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Considering the large number of islands in the ECS and the absence of multi-source data for 
many island areas, this study excludes islands from the spatial extent and retains only the 
continental coastal zone to ensure data integrity and spatiotemporal consistency. 

3.2 Data Sources 

The data used in this study include remote sensing imagery from MODIS, Landsat 5 TM, 
Landsat 7 ETM+, and Landsat 8 OLI/TIRS, as well as raster datasets derived from these 
images, such as NDVI and NPP; vector data including maps, roads, and rivers; and 
socioeconomic statistics obtained from provincial and municipal statistical yearbooks and 
statistical bulletins. The specific data sources are summarized in Table 2. 

3.3 Algorithm 

3.3.1 Construction of the Ecological Resilience Assessment Framework and Indicator System 
Resilience assessment should consider not only the capacities demonstrated throughout the 
resilience process, but also the baseline conditions of resilience, indicating that resilience 
needs to be evaluated jointly from the perspectives of both process and baseline conditions 
(Table 3). The resilience process focuses on sources of pressure and system response 
capacities. Risk refers to factors that disturb and stress coastal ecosystems, reflecting the 
likelihood and severity of internal and external disturbances and stresses faced by the coastal 
zone. Resistance refers to the ability of coastal ecosystems to withstand the impacts of 
disturbances by virtue of their inherent attributes and indirectly reflects the extent to which 
coastal ecosystems are affected by them. Adaptation refers to the capacity of coastal 
ecosystems to respond to risk disturbances through passive adjustment and short-term 
updating when effective resistance cannot be achieved, thereby maintaining the stability of 
ecosystem structure and functions. Recovery refers to the capacity of ecosystems to recover, 
renew, and self-organize after experiencing risk disturbances. As the carrier and foundation 
of ecological resilience, the resilience baseline reflects the status of system elements in 
terms of quantity, structure, quality, and spatial configuration, and is influenced by 
ecosystem scale, density, and morphology. 
3.3.2 Weight Determination and Composite Index Calculation 
To eliminate differences in measurement units among indicators, all indicators were first 
normalized using the min-max method. A combined subjective-objective weighting 
approach was then adopted, in which the subjective weights were derived using the fuzzy 
analytic hierarchy process (FAHP), and the objective weights were obtained using the 
CRITIC (Criteria Importance Through Intercriteria Correlation) method. Based on the 
principle of Lagrange extremum conditions, the weighting coefficients a、 p were solved 

[15] to determine the final combined weights . Ecological resilience was then calculated by 
weighted summation using the composite index method. The Equations are as follows: 

w = awa +P吟   a + P = 1 (1) 
n 

ER = LWX
j 

(2) 
丿=I

Where wa is the subjective weight, w6 is the objective weight, w is the combined weight, 
ER denotes ecological resilience, and X1 represents the normalized value of the }-th
indicator. 

3.4 Technical Workflow 

This study integrated multi-source data, including remote sensing raster data, vector data, 
and socioeconomic statistics. For missing values occurring over multiple periods along 
administrative boundaries, kriging interpolation was applied for gap filling, and the 
interpolated results were mosaicked with the original data to produce a complete time series. 
To ensure the comparability and integrability of multi-source data, all datasets were uniformly 
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