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1. Text S1: Corrections and Validations of the Himawari-Derived chl-a Data 

AHI/Himawari-8 was not originally aimed at ocean remote sensing, but at meteoro-

logical applications [1]. By comparisons between the AHI-based chl-a, in situ chl-a and 

MODIS chl-a, previous studies have proved that the chl-a of Himawari-8 can be used after 

corrections [1,2], suggesting possibility of using future geostationary satellite missions for 

both meteorological and ocean-color purposes. Murakami [46] find that they can increase 

the Signal to Noise Ratio in the chl-a estimates and decrease the difference from MODIS 

chl-a by averaging the original 10-min images for more than one hour, and has shown that 

chl-a of Himawari-8 becomes noisy at 35° or higher latitude of the winter hemisphere ow-

ing to the long path of the solar light. We used Himawari-8 hourly chl-a products, and the 

study area is tropical ocean, which is less affected. Iwasaki [2] used the chl-a of Himawari-

8 to study the daily changes of chl-a concentration by typhoon activities, and found two 

obvious noises and dealt with them. We also dealt with these two kinds of noise according 

to Iwasaki’s method. 

The correction of two types of noise for the chl-a product of Himawari-8 was given 

as followings: First, Figure S1a shows the horizontal distribution of chl-a without any 

noise subtractions. It can be seen that there are two noises, one is a striping noise with an 

interval of about 5°, and the other is a spikelike noise. Then deal with them according to 

the noise removal method in Iwasaki [2]. Since MODIS can also provide monthly chl-a 

products without striping noise, we fit the monthly chl-a of Himawari-8 to that of MODIS 



by using the regression lines at each pixel. This study calculated the regression lines be-

tween the monthly chl-a of Himawari-8 and those of MODIS from August 2015 to Decem-

ber 2019 at each pixel. The horizontal distribution of chl-a after the MODIS fitting is shown 

in Figure S1b, basically the striping noise is removed. Finally, median filtering is used to 

reduce spikelike noise. The median filtering converts the value of a certain pixel to the 

median of 9 pixels. That is, with the target pixel as the center, the eight surrounding pixel 

values are sorted in order of magnitude, and their median value is selected as the value 

of the target pixel. In this way, the two types of noise are greatly reduced (Figure S1c). 

2. Text S2: Ekman Pumping 

This research requires the calculation of the upwelling (upw) caused by Ekman 

pumping. Price [70] proposed the Ekman pumping formula as follows: 

𝑢𝑝𝑤 =  𝛻 × (𝝉/𝜌𝑓), (1) 

where 𝑓 is the Coriolis parameter, 𝜌 is the seawater density (1020kg m−3), and 𝜏 is the wind 

stress vector, which can be calculated as follows:  

𝝉 =  𝜌𝑎𝐶𝐷|𝐔𝟏𝟎|𝐔𝟏𝟎; (2) 

𝐶𝐷 = {

(4 − 0.6|𝐔𝟏𝟎|) × 10−3          𝑓𝑜𝑟 |𝐔𝟏𝟎| < 5 𝑚 𝑠−1;        

(0.737 + 0.0525|𝐔𝟏𝟎|) × 10−3   𝑓𝑜𝑟 5 𝑚 𝑠−1 ≤ |𝐔𝟏𝟎| < 25𝑚 𝑠−1

2.05 × 10−3                  𝑓𝑜𝑟 |𝐔𝟏𝟎| ≥ 25 𝑚 𝑠−1       

 (3) 

where 𝜌𝑎 is the air density (1.26 kg m−3), 𝐶𝐷 is the drag coefficient [4,5], and 𝐔𝟏𝟎 is the 

10-m wind vector. 

3. Text S3: The Identification of Typhoon Impact Days 

The impact of typhoons on ocean has been extensively studied. Typhoons can cause 

local vertical mixing or entrainment and upwelling, and transport cooler and high-nutri-

ent seawater to the surface, thereby promoting an increase in the chl-a concentration and 

oceanic phytoplankton/primary productivity [6,7,8,9,10]. The monsoon winds and the oc-

casionally strong wind events are the most important forces driving primary production 

in the central Beibu Gulf [16]. The response of the upper ocean to the typhoon will last for 

several days, depending on the strength of the typhoon and the duration of the strong 

wind or the transit time in response to the typhoon [6,11,12]. Therefore, in order to distin-

guish the influence of typhoon and LLJ, the before, during and after typhoon days are 

removed, according to the intensity and duration of the typhoon to eliminate the influence 

of typhoon days. The selected typhoon impact days are shown in the following Table S1. 

The identification of typhoon impact days are added as text S2 and table S1 in the supple-

mentary materials. 

4. Table and Caption 

Table S1. The typhoons impacting the Beibuwan Gulf and their impacts periods during summer-

time from 2015–2019. 

Year Typhoons Name Transit Periods Total Impact Periods 

2016 

MIRINAE 7.25–7.28 7.25–8.4 

NIDA 8.1–8.2 8.1–8.5 

DIANMU 8.18–8.19 8.18–8.26 

2017 

TALAS 7.15–7.17 7.15–7.22 

SONCA 7.21–7.25 7.21–8.1 

HATO 8.23–8.24 8.23–8.27 



PAKHAR 8.27–8.28 8.27–8.31 

2018 

EWINIAR 6.5–6.9 6.5–6.16 

SON-TINH 7.18–7.25 7.18–8.1 

BEBINCA 8.12–8.17 8.12–8.24 

2019 

MUN 7.2–7.4 7.2–7.7 

WIPHA 7.30–8.3 7.30–8.10 

PODUL 8.28–8.30 8.28–8.31 

Table S2. Mean and standard deviation (std) of chl-a concentration in each segment on low-level 

jet (LLJ) days and non-LLJ days in a) Region A, b) Region B and c) Region C. Region A, Region B, 

and Region C are the black boxes shown in Figure 4i. 

chl-a con-

centration 

(mg m-3) 

Region A Region B Region C 

LLJ non-LLJ LLJ non-LLJ LLJ non-LLJ 

mean std mean std mean std mean std mean std mean std 

0~0.5 0.29  0.10  0.31  0.11  0.33  0.10  0.34  0.11  0.22  0.11  0.23  0.11  

0.5~1 0.73  0.15  0.72  0.14  0.72  0.14  0.73  0.14  0.70  0.14  0.70  0.14  

1~1.5 1.23  0.14  1.23  0.14  1.23  0.14  1.22  0.14  1.23  0.15  1.23  0.15  

1.5~2 1.74  0.14  1.74  0.14  1.74  0.14  1.73  0.14  1.74  0.14  1.73  0.14  

2~3 2.43  0.28  2.43  0.28  2.46  0.29  2.45  0.29  2.46  0.28  2.46  0.29  

3~4 3.46  0.30  3.45  0.30  3.46  0.29  3.45  0.29  3.44  0.29  3.44  0.29  

4~5 4.45  0.29  4.47  0.29  4.46  0.29  4.47  0.29  4.42  0.28  4.43  0.27  

5~6 5.45  0.29  5.43  0.28  5.47  0.28  5.48  0.29  5.44  0.28  5.43  0.29  

>=6 12.15  12.88  13.19  15.29  10.73  9.58  11.01  10.32  13.74  13.02  13.46  13.30  

5. Figures and captions 

 
Figure S1. (a) Summer chl-a concentration of Himawari 8; (b) Same as (a) but with noise removed 

by destriping procedure; (c) Same as (a) but with noise removed by median filter and destriping 

procedure. 



 

Figure S2. The hourly occurrence frequency and intensity (maximum wind speed) of LLJ over 

Beibuwan Gulf in summer from 2015 to 2019. 

 

Figure S3. Average spatial distribution of (a) chlorophyll-a, (b) sea surface temperature, and (c) wind at 10 m (arrows) and 

the Ekman pumping velocity (shaded, positive value is upwelling) in summer from 2015 to 2019. 

 

Figure S4. The hourly occurrence frequency and intensity (maximum wind speed) of LLJ over (a) Region A, (b) Region B, 

and (c) Region C in summer from 2015 to 2019. Region A, Region B, and Region C are the black boxes shown in Figure 4i. 
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