the study area decreased first and then increased, with an overall increase of 375.41hm2, 177 

accounting for 0.68% of the study area; The dry land increased first and then decreased, and the 178 

net decreased area and proportion were 832.95 hm2 and 1.51% respectively; The area of bare 179 

beach decreased significantly and the change range was the largest, with a total decrease of 180 

5310.31hm2, which reached 9.62%; Woodland increased continuously, and the net increase area 181 

and increase rate were 1004.47hm2,1.82%, respectively; The grassland area increased first and 182 

then decreased, and decreased by 789.39hm2, accounting for 1.43% of the study area; The reed 183 

beach decreased first and then increased, with an overall increase of 1181.7hm2, accounting for 184 

2.14% of the study area; The area of construction land increased continuously, and the net increase 185 

area and growth rate were 1598.15hm2, 2.89% respectively.  186 

Table 4  Area and proportion of each land use type in Chongming Dongtan 187 



Land use type 

2002 2012 2020 

Area/hm2 Ratio/% Area/hm2 Ratio/% Area/hm2 Ratio/% 

reed beach 2033.19 3.68 2007.54 3.57 3214.89 5.82 

grass beach 3228.21 5.85 3592.44 6.39 2438.82 4.42 

bare beach 7277.13 13.18 2205.9 3.92 1966.82 3.56 

water area 21840.84 39.55 26172.99 46.56 24613.4 44.58 

dry land 5555.52 10.06 5702 10.14 4722.57 8.55 

paddy field 10368.81 18.44 10084.46 17.94 10744.22 19.46 

woodland 2955.78 5.35 3357.27 5.97 3960.25 7.17 

construction land 1957.95 3.55 3094.83 5.51 3556.1 6.44 

The single dynamic degree of land use type indicates the speed of land use change. The 188 

change of single land use dynamic degree in Chongming Dongtan from 2002 to 2020 shows 189 

(Figure 3) that from 2002 to 2012, bare beach and construction land have the fastest change in 190 

land use area, with dynamic degrees of - 6.97% and 5.81% respectively; However, from 2012 to 191 

2020, reed beach and grass beach had the fastest change in land use area, with dynamic degrees of 192 

7.52% and - 4.01% respectively. On the whole, reed beach, water area, paddy field, woodland and 193 

construction land showed an increasing trend, and the dynamic degrees were 3.23%, 0.71%, 194 

0.20%, 1.89% and 4.53% respectively. On the other hand, grass beach, bare beach and dry land 195 

showed a decreasing trend, and the dynamic degree was -1.36%, -4.05% and -0.83%, respectively. 196 

The results show that construction land is the fastest increasing land use area, while the bare beach 197 

is the fastest decreasing land use area, which is closely related to the increase of population, the 198 

reclamation of tidal flat and the invasion of alien plant species in Chongming Dongtan since the 199 

new century.  200 

 201 

Fig.3  Change of Single land use dynamic degree in Chongming Dongtan from 2002 to 2020 202 

In order to fully understand the structural characteristics of land use change in Chongming 203 

Dongtan during this period, the land use transfer matrix (Table 5) was constructed. From 2002 to 204 

2012, reed beach and grass beach were transformed into each other in this stage. and the area of 205 
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reed beach land converted to grass beach land (844.84hm2) was larger than that of grass beach 206 

land converted to reed beach land (696.51hm2). This was mainly due to Spartina alterniflora began 207 

to invade the living range of reed and Scirpus mariquete since it was introduced in the late 208 

1990s, After the introduction of Spartina alterniflora, the invasion threat began to appear gradually. 209 

The bare beach is mainly transferred to grass beach and reed beach, and it is still the reserve living 210 

space of beach vegetation. The area transferred from water area to paddy field reached 754.42hm2, 211 

accounting for 41.00% of the amount transferred from water area, mainly from the previously 212 

reclaimed and uncultivated areas. The area of cultivated land transferred to water area was 213 

1319.59hm2, which is mainly the result of developing aquaculture and aquatic crops in Dongtan. 214 

The conversion area of woodland is small and the retention rate is high, and the main types of 215 

conversion are construction land, dry land and paddy field. The construction land increased 216 

rapidly at this stage, and the transferred increased area was 1720.92hm2, in which the proportion 217 

of dry land and paddy field was up to 36.15% and 42.11%, respectively.  218 

Table 5  Land use transfer matrix in Chongming Dongtan                    hm2 219 

Year Land use type reed beach grass beach bare beach water area dry land paddy field woodland construction land 

2002— 

2012 

reed beach 476.96 844.84 172.91 189.33 60.81 240.63 27.05 20.66 

grass beach 696.51 1354.10 295.04 420.76 41.91 354.03 51.92 13.94 

bare beach 584.59 1245.44 1052.26 4169.08 30.84 142.38 15.82 36.72 

water area 224.02 108.00 652.50 20000.58 38.05 754.42 54.51 8.76 

dry land 3.24 4.13 9.48 274.43 4006.70 238.46 396.91 622.17 

paddy field 10.66 16.97 9.37 1045.16 548.61 7565.25 448.14 724.65 

woodland 8.01 6.83 11.76 69.44 216.06 186.77 2162.89 294.02 

construction land 3.55 12.13 2.58 4.21 259.02 102.52 200.03 1373.91 

2012— 

2020 

reed beach 688.80 273.39 108.51 253.26 36.72 509.91 79.23 57.52 

grass beach 1240.92 908.82 380.28 336.39 63.19 585.48 33.68 36.56 

bare beach 381.38 513.93 808.24 249.90 16.35 174.91 28.27 32.62 

water area 877.60 655.91 643.19 23003.91 14.60 857.30 68.00 26.10 

dry land 8.33 15.67 7.80 201.38 3585.72 321.43 661.86 398.84 

paddy field 6.34 41.39 8.71 431.33 527.43 7806.98 422.77 338.47 

woodland 6.97 17.97 7.38 85.75 308.64 322.95 2500.00 107.23 

construction land 4.21 10.82 2.13 20.94 168.38 164.55 165.77 2557.01 

Compared with the previous stage, from 2012 to 2020, the area of reed beach to grass beach 220 

(273.39hm2) is much smaller than that of grass beach to reed beach (1240.92hm2), which is mainly 221 

due to the large-scale management of Spartina alterniflora in Dongtan area, which makes the reed 222 

beach gradually recover. The transfer area of bare beach to reed beach and grass beach was 223 

895.31hm2, which was 934.72hm2 less than that of the previous stage. The water area transferred 224 

into reed beach and grass beach increased by 1201.49hm2 compared with the previous stage. Dry 225 

land and paddy field still maintained a relatively high unchanged area, accounting for 68.94% and 226 

81.46% of the total area, respectively. Water area accounted for a relatively large proportion of the 227 

converted area of paddy field, which was mainly due to the fact that part of the cultivation ponds 228 

were converted into cultivated land after reclamation. Forestland was mainly transferred to dry 229 

land and paddy field, accounting for 36.02% and 37.69%, respectively. The transfer out area of 230 



construction land is small, and the main types of transfer out are cultivated land and woodland, 231 

which is mainly due to the land reclamation caused by the withdrawal of homestead. In the 232 

transfer type of construction land, cultivated land and forest land are still the main sources.  233 

3.2 Impact of land use change on habitat 234 

Based on the land use data of three periods, the average habitat quality index and habitat 235 

degradation degree were calculated based on formula (3) - (6). and the habitat degradation degree 236 

was divided into five grades: basically unchanged, weak degradation, moderate degradation, high 237 

degradation and strong degradation; ArcGIS software was used to make statistics on the above 238 

calculation results, and combined with the land use degree index in Figure 4, the response of 239 

habitat change to land use change in Chongming Dongtan was analyzed.  240 

3.2.1 Temporally, the impact of land use change on habitat 241 

From the perspective of time change (Table 6), from 2002 to 2020, the area of the basically 242 

unchanged level of habitat quality degradation continued to decline, with a decline rate of 4.6%. 243 

However, the area of weak degradation level of habitat quality increased continuously, and the 244 

increasing area and proportion were 4072.5hm2 and 7.37%, respectively. This is mainly due to the 245 

area of the basically unchanged level of habitat quality degradation was transferring to the weak 246 

degradation level, It leads to the continuous increase of its area. The basically unchanged level of 247 

habitat quality degradation and the weak degradation level of habitat quality belong to the low 248 

value area of habitat quality degradation, which can be classified as one kind of research. From 249 

2002 to 2020, the sum of the two areas accounted for more than 70% of the total area, which 250 

indicated that the overall habitat quality of Chongming Dongtan is good, and the degradation 251 

degree of habitat quality is low. This is closely related to the small proportion of construction land 252 

area (all less than 7%) and the weak disturbance of human activities in Chongming Dongtan. The 253 

area proportion of moderate degradation and high degradation habitats showed the same trend of 254 

increasing at first and then decreasing. The increase of habitat degradation area in the former stage 255 

was mainly related to the increase of the inflow area of construction land and the increase of dry 256 

land and paddy fields as threat factors in the study area. The reduction of habitat degradation area 257 

in the latter stage was mainly related to the implementation of the ecological control of Spartina 258 

alterniflora and bird habitat optimization project in Chongming Dongtan since 2013, which 259 

artificially improved the habitat quality of bird habitat in the reserve. The area of strong 260 

degradation habitats has been increasing year by year, which is directly related to the increase of a 261 

series of human disturbance factors such as the increase of population and human production and 262 

construction activities in Chongming Dongtan. However, the proportion of strong degradation 263 

habitats is lower than 10%, which indicates that the protection of the habitat in Chongming 264 

Dongtan is relatively good and the degradation of habitat quality is under control.  265 

Secondly, combining with the land use degree index (Figure.4), it was found that the land use 266 

degree index increased continuously from 222.75 to 237.33 during 2002-2012, while the average 267 

habitat quality index decreased from 0.5171 in 2002 to 0.4874 in 2020, and the proportion of 268 

strong degradation level area of habitat quality also increased from 5.19% to 8.07%; However, as 269 

the increase rate of land use degree index decreased after 2012, the area proportion of moderate 270 

degradation and high degradation habitat quality decreased, while the area proportion of basically 271 

unchanged and weak degradation habitat quality increased, which fully indicated that there was 272 

correlation between land use degree and habitat quality change. In a sense, it is revealed that land 273 



use change has a direct impact on the evolution of habitat quality.  274 

Table 6  Degraded area, proportion and average value of habitat quality of different grades in Chongming 275 

Dongtan 276 

Degradation grade of habitat 

quality 

2002 2012 2020 

Area/hm2 Ratio/% Area/hm2 Ratio/% Area/hm2 Ratio/% 

Basically unchanged 33681.06 61.00 30822.66 55.82 30589.85 55.40 

Weak degradation 8149.77 14.76 8274.96 14.99 12222.27 22.13 

Moderate degradation 5261.85 9.53 6797.79 12.31 4105.67 7.44 

High degradation 5256.9 9.52 6292.8 11.40 3841.22 6.96 

Strong degradation 2867.76 5.19 3029.22 5.49 4458.04 8.07 

Average habitat quality index 0.5171 0.5125 0.4874 

Note: the average habitat quality index is a continuous variable ranging from 0 to 1. The closer it is to 1, the better the habitat quality will 277 

be. 278 

 279 
Fig.4  Land use degree index change of Chongming Dongtan from 2002 to 2020 280 

3.2.2 Spatially, the impact of land use change on habitat 281 

From the perspective of spatial pattern change (Figure.5), the habitat degradation degree of 282 

Chongming Dongtan from 2002 to 2020 has a trend of high in the East and low in the west, 283 

spreading from the center to the surrounding, and the spatial performance is the expansion of 284 

degraded areas. The area of basically unchanged and weak degradation habitats is mainly located 285 

in the peripheral waters of Chongming Dongtan and the eastern protection area. These areas are 286 

mainly reed beach, grass beach and bare beach, which are close to the ocean and are rich in 287 

biodiversity. The moderate degradation level of habitat quality was mainly distributed in the 288 

coastal area, and the main land use types were cultivated land and woodland. The high and strong 289 

degradation level of habitat quality mainly distributed in the center of Chongming Dongtan, where 290 

there is a large population density, intensive construction land for urban residents, strong land use 291 

and development intensity, and more disturbance from human activities. From 2002 to 2012, it can 292 

be found that the area of high and strong degradation of habitat quality increased significantly, 293 

combined with the above land use transfer matrix, the area of construction land increased at this 294 

stage, secondly as threat factors of upland and paddy field area is also increasing, indicates that 295 

with the change of land use, habitat quality appear the corresponding degradation; Compared with 296 

2002 and 2012, it can be found that the area of strong degradation level of habitat quality in 2020 297 

is still expanding, but the area of moderate and high degradation of habitat quality is significantly 298 

reduced, and the reduced area is mainly in the nature reserve, which indicates that the moderate 299 
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and high degradation of habitat quality in the nature reserve is transferred to the weak degradation 300 

of habitat quality. The habitat quality of the nature reserve has been effectively improved, which is 301 

mainly due to the implementation of Spartina alterniflora ecological control and bird habitat 302 

optimization project in Chongming Dongtan. The improvement of bird habitat quality is promoted 303 

through artificially changing land use, which also reveals that land use is the main driving factor 304 

of habitat quality change.  305 

 306 

Fig.5  Spatial distribution of habitat degradation degree in Chongming Dongtan from 2002 to 2020 307 

4. Discussion and Conclusions 308 

(1) The main land use types in the study area are water area and cultivated land, followed by 309 

woodland, reed beach, grass beach, bare beach and construction land. Among them, the change of 310 

bare beach and construction land was more intense, and the bare beach continued to decrease, with 311 

a reduction ratio of up to 9.62%. The area of construction land is increasing continuously, and its 312 

increasing speed begins to slow down after 2012. The increase is mainly from the conversion of 313 

surrounding arable land.  314 

(2) In terms of time change, the degradation of habitat quality in Chongming Dongtan has 315 

been gradually improved from the worsening trend in the past 18 years. From 2002 to 2012, the 316 

degradation of habitat quality was relatively obvious. After 2012, although the area of strong 317 

degradation habitats continued to increase, with the decrease of the proportion of the area with 318 

moderate and high degradation level of habitat quality, the area with basically unchanged and 319 

weak degradation level of habitat quality increased. As well as the decrease of dynamic degree of 320 

construction land, Spartina alterniflora management and bird habitat optimization, the grass land 321 

with low habitat suitability changed to reed land with high habitat suitability, which promoted the 322 

improvement of habitat quality in Chongming Dongtan. It can be seen that the change of habitat 323 

quality is closely related to the inter-conversion of land use.  324 

(3) In terms of spatial distribution, the habitat degradation degree of Chongming Dongtan has 325 

a trend of high in the East and low in the west, spreading from the center to the surrounding. The 326 

main reasons for the high degradation of habitat quality in the east are the high population density, 327 

the intensive construction land for urban residents and the high intensity of land use and 328 

development in this region. However, the low degradation degree of habitat quality is due to the 329 

fact that it is located in the nature reserve with less interference from human activities. 330 
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