		
1. Dataset acquisition

1.1. SST and CHL

1.1.1. Download a dataset of satellite observations for SST and CHL from MODIS-Aqua (podaac-tools.jpl.nasa.gov/), where the spatial resolution of both datasets is roughly 4.5 km at daily intervals (Screenfile 1). 

NOTE: Structure the directory of folders and data following the example scripts folder available in the Supplemental Files. Store the .nc files of the satellite data in the 'Data' folder. Add the path of the toolbox for NetCDF file in the analysis software (i.e., MATLAB). Select Add with subfolders to enclose the paths of the 'UTILITIES' folder and its subfolders (Screenfile 2).

1.1.2. Determine the time span. To maintain consistency among different datasets, use the same time span for all parameters. Adjust the time span based on the temporal coverage and use the longest observation period among different datasets. For this protocol, download 15 years of data from October 2002 to September 2017.

1.1.3. Determine the spatial coverage.

NOTE: The designed study region is between 105°E and 123°E and between 0° and 25°N. 

1.1.4. Check preprocessing instructions. Read instructions in the .nc files regarding the preprocessing requirements of SST and CHL data (e.g., whether scaling is needed). 

NOTE: The downloaded dataset already removed the data over land and within 5 km of the coastline, as well as those contaminated by clouds. 

1.1.5. Load SST and CHL data into the analysis software. Type Read_MODIS_SST in the command window to read the data for SST. Similarly, type Read_MODIS_CHL in the command window to read the data for CHL (Screenfile 3). Transform the CHL data logarithmically because they have a log-normal distribution31.

NOTE: Loaded variables include SST and CHL in three dimensions, representing meridional location, zonal location, and time in days, respectively. The range of SSTs is between -2 and 44, and the range of CHL is between 0.01 and 20. 

1.2. Sea level anomaly (SLA)

1.2.1. Download daily SLA data with a 25 km spatial resolution from 2002–201732. 

NOTE: SLA describes the difference between the observed sea surface height and the mean sea surface height over 20 years (1993−2012) for the corresponding pixels. The SLA data are processed by SSALTO/DUACS and distributed by Archiving, Validation, and Interpretation of Satellite Oceanographic Data (AVISO, https://www.aviso.altimetry.fr).

1.2.2. Load data into the analysis software. Load single-day SLA data by typing Read_SLA in the command window (Screenfile 4).

NOTE: The 'Data' folder in the Supplemental Files only includes one sample datum in the script for illustration. 

1.3. Wind speed

1.3.1. Obtain the wind information from an ERA-Interim reanalysis product, which is a global atmospheric reanalysis dataset developed by the European Center for Medium-Range Weather Forecasts (ECMWF)33. Download wind data for the same period (October 2002–September 2017) to maintain consistency with the CHL and SST data. 

NOTE: The wind dataset has a spatial resolution of approximately 25 km and was interpolated from the original dataset with a spatial resolution of approximately 0.7°.

1.3.2. Load data into the analysis software. Type Read_WindVector in the command window to read the one-month wind data (Screenfile 5). Calculate the monthly mean by averaging the original data, which is at 6 h intervals.

1.4. Topography

1.4.1. Download the high-resolution topography data from the National Centers for Environmental Information website (NCEI, https://maps.ngdc.noaa.gov/viewers/wcs-client/). The spatial resolution is ~2 km. Obtain the ETOPO1 data for bedrock in XYZ format for the selected study region (Screenfile 6).

1.4.2. Load data into the analysis software. Type Read_topography in the command window to load the topography data into the analysis software (Screenfile 7).

2. Data preprocessing

2.1. Temporal average

2.1.1. Due to the large cloud coverage in the SST and CHL data, replace the original data with 3-day average data. To do this, after running the Read_MODIS_SST.m and Read_MODIS_CHL.m scripts (step 1.1.7), type Temporal_average in command window to run the script (Screenfile 8). 

2.2. Interpolation into the same grid

2.2.1. Because the spatial resolution is not consistent for different datasets, interpolate the SST and CHL data into a spatial grid that is the same as the wind and SLA spatial grid before making comparisons. After running the Temporal_average.m and Read_WindVector.m scripts, type Interpolation_grid in the command window to run the script (Screenfile 9). 

2.3. Wind stress and wind stress curl

2.3.1. Type Wind_stress_curl (Screenfile 10) in the command window to calculate the wind stress (WS) and wind stress curl (WSC) using the following equations:

 (1)

 (2)

where  is the wind speed vector;  is the WS in the same direction as the wind vector;  and  are the WS in the east and north directions, respectively;  is the air density (equal to 1.2 kg/m3); and C is the drag coefficient (a value of 0.0015 is used) under neutral stability conditions34. 

2.4. Monthly averages

2.4.1. Calculate the monthly SST, wind, and SLA time series as 30-day averages in each pixel by typing Monthly_average (Screenfile 11) to run the script. Due to the high cloud coverage rate, use a 60-day average as the monthly time series for CHL, including 30 days before to 30 days after the 15th day of the month. 

3. SST front detection

3.1. Spatial smoothing

3.1.1. Type Spatial_smoothing to run the script to average the three-day SST data in each pixel (Screenfile 12). 

NOTE: A large amount of noise was identified in the SST data. Thus, data was smoothened with a 3 x 3 spatial average. When no data were available in the original 3-day averaged data, the spatial averaged data were set as unavailable. 

3.2. SST gradient

3.2.1. Type SST_gradient to run the script to calculate the zonal and meridional SST gradients (i.e., Gx and Gy, respectively) as the SST difference between the nearest two pixels divided by the corresponding distance (Screenfile 13) via equation (3). Use the obtained gradient vector to calculate the total gradient, G, as a scalar following equation (4).
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3.3. Local maximum

3.3.1. Identify a front by testing the value of SST gradient: label the pixel as a potential frontal pixel if the value is larger than a designated threshold. Only maintain the local maximum pixel in the same direction perpendicular to the gradient direction if there are connected pixels with values larger than the threshold (Screenfile 14). Here, define the threshold as 0.035 °C/km following former studies10,28. 

NOTE: The corresponding script ‘Local_maximum.m’ is available in Supplemental Files.

3.4. Monthly frontal probability (FP)

NOTE: The frontal probability (FP) describes the probability of observing a front take place.

3.4.1. Calculate FP for a certain time span (in this case, the monthly interval), by typing Monthly_FP to run the script (Screenfile 15). Divide the occurrence of fronts at each pixel during a time window by the day number that is free of clouds. 

4. Spatial and temporal variability

4.1. Seasonal cycle

4.1.1. Calculate the seasonal cycles of different factors as the averages of different seasons. Define the seasons as follows: winter is from December to February, spring is from March to May, summer is from June to August, and fall is from September to November. 

NOTE: The seasonal cycle is not shown in this study; the following method (EOF) is used to explain the spatial and temporal variability instead.

4.2. Empirical orthogonal function (EOF)

4.2.1. Remove the temporal average and unavailable pixels. Before conducting the EOF, subtract the overall mean at each pixel and exclude the locations where missing observations exceed 20% because of cloud coverage. Load data by typing load('Monthly_data_for_EOF.mat') in the command window.

4.2.2. Apply an EOF to describe the spatial and temporal variabilities in different parameters. Type Empirical_orthogonal_function.m to run the script to calculate the magnitude (Mag), eigenvalues (Eig), and amplitude (Amp) of the EOFs for the dataset (i.e., time series of monthly averaged SST, wind stress, wind stress curl, CHL, and FP, Screenfile 16). 

NOTE: The function decomposes the monthly time series into different modes, which are composed of spatial and temporal patterns and the variance explained by each mode decreases with increasing mode number. 

5. Intercorrelation

5.1. Correlation at the seasonal scale

5.1.1. Calculate the correlations between two factors using their time series at each pixel by typing Seasonal_correlation to run the script (Screenfile 17). Because the seasonal cycle is not removed, check the significance of the correlation for all correlations. 

5.2. Correlation of an anomalous field

5.2.1. Calculate the correlations between the monthly anomalies of the CHL and other factors, such as SST, WS, fronts, and SLA. Obtain the monthly anomalies (i.e., the deviation from the mean status) by subtracting the overall average for the corresponding month from the monthly time series. Type Anomalous_correlation to run the script and obtain the correlations (Screenfile 18). 

6. Displaying information and calculating relationships

6.1. Display satellite information.

6.1.1. Type Sat_SCS_Fig3457 to run the script to generate a showcase of satellite information, including SST, CHL, and frontal distribution. Set the current folder as ‘scripts’ where the data ‘Sat_SCS_data.mat’ are located (Screenfile 19).

NOTE: Figure 1, Figure 2, Figure 3, and Figure 4 show SST, CHL, fronts, wind, and topography for the selected date as an example.

6.2. Display EOF result by typing Sat_SCS_Fig890.m to run the script (Screenfile 20). 

NOTE: Figure 5, Figure 6, and Figure 7 describe the spatial magnitude, monthly average, and time series of first two modes for CHL, SST, and fronts, respectively.

6.3. Calculate the relationship between chlorophyll and other factors at seasonal and anomalous fields by typing Sat_SCS_Fig1112.m to run the script (Screenfile 21). Obtain the correlation map for seasonal variability (Figure 8) and anomalous field (Figure 9).
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