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Review of “Two different phytoplankton blooming mechanisms over the East 
China Sea during El-Niño decaying summers” by Lee et al. 

 

Comment on egusphere-2024-3406 | Anonymous Referee #1: 

This manuscript discusses an important issue of international interest. However, it is 
premature because of major flaws. 

The major flaw is the erroneous assumption that riverine input is the primary source 
of nutrients(line 27). Much of the Introduction and Methods concerns river input. 
However, the Kuroshio Intermediate Water is the primary source of nutrients for the 
East China Sea shelf. Many papers substantiated this notion. The authors used the 
results presented in Figs. 2 and 3 to prove the importance of riverine inputs of 
nutrients. Yet, Figs. 2 and 3 only provided a good correlation between chlorophyll 
and nutrients that mostly did not come from rivers. Instead, the upwelling of nutrient-
rich Kuroshio subsurface waters provided most of the nutrients. Of course, upwelling 
could be induced by the buoyance effect caused by the river water(e.g., Chen 2008, 
Acta Oceanologica Sinica, 27,133, 2008). To summarize, the so-called runoff-driven 
blooming mechanism is not caused by riverine nutrients. Instead, it is caused by 
buoyancy-driven upwelling and vertical mixing. BTW, validation is needed to 
substantiate the modeled results presented in these two figures. 

Another factor worth mentioning is that the outflow of the South China Sea is the 
primary source of Kuroshio waters entering the East China Sea. During El Nino 
years, there is a more substantial outflow of the more nutrient-rich SCS water(e.g., 
Chen et al., Deep-Sea Res. I, 103,13, 2015), which may enhance productivity on the 
ECS shelf. 

As a final note, many of the figures are not labeled correctly. Figures 1, 2, 3, 4, 5, 6, 
9, and 10 are all related to anomalies, not the actual values. The "p" values should 
also be provided. 

 

Response: We thank the reviewer for constructive and valuable comments and 

suggestions on our results. We have made substantial revisions to the manuscript in 

response to the referee’s key comments. 
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We sincerely appreciate referee #1 for the comment that nutrient supply from 

the entrainment of subsurface waters via dynamic buoyancy upwelling induced by 

great out-flowing river plume is an important influence on phytoplankton blooms in the 

ECS region as well. Obviously, we missed this physical process in the original 

manuscript. By following the referee's suggestions, we have added a clarification to 

the manuscript to state that the runoff-driven mechanism also includes nutrient supply 

from the subsurface water entrainment due to buoyancy upwelling caused by 

enhanced river discharge during the El Niño decaying summers in the ECS continental 

shelves as follows: 

(L139-145): In addition to direct riverine nutrient input, enhanced river discharge can deliver 

nutrients to the East China Sea (ECS) region through buoyancy-driven upwelling (Chen, 2008; 

Chen et al., 2003; Chen, 2000; Hill, 1998). When the outflowing river plume becomes more 

substantial than the incoming river discharge, subsurface waters are upwelled to maintain 

water balance. This process allows nutrient-rich Kuroshio subsurface waters to ascend along 

the ECS shelf edge, supplying essential nutrients to the region. Unlike wind-driven upwelling, 

this buoyancy-driven upwelling is governed by the physical properties of the subsurface waters 

in response to intensified river outflow. 

 

(L170-174): Although the GFDL-CM2.1 ESM does not simulate P inputs from riverine inflows, 

it does account for P supply through the dynamic ascent of subsurface waters driven by 

buoyancy upwelling resulting from river discharge. Therefore, beyond analyses based on 

observational and reanalysis data, long-term model simulations enable us to comprehensively 

understand the phytoplankton blooming mechanisms in the ECS during the following summers 

of El Niño events. 
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Additionally, we have substantially revised the manuscript in response to the 

referee’s comments. As the reviewer suggested, we discussed the role of nutrient 

transport through the Taiwan Strait (TS) (Huang et al., 2015; Zhang et al., 2015; Chen 

et al., 2015) by adding new analyses. In the revised manuscript, we have extensively 

addressed this by incorporating the nutrient transport mechanism through the TS (TS-

transport-driven mechanism). Using nutrient data from Copernicus Marine 

Environment Monitoring Service (CMEMS) reanalysis and current data from Simple 

Ocean Data Assimilation (SODA) reanalysis, we calculated the meridional PO4 

transport during the summers of El Niño's decaying phase (refer to “Data and Method” 

for details).  

As the referee noted, both observational and model results confirm that the 

composite analysis of meridional PO₄ transport through the TS shows significantly 

positive signals across the entire TS region during El Niño decaying summers (Figure 

R1-1). We have incorporated Figure R1-1a into Figure 1d in the main text to further 

illustrate the primary nutrient source in the ECS region. In addition, the model results 

demonstrate that the correlation between runoff (r = 0.59**; Figure R1-2a) and SCHL 

is weaker compared to the correlation between meridional PO₄ transport through the 

TS (represented as the blue diagonal box in Figure R1-1b) and SCHL (r = 0.68**; 

Figure R1-2b). In addition to the TS region index, zonally-averaged meridional PO₄ 

transport flux in TS and SCHL correlations at 26.5°N (120.5°E–122.5°E) and 27.5°N 

(121.5°E–123.5°E) also exhibit significantly high positive correlations of 0.66 and 0.57, 

respectively (Figure R1-3). Moreover, the distinction between the strong blooming and 

non-blooming groups reveals a pronounced difference in the magnitude of meridional 

PO₄ transport through the TS (Figure R1-4). We have incorporated Figure R1-2b and 

Figure R1-4 as Figure 6 in the main text. Therefore, we have added a paragraph to 
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the main text to describe the TS-transport-driven blooming mechanism based on the 

model results: 

(L256-265): We also investigated the TS-transport-driven blooming mechanism, which is well 

known for its significant role in nutrient supply through the TS. We analyzed the meridional 

PO4 transport by comparing two groups as the same as Fig. 5, and found remarkably distinct 

differences between them (Figure 6a-c). Notably, within the TS, a strong positive (negative) 

signal was identified in the SB (NB) group. For the SB group, the nutrient flux exhibits a 

significant positive signal reaching the target region, potentially supplying large amount of 

nutrients and making a substantial contribution to SCHL blooming in the ECS region. 

Furthermore, a positive correlation of 0.68—higher than the runoff-driven mechanism—was 

identified between the anomalous SCHL blooming magnitude in the target region and the 

meridional PO4 transport index indicated by the blue diagonal box in the TS region (Figure. 

6d). This underscores the critical role of the TS-transport-driven mechanism in fostering 

nutrient into the ECS region. 
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Figure R1-1. Composite map of meridional PO4 transport anomalies during El Niño decaying 

summer season in the Taiwan Strait (TS) for all El Niño cases in observations (Left Panel) and model 

results (Right Panel). All the black dots where the responses are statistically significant at the 90% 

(in observations) and 95% (in model results) confidence level, determined using the bootstrap 

method. 

a b 
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Figure R1-2. The relationship between area-averaged runoff and SCHL anomalies over 

the target region (Figure R1-2a), and the relationship between area-averaged meridional 

PO4 transport and SCHL anomalies over the target region (Figure R1-2b).  

a b 

Figure R1-3. The relationship between zonally-averaged meridional PO4 transport 

(26.5˚N-120.5˚E-122.5˚E; Left Panel / 27.5˚N – 121.5˚E-123.5˚E; Right Panel) and SCHL 

anomalies over the target region. 

a b 

Figure R1-4. Composite maps of meridional PO4 transport anomalies during El Niño decaying summer 

for Strong Blooming group (Figure R4a), Non-Blooming group (Figure R1-4b) and the difference 

between the two groups (Figure R1-4c).  
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The overall structure of the manuscript has been substantially reorganized. Instead of 

comparing the two previously proposed blooming mechanisms—"runoff-driven" and 

"upwelling-driven"—we have revised the manuscript to first re-evaluate the known 

mechanisms: ”runoff-driven” and “TS-transport-driven”. Subsequently, we incorporate 

both observational and modeling evidence to support the upwelling-driven mechanism, 

emphasizing the importance of understanding all these complex phytoplankton 

blooming mechanisms. 

Additionally, in the revised manuscript, we assessed the relative contributions 

of three mechanisms using a regression method instead of the joint-composite 

analyses (Figure R1-5, Table R1-1; We added Figure R1-5 and Table R1-1 as Figure 

9 and Table 1 in the manuscript respectively). We normalized all variables and 

conducted multiple regression for three mechanism indices at each grid point of SCHL 

anomalies across the target region. And, we quantified the relative contributions of 

three mechanisms by multiplying the linear regression coefficients between the 

Nino3.4 index and each mechanism index by their multiple regression coefficients 

respectively (Eq. R1-1; We added it as Eq. 4 in the manuscript). 

 

𝑑𝐶ℎ𝑙

𝑑𝑁𝑖𝑛𝑜3.4
(𝛼) =  

𝜕𝐶ℎ𝑙

𝜕𝑅𝑢𝑛𝑜𝑓𝑓
×

𝑑𝑅𝑢𝑛𝑜𝑓𝑓

𝑑𝑁𝑖𝑛𝑜3.4
 + 

𝜕𝐶ℎ𝑙

𝜕𝑇𝑆−𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡
×

𝑑𝑇𝑆−𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡

𝑑𝑁𝑖𝑛𝑜3.4
 + 

𝜕𝐶ℎ𝑙

𝜕𝐸𝑘𝑚𝑎𝑛−𝑈𝑝𝑤𝑒𝑙𝑙𝑖𝑛𝑔
×

𝑑𝐸𝑘𝑚𝑎𝑛−𝑈𝑝𝑤𝑒𝑙𝑙𝑖𝑛𝑔

𝑑𝑁𝑖𝑛𝑜3.4
+ 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙       (Eq. R1-1) 

 

The results indicate that both the Runoff- and the TS-transport-driven 

mechanism have the most significant contributions to the intensity of SCHL blooming 

in the target region. Although the Ekman Upwelling-driven mechanism exhibits a lower 
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contribution compared to the others, it still exerts a meaningful influence on about half 

of the other mechanisms. Spatially, the Runoff-driven mechanism primarily affects the 

central area of the target region (Figure R1-5a), while the TS-transport-driven 

mechanism plays a major role along a southwest-northeast diagonally (Figure R1-5b). 

In contrast, the Ekman Upwelling-driven mechanism uniformly influences the overall 

target region (Figure R1-5c). Especially, the runoff- and the TS-transport-driven 

mechanism contribute similarly to the SCHL blooming intensity in the target region. 

Although the Ekman upwelling-driven mechanism accounts for approximately 40 to 

47% of the others, it still exerts a significant influence (Table R1-1). Consequently, we 

have replaced the paragraph that calculated the relative contribution for each 

mechanism from the joint-composite analyses previously we used to the regression 

method as follows: 

(L313-349): So far, we have conducted a comprehensive evaluation and analysis of the 

complex mechanisms driving phytoplankton blooms in the ECS during the summers following 

the decaying phase of El Niño events. In addition to the runoff- and TS-transport-driven 

mechanisms suggested in previous studies, we introduced the Ekman upwelling-driven 

blooming mechanism. Subsequently, we quantified the relative contributions of these three 

mechanisms based on regression methods using (Eq. 4) as follows: 

𝑑𝐶ℎ𝑙

𝑑𝑁𝑖𝑛𝑜3.4
(𝛼) =  

𝜕𝐶ℎ𝑙

𝜕𝑅𝑢𝑛𝑜𝑓𝑓
×

𝑑𝑅𝑢𝑛𝑜𝑓𝑓

𝑑𝑁𝑖𝑛𝑜3.4
 + 

𝜕𝐶ℎ𝑙

𝜕𝑇𝑆−𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡
×

𝑑𝑇𝑆−𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡

𝑑𝑁𝑖𝑛𝑜3.4
 + 

𝜕𝐶ℎ𝑙

𝜕𝐸𝑘𝑚𝑎𝑛−𝑈𝑝𝑤𝑒𝑙𝑙𝑖𝑛𝑔
×

𝑑𝐸𝑘𝑚𝑎𝑛−𝑈𝑝𝑤𝑒𝑙𝑙𝑖𝑛𝑔

𝑑𝑁𝑖𝑛𝑜3.4
+ 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙          (4) 

 Firstly, we normalized all variables and conducted the multiple regression with respect to 

SCHL index in the target region as the dependent variable and three mechanism indices as 

independent variables. Secondly, we calculated each term by multiplying the linear regreesion 

coefficient between Nino3.4 index and each mechanism index by the corresponding multiple 

regression coefficient for each mechanism index. The combined effects of the three 



9 

 

 

 

 

mechanisms and the residual term collectively account for the variation of the SCHL index in 

the ECS region with respect to the El Niño events. Therefore, each term indicates how 

changes in three mechanism induced by ENSO cycle (as indicated by the Nino3.4 index) affect 

on phytoplankton blooms in the ECS region. The results show the effect of runoff-driven 

mechanism and the TS-transport mechanisms to SCHL blooming intensity in the target region 

are comparable (Table 1). In the case of the Ekman upwelling mechanism, it accounts for 

about 40% to 47% of contributions comapred to the other two mechanisms, yet still exerts a 

meaningful influence as well. 

Table R1-1. Relative contributions of three mechanisms to SCHL blooming in the target 

region. 

 𝛼 Runoff TS-transport Ekman Upwelling 

Contribution 0.511 0.152 0.138 0.065 

Additionally, we identified their spatial contributions to further elucidate the effects of each 

mechanism within the target region (Figure 9). We conducted multiple regression for three 

mechanism indices at each grid point of SCHL anomalies across the target region. Following 

the same way examined above, we calculated the spatial contributions by multiplying the linear 

regression coefficents of each mechanism with repsect to the Nino3.4 index. The results 

showed that the runoff-driven mechanism exhibited the strongest contribution at the center of 

the target region, driven by direct riverine nutrient inflow (though the model doesn’t simulate 

P input) and nutrient supply through buoyancy upwelling induced by river discharge (Figure 

9a). In contrast, the TS-transport-driven mechanism significantly contributes along a 

southwest-northeast diagonal direction, aligning with nutrient transport via the TS from the 

SCS (Figure 9b). Additionally, the newly proposed Ekman upwelling-driven mechanism, while 

relatively lower in overall contribution, shows significant and uniformly distributed impacts 

across the target region (Figure 9c). These results suggest that all mechanisms can affect 

comprehensively to induce phytoplankton blooms in the ECS during the following summers of 

the decaying phase of El Niño events. Therefore, considering all mechanisms is essential for 

accurately predicting the intensity of phytoplankton blooms.  
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Figure R1-5. Relative contributions of three mechanisms to SCHL blooming in the target region during 

summers following the decaying phase of El Niño events (a) Runoff-driven mechanism (b) TS-transport-

driven mechanism (c) Ekman upwelling-driven mechanism. 

 

We have revised the title of the manuscript to "Phytoplankton Blooming 

Mechanisms over the East China Sea during El Niño Decaying Summers" to 

better reflect the scope and findings of our study.  

Additionally, we have annotated all correlation analyses to emphasize 

statistical significance: a star (*) was added next to r values with a p-value below 0.05, 

and double stars (**) was added for r values with a p-value below 0.01. 

We believe that these substantial revisions comprehensively address the 

referee’s concerns and enhance the scientific value of the manuscript. 



11 

 

 

 

 

Comment on egusphere-2024-3406 | Anonymous Referee #2: 

Based on limited observations, previous studies suggested that in post-El Nino 

summers (JJA), increased runoff from the Yangtze River reduces salinity and 

increases Ch-a concentrations in the surface layer of the East China Sea (ECS). The 

present study extends the previous studies by using longer observations, suggesting 

that the western North Pacific anticyclone (WNPAC) in the lower troposphere during 

post-El Nino summers contributes to positive Ch-a anomalies in the ECS also through 

positive wind stress curl anomalies, which enhance upwelling of high nutrients from 

below the seasonal thermocline. The paper is generally well written and should be 

eventually published after addressing the following concerns. 

 

Response: We thank referee #2 for encouraging and valuable comments on our 

manuscript. We have thoroughly addressed the feedback and revised the manuscript 

by fully incorporating the referee’s suggestions. 

 

Major comments. 

1. The new mechanism of wind curl-induced upwelling is mostly based on a 

coarse-resolution ESM but the observational support is marginal. While 

observed Ch-a increase during post-El Nino summers is east of the Yangtze 

River estuary (Fig. 1a), positive wind curl anomalies are further to the south 

(Fig. 9b), almost entirely outside the ECS. The geographical discrepancy 

between Ch-a and wind curl anomalies needs to be reconciled. Just a thought: 

rainfall over eastern China takes a while to reach the coast and affects ECS 

Ch-a. Could this delay be important? Also there are many big reservoirs along 

the Yangtze River and water is being diverted from the river. Are these human 
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controls important for discharges at the estuary? 

 

Response: We indeed thank the referee’s valuable comments and suggestions. We 

have thoroughly revised the manuscript, completely reorganizing and rewriting it to 

emphasize the significance of our findings. 

We have newly incorporated the contribution of nutrient supply through the TS 

to phytoplankton blooming in the ECS into the revised manuscript, as supported by 

several references (Huang et al., 2015; Chen et al., 2015; Zhang et al., 2015). Both 

observational data and model results reveal that nutrient transport through the TS into 

the ECS is intensified during El Niño decaying summers (Figure R2-1; we added 

Figure R2-1a as Figure 1d to the revised manuscript). This enhancement is driven by 

the intensification of southwesterly winds over the South China Sea (SCS), which is 

facilitated by the development of the Western North Pacific Anticyclone (WNPAC) 

during the El Niño decaying summers. We have added the following paragraph to the 

revised manuscript to describe the TS-transport-driven blooming mechanism based 

on the model results: 

(L256-265): We also investigated the TS-transport-driven blooming mechanism, which is well 

known for its significant role in nutrient supply through the TS. We analyzed the meridional 

PO4 transport by comparing two groups as the same as Fig. 5, and found remarkably distinct 

differences between them (Figure 6a-c). Notably, within the TS, a strong positive (negative) 

signal was identified in the SB (NB) group. For the SB group, the nutrient flux exhibits a 

significant positive signal reaching the target region, potentially supplying large amount of 

nutrients and making a substantial contribution to SCHL blooming in the ECS region. 

Furthermore, a positive correlation of 0.68—higher than the runoff-driven mechanism—was 

identified between the anomalous SCHL blooming magnitude in the target region and the 

meridional PO4 transport index indicated by the blue diagonal box in the TS region (Figure. 
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6d). This underscores the critical role of the TS-transport-driven mechanism in fostering 

nutrient into the ECS region. 

 

 

 

 

 

Furthermore, our model results also showed that meridional phosphate (PO₄) 

transport through the TS contributes more significantly to SCHL in the ECS compared 

to runoff-driven mechanism (Figure R2-2; we added the Figure R2-2b as Figure 6d to 

Figure R2-1. Composite map of meridional PO4 transport anomalies during El Niño decaying summer 

season in the Taiwan Strait (TS) for all El Niño cases in observations (Left Panel) and model results 

(Right Panel). All the black dots where the responses are statistically significant at the 90% (in 

observations) and 95% (in model results) confidence level, determined using the bootstrap method. 
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the revised manuscript). Additionally, in the Strong Blooming (SB) group, the 

meridional PO₄ transport through the TS was stronger (Figure R2-3; we added the 

Figure R2-3 to the revised manuscript as Figures 6a–c). 

 

 

Figure R2-3. Composite maps of meridional PO4 transport anomalies during El Niño decaying summer 

for Strong Blooming group (Figure R2-3a), Non-Blooming group (Figure R2-3b) and the difference 

between the two groups (Figure R2-3c).   

Figure R2-2. The relationship between area-averaged runoff and SCHL anomalies over the target 

region (Figure R2-2a), and the relationship between area-averaged meridional PO4 transport and 

SCHL anomalies over the target region (Figure R2-2b).  
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The ESM we employed is indeed a low-resolution model with a 1˚ grid. We also 

agree with the reviewer that the high-resolution model can reflect more realistic 

contributions of the various phenomena. However, since the wind stress curl pattern 

exhibits a somewhat large-scale pattern, we believe the coarse resolution model is 

capable of simulating our main mechanisms. Satellite observations indicate that 

anomalous SCHL blooming regions in the East China Sea (ECS) are strongly 

concentrated around the Yangtze River Estuary (YRE) during El Niño decaying 

summers, with weaker diagonal signals extending northeast from Taiwan to the Korea 

Strait. The observed positive wind stress curl anomalies are widespread, covering 

areas from the YRE through the Taiwan Strait and extending to the Luzon Strait. In 

the East Asian Marginal Seas, including the ECS, are featured by a northward current 

from the TS and Kuroshio Current. Therefore, the climatological northward flow of the 

Kuroshio Current and the currents passing through the TS during summer enable the 

transport of anomalous upwelled nutrients due to the widespread cyclonic wind stress 

curl across the ECS and even to the Korea Strait (Figure R2-4). 

Figure R2-4. Climatological oceanic current over the East Asian Marginal Seas. Vectors indicate the 

oceanic current and shading shows the oceanic current speed. The red box indicates the Wind Stress Curl 

index as selected in the manuscript. 
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Additionally, in the revised manuscript, we assessed the relative contributions 

of three mechanisms using a regression method instead of the joint-composite 

analyses (Figure R2-5, Table R1; We added Figure R2-5 and Table R2-1 as Figure 9 

and Table 1 in the manuscript respectively). We normalized all variables and 

conducted multiple regression for three mechanism indices at each grid point of SCHL 

anomalies across the target region. And, we quantified the relative contributions of 

three mechanisms by multiplying the linear regression coefficients between the 

Nino3.4 index and each mechanism index by their multiple regression coefficients 

respectively (Eq. R2-1; We added it as Eq. 4 in the manuscript). 

The results indicate that both the Runoff- and the TS-transport-driven 

mechanism have the most significant contributions to the intensity of SCHL blooming 

in the target region. Although the Ekman Upwelling-driven mechanism exhibits a lower 

contribution compared to the others, it still exerts a meaningful influence on about half 

of the other mechanisms. Spatially, the Runoff-driven mechanism primarily affects the 

central area of the target region (Figure R2-5a), while the TS-transport-driven 

mechanism plays a major role along a southwest-northeast diagonally (Figure R2-5b). 

In contrast, the Ekman Upwelling-driven mechanism uniformly influences the overall 

target region (Figure R2-5c). Especially, the runoff- and the TS-transport-driven 

mechanism contribute similarly to the SCHL blooming intensity in the target region. 

Although the Ekman upwelling-driven mechanism accounts for approximately 40 to 

47% of the others, it still exerts a significant influence (Table R2-1). Consequently, we 

have replaced the paragraph that calculated the relative contribution for each 

mechanism from the joint-composite analyses previously we used to the regression 

method as follows: 
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𝑑𝐶ℎ𝑙

𝑑𝑁𝑖𝑛𝑜3.4
(𝛼) =  

𝜕𝐶ℎ𝑙

𝜕𝑅𝑢𝑛𝑜𝑓𝑓
×

𝑑𝑅𝑢𝑛𝑜𝑓𝑓

𝑑𝑁𝑖𝑛𝑜3.4
 + 

𝜕𝐶ℎ𝑙

𝜕𝑇𝑆−𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡
×

𝑑𝑇𝑆−𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡

𝑑𝑁𝑖𝑛𝑜3.4
 + 

𝜕𝐶ℎ𝑙

𝜕𝐸𝑘𝑚𝑎𝑛−𝑈𝑝𝑤𝑒𝑙𝑙𝑖𝑛𝑔
×

𝑑𝐸𝑘𝑚𝑎𝑛−𝑈𝑝𝑤𝑒𝑙𝑙𝑖𝑛𝑔

𝑑𝑁𝑖𝑛𝑜3.4
+ 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙       (Eq. R2-1) 

 

(L313-349): So far, we have conducted a comprehensive evaluation and analysis of the 

complex mechanisms driving phytoplankton blooms in the ECS during the summers following 

the decaying phase of El Niño events. In addition to the runoff- and TS-transport-driven 

mechanisms suggested in previous studies, we introduced the Ekman upwelling-driven 

blooming mechanism. Subsequently, we quantified the relative contributions of these three 

mechanisms based on regression methods using (Eq. 4) as follows: 

𝑑𝐶ℎ𝑙

𝑑𝑁𝑖𝑛𝑜3.4
(𝛼) =  

𝜕𝐶ℎ𝑙

𝜕𝑅𝑢𝑛𝑜𝑓𝑓
×

𝑑𝑅𝑢𝑛𝑜𝑓𝑓

𝑑𝑁𝑖𝑛𝑜3.4
 + 

𝜕𝐶ℎ𝑙

𝜕𝑇𝑆−𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡
×

𝑑𝑇𝑆−𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡

𝑑𝑁𝑖𝑛𝑜3.4
 + 

𝜕𝐶ℎ𝑙

𝜕𝐸𝑘𝑚𝑎𝑛−𝑈𝑝𝑤𝑒𝑙𝑙𝑖𝑛𝑔
×

𝑑𝐸𝑘𝑚𝑎𝑛−𝑈𝑝𝑤𝑒𝑙𝑙𝑖𝑛𝑔

𝑑𝑁𝑖𝑛𝑜3.4
+ 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙          (4) 

 Firstly, we normalized all variables and conducted the multiple regression with respect to 

SCHL index in the target region as the dependent variable and three mechanism indices as 

independent variables. Secondly, we calculated each term by multiplying the linear regreesion 

coefficient between Nino3.4 index and each mechanism index by the corresponding multiple 

regression coefficient for each mechanism index. The combined effects of the three 

mechanisms and the residual term collectively account for the variation of the SCHL index in 

the ECS region with respect to the El Niño events. Therefore, each term indicates how 

changes in three mechanisms induced by ENSO cycle (as indicated by the Nino3.4 index) 

affect on phytoplankton blooms in the ECS region. The results show the effect of runoff-driven 

mechanism and the TS-transport mechanisms to SCHL blooming intensity in the target region 

are comparable (Table 1). In the case of the Ekman upwelling mechanism, it accounts for 

about 40% to 47% of contributions compared to the other two mechanisms, yet still exerts a 

meaningful influence as well. 
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Table R2-1. Relative contributions of three mechanisms to SCHL blooming in the target region. 

 𝛼 Runoff TS-transport Ekman Upwelling 

Contribution 0.511 0.152 0.138 0.065 

Additionally, we identified their spatial contributions to further elucidate the effects of each 

mechanism within the target region (Figure 9). We conducted multiple regression for three 

mechanism indices at each grid point of SCHL anomalies across the target region. Following 

the same way examined above, we calculated the spatial contributions by multiplying the linear 

regression coefficients of each mechanism with respect to the Nino3.4 index. The results 

showed that the runoff-driven mechanism exhibited the strongest contribution at the center of 

the target region, driven by direct riverine nutrient inflow (though the model doesn’t simulate 

P input) and nutrient supply through buoyancy upwelling induced by river discharge (Figure 

9a). In contrast, the TS-transport-driven mechanism significantly contributes along a 

southwest-northeast diagonal direction, aligning with nutrient transport via the TS from the 

SCS (Figure 9b). Additionally, the newly proposed Ekman upwelling-driven mechanism, while 

relatively lower in overall contribution, shows significant and uniformly distributed impacts 

across the target region (Figure 9c). These results suggest that all mechanisms can affect 

comprehensively to induce phytoplankton blooms in the ECS during the following summers of 

the decaying phase of El Niño events. Therefore, considering all mechanisms is essential for 

accurately predicting the intensity of phytoplankton blooms.  
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Figure R2-5. Relative contributions of three mechanisms to SCHL blooming in the target region during 

summers following the decaying phase of El Niño events (a) Runoff-driven mechanism (b) TS-transport-

driven mechanism (c) Ekman upwelling-driven mechanism. 

 

Our modeling analyses suggest that the upwelling-driven mechanism operates as 

a supplemental mechanism, therefore, even if the location of maximum upwelling does 

not always coincide with areas of maximum phytoplankton blooms. 

 

In addition. we investigated the lagged relationship between summer SCHL in the 

target region and monthly precipitation over the eastern China to analyze the time 

delay of the effect of rainfall on the SCHL. Our results indicate that summer season 

SCHL in the ECS region is most strongly correlated with concurrent summer 

precipitation (Figure R2-6). In particular, the July–August precipitation in the 

observations and the June–July precipitation in the model each showed the highest 

correlation with summer SCHL. Moreover, for both the observations and the model, 

summer SCHL exhibited the highest correlation with JJA seasonal precipitation. 

Therefore, we believe that time delay in the impact of rainfall on SCHL in the ECS 

region does not significantly compromise the validity of our study.  
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Figure R2-6. The plot shows the lagged relationship between precipitation during summer season 

(June-July-August; JJA) and the surface Chlorophyll-a (SCHL) in the target region of both (a-b) 

observations and (c-d) model. (a) The plot shows 6 month lagged relationship between summer 

season SCHL and monthly precipitation in the eastern China (Observations: 30.5˚N-32.5˚N / 114˚E-

119˚E; Model: 27.5˚N-33.5˚N / 117.5˚E-124.5˚E, which is broader than observations) from June (0) to 

the November (0). (b) The plot shows the lagged relationship between the averaged summer season 

SCHL and the 3-month averaged precipitation from JJA (0) to SON (0). (c-d) As same as Fig. R6a-b, 

but the case of model results. The deeper red colors indicate that the p-value is below 0.1 (0.05), 

signifying statistical significance at the 90% (95%) confidence level for observations (model).  
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Indeed, in terms of anthropogenic impacts, the three Gorges Dam (TGD), located 

on the Yangtze River, has a substantial impact on the volume of river discharge flowing 

into the ECS. Increased water storage of the TGD leads to a reduction in river 

discharge into the ECS, which in turn causes ecological changes such as shifts in 

chlorophyll-a and other marine ecosystem components (Jiao et al., 2007). 

Furthermore, we have added the description that the runoff-driven mechanism 

encompasses nutrient input resulting from the entrainment of subsurface waters via 

buoyancy upwelling by following another referee’s comment as follows: 

(L139-145): In addition to the direct riverine nutrient input, enhanced river discharge can 

facilitate nutrients to the ECS region through buoyancy upwelling (Chen, 2008; Chen et al., 

2003; Chen, 2000; Hill, 1998). When the out-flowing river plume becomes more substantial 

than the incoming river discharge, subsurface waters are readily upwelled to preserve the 

water balance. Consequently, the nutrient-rich Kuroshio subsurface waters ascend along the 

ECS shelf edge, providing essential nutrients. This buoyancy-driven upwelling occurs 

independently of wind conditions, driven primarily by the physical properties of the subsurface 

waters in response to the intensified river outflow. 

 

(L170-174): Although the GFDL-CM2.1 ESM does not simulate P inputs from riverine inflows, 

it does account for P supply through the dynamic ascent of subsurface waters driven by 

buoyancy upwelling resulting from river discharge. Therefore, beyond analyses based on 

observational and reanalysis data, long-term model simulations enable us to comprehensively 

understand the phytoplankton blooming mechanisms in the ECS during the following summers 

of El Niño events. 
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We also have revised the title of the manuscript to "Phytoplankton Blooming 

Mechanisms over the East China Sea during El Niño Decaying Summers" to 

better reflect the scope and findings of our study. 

Therefore, the extensively revised manuscript offers a more comprehensive 

understanding of the mechanisms driving phytoplankton blooming in the ECS during 

El Niño decaying summers, improving the previous manuscript. 

 

2. ENSO is but one driver, but the WNPAC is an intrinsic mode of Asian summer 

monsoon variability and could be active in non-ENSO summers (P. Zhang et al. 

2024, JC). The super-active Meiyu season in 2020 is a recent example (Z.Q. 

Zhou et al. 2021, PNAS). Could this explain the discrepancy between Figs. 1a 

and 9b? 

 

Response: We appreciate the referee's suggestion regarding the mechanisms behind 

anomalous SCHL blooming that occur during Non-ENSO summers. Indeed, as the 

2020 Super-active Meiyu season took place without considerable ENSO events 

(Figure R2-7). Specifically, the anomalous SCHL bloom intensity in 2020 (0.124 mg m-

3) is weaker than the average bloom intensity during El Niño periods (0.174 mg m-3), 

despite experiencing the highest precipitation since 1961 and the consequent 

substantial river discharge (Zhou et al., 2021). 

 This finding indicates that SCHL blooming in the ECS is likely driven by a 

combination of several mechanisms. In addition to enhanced river discharge, nutrient 

transport through the TS and the supply of upwelled nutrients from sub-surface layer 

to the ECS via ocean currents—facilitated by a broad positive wind stress curl 
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extending from the Yangtze River to the Luzon Strait—also play significant roles during 

the decaying summer season of El Niño.  

Therefore, our study reveals that the upwelling-driven mechanism can play an 

additional role in phytoplankton blooming within the ECS with other mechanisms 

(runoff-driven and TS-transport-driven). The contributions of the runoff-driven and TS-

transport-driven mechanisms to blooming are greater, thus, there may be a spatial 

discrepancy between the regions exhibiting the most intense anomalous surface 

chlorophyll-a (SCHL) blooms and the areas where upwelling occurs. 

 

 

 

Minor comments 

1. The discussion of WNPAC dynamics is quite dated (L235-240, L386-394). See 

2020  
summer 

Figure R2-7. As same as the Figure 1b in revised manuscript, and the red circle 
indicates the case of 2020 supter-active Meiyu summer season.  
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Xie et al. (2016, Adv Atmos Sci) and Chowdary et al. (2019, Current Clim 

Change Reps) for recent reviews. 

Response: Thanks for suggesting the papers. We cited the references in the revised 

manuscript. 

 

2. Regarding the global warming effect on WNPAC (L383-386), a CMIP6 analysis 

suggests that ENSO-induced variability does not change much but ENSO-

unrelated variability intensifies with warming (C.Y. Wang et al. 2023, JC). This 

would imply a weakened ENSO effect on ECS Ch-a. 

Response: We have incorporated the references in the revised manuscript. 

 

3. The writing is overall good but please check English grammar. L21: add “the” 

in front of “East China Sea”. L35: add “The” in front of “Western North.”  

Response: Corrected. 
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Comment on egusphere-2024-3406 | Anonymous Referee #3: 

General Comments: 

The study uses satellite remote sensing, reanalysis data, and model simulation to 

investigate two mechanisms (river discharge and upwelling) behind how ENSO cycle 

influences phytoplankton biomass in East China Sea, an area of fisheries and 

biogeochemical importances, nd is subjected to anthropogenic perturbations. 

 

Response: We appreciate reviewer #3’s helpful comments and valuable suggestions. 

We have revised the manuscript by fully incorporating the reviewer’s comments. Our 

responses to the specific comments are as follows: 

 

• The authors conclude that both mechanisms are relevant to the positive surface Chl 

a anomalies during ENSO phase based mainly on correlation analysis. However, 

correlation does not mean causality. If you rely on correlation analysis, the correlation 

between nutrient fluxes (horizontal transport or vertical transport) and Chl a under 

variable phases of ENSO cycle may be more robust. 

 

Response: We appreciate Referee#3’s suggestion. We have newly incorporated the 

contribution of nutrient supply through the Taiwan Strait (TS) to the anomalous 

increases in Surface Chlorophyll-a (SCHL) concentrations in the East China Sea (ECS) 

during the summer following the El Niño's events (Chen et al., 2015; Huang et al., 

2015; Zhang et al., 2015). In the revised manuscript, we have extensively addressed 

this by incorporating the nutrient transport mechanism through the TS (TS-transport-

driven mechanism). Using nutrient data from CMEMS reanalysis and oceanic current 
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data from Simple Ocean Data Assimilation (SODA) reanalysis, we calculated the 

meridional phosphate (PO4) transport during the summers of El Niño's decaying phase 

(refer to “Data and Method” for details). Our findings reveal a markedly strong PO4 

transport through the TS, highlighting its critical role in driving phytoplankton blooms 

in the ECS (Figure R3-1, we added Figure R3-1a as Figure 1d to the revised 

manuscript). 

 

In addition, the model results demonstrate that the correlation between runoff 

(r = 0.59**; Figure R3-2a) and SCHL is weaker compared to the correlation between 

meridional PO₄ transport through the TS (represented as the blue diagonal box in 

Figure R3-1b) and SCHL (r = 0.68**; Figure R3-2b). In addition to the TS region, the 

Figure R3-1. Composite map of meridional PO4 transport anomalies during El Niño decaying 

summer season in the Taiwan Strait (TS) for all El Niño cases in observations (Left Panel) and model 

results (Right Panel). All the black dots where the responses are statistically significant at the 90% 

(in obseravtions) and 95% (in model results) confidence level, determined using the bootstrap 

method. 
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meridional PO₄ transport flux in longitudinal line and SCHL correlations at 26.5°N 

(120.5°E–122.5°E) and 27.5°N (121.5°E–123.5°E) also exhibit significantly high 

positive correlations of 0.66 and 0.57, respectively (Figure R3-3). Moreover, the 

distinction between the strong blooming and non-blooming groups reveals a 

pronounced difference in the magnitude of meridional PO₄ transport through the TS 

(Figure R3-4). We have incorporated Figure R3-2b and Figure R3-4 as Figure 6 in the 

main text. Therefore, we have added a paragraph to the main text to describe the TS-

transport-driven blooming mechanism based on the model results: 

(L256-265): We also investigated the TS-transport-driven blooming mechanism, which is well 

known for its significant role in nutrient supply through the TS. We analyzed the meridional 

PO4 transport by comparing two groups as the same as Figure 5, and found remarkably 

distinct differences between them (Figure 6a-c). Notably, within the TS, a strong positive 

(negative) signal was identified in the SB (NB) group. For the SB group, the nutrient flux 

exhibited a significant positive signal reaching the target region, potentially supplying large 

amount of nutrient and making a substantial contribution to SCHL blooming in the ECS region. 

Figure R3-2. (a) The relationship between area-averaged runoff and SCHL anomalies over the target 

region, and (b) the relationship between area-averaged meridional PO4 transport and SCHL anomalies 

over the target region.  
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Furthermore, a positive correlation of 0.68—higher than the runoff-driven mechanism—was 

identified between the anomalous SCHL blooming magnitude in the target region and 

meridional PO4 transport index indicated by the blue diagonal box in the TS region (Figure 6d). 

This underscores the critical role of the TS-transport-driven mechanism in fostering nutrient 

into the ECS region. 
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In response to the reviewer’s comment, we calculated a monthly correlation of 

meridional PO₄ transport along a zonally averaged longitudinal line near the TS. This 

approach was employed to more robustly evaluate the influence of nutrient flux 

Figure R3-4. Composite maps of meridional PO4 transport anomalies during El Niño decaying summer 

for (a) Strong Blooming group, (b) Non-Blooming group and the (c) difference between the two groups.  

Figure R3-3. The relationship between zonally-averaged meridional PO4 transport (26.5˚N-

120.5˚E-122.5˚E; Left Panel / 27.5˚N – 121.5˚E-123.5˚E; Right Panel) and SCHL anomalies over 

the target region. 

a b 
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through the TS on SCHL over the ECS region during the variable ENSO cycle. Both 

observational data and model results reveal that the correlation is strongest during the 

summer season (Figure R3-5). This seasonal analysis underscores the significant role 

of PO₄ transport through the TS in influencing phytoplankton blooms in the ECS 

especially during the summer season.  

 

 

We also have revised the title of the manuscript to "Phytoplankton Blooming 

Mechanisms over the East China Sea during El Niño Decaying Summers" to 

better reflect the scope and findings of our study.  

Figure R3-5. The plots indicate the seasonal variation of correlation coefficient between surface 

chlorophyll-a (SCHL) during summer season (June-July-August; JJA) in the target region and monthly 

meridional PO4 transport in Taiwan Strait (TS) by zonally-averaged at specific latitude (OBS : 25.75˚N 

/ 119.5˚E-124˚E; Model : 26.5˚N / 120.5˚E-122.5˚E) in both (a) reanalysis data and (b) model. The 

deeper red colors indicate that the p-value is below 0.05, signifying statistical significance at the 95% 

confidence level. 
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Furthermore, we have added the description that the runoff-driven mechanism 

encompasses nutrient input resulting from the entrainment of subsurface waters via 

buoyancy upwelling by following another referee’s comment as follows: 

(L139-145): In addition to the direct riverine nutrient input, enhanced river discharge can 

facilitate nutrients to the ECS region through buoyancy upwelling (Chen, 2008; Chen et al., 

2003; Chen, 2000; Hill, 1998). When the out-flowing river plume becomes more substantial 

than the incoming river discharge, subsurface waters are readily upwelled to preserve the 

water balance. Consequently, the nutrient-rich Kuroshio subsurface waters ascend along the 

ECS shelf edge, providing essential nutrients. This buoyancy-driven upwelling occurs 

independently of wind conditions, driven primarily by the physical properties of the subsurface 

waters in response to the intensified river outflow. 

 

(L170-174): Although the GFDL-CM2.1 ESM does not simulate P inputs from riverine inflows, 

it does account for P supply through the dynamic ascent of subsurface waters driven by 

buoyancy upwelling resulting from river discharge. Therefore, beyond analyses based on 

observational and reanalysis data, long-term model simulations enable us to comprehensively 

understand the phytoplankton blooming mechanisms in the ECS during the following summers 

of El Niño events. 

 

Therefore, we believe the extensively revised manuscript offers a more 

comprehensive understanding of the mechanisms driving phytoplankton blooming in 

the ECS during El Niño decaying summers. 
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• The main weakness of this study is the coarse resolution of the model used. With 1° 

by 1° resolution, mesoscale processes related to river discharge may not be resolved. 

In fact, the model failed to reproduce the distribution of Chl anomalies of ECS as 

observed in remote sensing (compare Figure 1a and Figure 3a). The modeled Chl 

distribution pattern is more related to Taiwan Strait Current from the south than due to 

river plume. Does the model sufficiently simulate the observed nutrient distributions? 

 

Response: We thank for the referee’s valuable comments about the reliability of the 

model simulations. 

We agree with the reviewer that the Earth System Model (ESM) used in our 

study has a relatively coarse resolution of 1° × 1°. However, our analyses indicate that 

the mechanisms reported in observational studies are sufficiently replicated in the 

model results. Therefore, we believe that the coarse resolution model is also 

somewhat capable of simulating the mechanisms elucidated in our study. 

Furthermore, satellite data tend to overestimate SCHL values near river 

estuary due to turbidity, as reported by Yamaguchi et al (2012). In addition, the GFDL-

CM2.1 model used in our study does not simulate phosphate inflow from river 

discharge, which can lead to an underestimation of SCHL anomalies compared to 

satellite data. 

Dunne et al 2013 showed the bias of biogeochemical variables (NO3, PO4, 

Chlorophyll-a) using both GFDL-ESM2M (z-coordinate model) and GFDL-ESM2G 

(isopycnal-coordinate model) models compared to observations. For nutrients (NO3, 

PO4), both models exhibited a high spatial variance captured coefficient (r2 > 0.8), 

indicating effective replication of global spatial patterns. In the ECS, the model 

underestimated nitrate (NO3) input from river runoff, resulting in an underestimation of 
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nutrient concentrations near the Yangtze River estuary (YRE; Figure R3-6a). Model 

simulation is improved as the distance from the estuary increases. The model does 

not simulate the riverine input of PO4, which leads to a slight underestimation of PO4 

concentrations from the YRE to the Bohai Sea (Figure R3-6b). Similar to NO3, the 

model's accuracy for PO4 improved notably in offshore areas. 

However, our model successfully replicates phytoplankton blooms in the ECS 

region, driven by nutrient inputs from river discharge, and additional nutrient transport 

through the TS as reported in observational studies. Furthermore, we identified that 

both runoff- and TS-transport-driven mechanisms are the primary contributors and 

confirmed that their spatial contributions are well reproduced, aligning with previous 

studies. Therefore, we believe that the model’s resolution does not significantly impact 

the validity of our study. 

 

 

Figure R3-6. Annual bias between observed and modeled (a) NO3 and (b) PO4 concentrations. 
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• The authors stated that phosphate input from river was not considered in the model, 

however within the Yangtze river estuary, there is a positive correlation between P and 

Chl (Figure 2c), that is, the Chl is stimulated by other water masses rich in phosphate. 

This can’t be explained by increasing river water discharge, as Yangtze river water is 

high in N/P ratio in reality, and not included in the model. There are reports showing 

phosphate rich water with low N/P ratio is originated from Taiwan Strait Current (Huang 

et al., 2019). Therefore, the model might be simulating the straightening Taiwan Strait 

Current during ENSO phase, assuming the model represents the N/P correctly. 

 

Response: We thank to the referee for the valuable comments regarding the nutrient 

sources in the ECS region.  

As we responsed above, we have substantially re-organized the manuscript. 

Initially, our study focused on the runoff-driven mechanism and the additional role of 

the upwelling-driven mechanism. However, we have now revised this manuscript to 

state the combined roles of the runoff-driven and TS-transport-driven mechanisms, 

with suggesting the additional role of upwelling-driven mechanism. This substantial 

reorganization enhances the clarity and value of our study, providing a more clear 

understanding of the mechanism influencing phytoplankton blooms in the ECS region. 

 

Another caveat of simulating the Chl using plankton ecosystem model coupled with 

ocean GCM is that top-down control is not considered in majority of the models. Under 

same nutrient supply, Chl a may increase if grazers are suppressed by grazing of 

upper trophic levels. 
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As noted by the referee, the TOPAZ ecosystem model simulates the grazing 

rate by upper-level predators (Dunne et al., 2010). In this model, phytoplankton is 

detailed into three categories: large phytoplankton, small phytoplankton, and 

diazotroph phytoplankton. The grazing terms for small phytoplankton and diazotroph 

phytoplankton are simulated to increase proportionally to the 2nd power of their 

concentrations, while for large phytoplankton, the grazing rate increases proportionally 

to the 4/3 power of their concentration. Therefore, the grazing term driven by upper-

level predators is inherently proportional to the chlorophyll-a concentration. 

 

 

• The descriptions in the Data and Methods are in sufficient. It is not quite clear to me 

what the exact time frame of the analysis in this study. Line 65-66 stated 25 years of 

remote sensing data were used, does that mean the same time period is covered in 

model and re-analysis data? But in Figure 3, the figure legend mentioned 176 years 

of El Nino cases in ESM were analyzed. Some statistical analysis such as “joint 

composition analysis” may not be familiar to readers, me included, a reference should 

be very helpful. 

Response: In our study, we utilized observational and reanalysis data 

spanning a 25-year period (1998–2022). To compensate for the relatively short 

duration and limitation of the datasets, we analyzed long-term simulation (1,000 years) 

under the present-day climate condition using GFDL-CM2.1. Using these 1,000-year 

simulations, we identified 176 El Niño cases, enabling a comprehensive analysis of 

the mechanisms driving chlorophyll blooming in the East China Sea during the El Niño 

decaying summer season using diverse El Niño cases. To provide additional 

clarification regarding the available period of model data, we have added the 

description to the "Data and Method" section as follows: 
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(L94-97): We used the present climate-based (1990-year atmospheric CO2 concentration level; 

353 parts per million (ppm)) long-term (1,000 years) simulations of the Geophysical Fluid 

Dynamic Laboratory (GFDL) - CM2.1 Earth System Model (ESM) fully coupled with the marine 

ecosystem model TOPAZv2 (Tracers of Ocean Phytoplankton with Allometric Zooplankton 

Version 2; Dunne et al., 2013). 

 

Additionally, in the revised manuscript, we assessed the relative contributions 

of three mechanisms using a regression method instead of the joint-composite 

analyses (Figure R3-7, Table R3-1; We added Figure R3-7 and Table R3-1 as Figure 

9 and Table 1 in the manuscript respectively). We normalized all variables and 

conducted multiple regression for three mechanism indices at each grid point of SCHL 

anomalies across the target region. And, we quantified the relative contributions of 

three mechanisms by multiplying the linear regression coefficients between the 

Nino3.4 index and each mechanism index by their multiple regression coefficients 

respectively (Eq. R3-1; We added it as Eq. 4 in the manuscript). 

 

𝑑𝐶ℎ𝑙

𝑑𝑁𝑖𝑛𝑜3.4
(𝛼) =  

𝜕𝐶ℎ𝑙

𝜕𝑅𝑢𝑛𝑜𝑓𝑓
×

𝑑𝑅𝑢𝑛𝑜𝑓𝑓

𝑑𝑁𝑖𝑛𝑜3.4
 + 

𝜕𝐶ℎ𝑙

𝜕𝑇𝑆−𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡
×

𝑑𝑇𝑆−𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡

𝑑𝑁𝑖𝑛𝑜3.4
 + 

𝜕𝐶ℎ𝑙

𝜕𝐸𝑘𝑚𝑎𝑛−𝑈𝑝𝑤𝑒𝑙𝑙𝑖𝑛𝑔
×

𝑑𝐸𝑘𝑚𝑎𝑛−𝑈𝑝𝑤𝑒𝑙𝑙𝑖𝑛𝑔

𝑑𝑁𝑖𝑛𝑜3.4
+ 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙        (Eq. R3-1) 

 

The results indicate that both the Runoff- and the TS-transport-driven 

mechanism have the most significant contributions to the intensity of SCHL blooming 

in the target region. Although the Ekman Upwelling-driven mechanism exhibits a lower 

contribution compared to the others, it still exerts a meaningful influence on about half 
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of the other mechanisms. Spatially, the Runoff-driven mechanism primarily affects the 

central area of the target region (Figure R3-7a), while the TS-transport-driven 

mechanism plays a major role along a southwest-northeast diagonally (Figure R3-7b). 

In contrast, the Ekman Upwelling-driven mechanism uniformly influences the overall 

target region (Figure R3-7c). Especially, the runoff- and the TS-transport-driven 

mechanism contribute similarly to the SCHL blooming intensity in the target region. 

Although the Ekman upwelling-driven mechanism accounts for approximately 40 to 

47% of the others, it still exerts a significant influence (Table R3-1). Consequently, we 

have replaced the paragraph that calculated the relative contribution for each 

mechanism from the joint-composite analyses previously we used to the regression 

method as follows: 

(L313-349): So far, we have conducted a comprehensive evaluation and analysis of the 

complex mechanisms driving phytoplankton blooms in the ECS during the summers following 

the decaying phase of El Niño events. In addition to the runoff- and TS-transport-driven 

mechanisms suggested in previous studies, we introduced the Ekman upwelling-driven 

blooming mechanism. Subsequently, we quantified the relative contributions of these three 

mechanisms based on regression methods using (Eq. 4) as follows: 

𝑑𝐶ℎ𝑙

𝑑𝑁𝑖𝑛𝑜3.4
(𝛼) =  

𝜕𝐶ℎ𝑙

𝜕𝑅𝑢𝑛𝑜𝑓𝑓
×

𝑑𝑅𝑢𝑛𝑜𝑓𝑓

𝑑𝑁𝑖𝑛𝑜3.4
 + 

𝜕𝐶ℎ𝑙

𝜕𝑇𝑆−𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡
×

𝑑𝑇𝑆−𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡

𝑑𝑁𝑖𝑛𝑜3.4
 + 

𝜕𝐶ℎ𝑙

𝜕𝐸𝑘𝑚𝑎𝑛−𝑈𝑝𝑤𝑒𝑙𝑙𝑖𝑛𝑔
×

𝑑𝐸𝑘𝑚𝑎𝑛−𝑈𝑝𝑤𝑒𝑙𝑙𝑖𝑛𝑔

𝑑𝑁𝑖𝑛𝑜3.4
+ 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙          (4) 

 Firstly, we normalized all variables and conducted the multiple regression with respect to 

SCHL index in the target region as the dependent variable and three mechanism indices as 

independent variables. Secondly, we calculated each term by multiplying the linear regreesion 

coefficient between Nino3.4 index and each mechanism index by the corresponding multiple 

regression coefficient for each mechanism index. The combined effects of the three 

mechanisms and the residual term collectively account for the variation of the SCHL index in 
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the ECS region with respect to the El Niño events. Therefore, each term indicates how 

changes in three mechanism induced by ENSO cycle (as indicated by the Nino3.4 index) affect 

on phytoplankton blooms in the ECS region. The results show the effect of runoff-driven 

mechanism and the TS-transport mechanisms to SCHL blooming intensity in the target region 

are comparable (Table 1). In the case of the Ekman upwelling mechanism, it accounts for 

about 40% to 47% of contributions comapred to the other two mechanisms, yet still exerts a 

meaningful influence as well. 

Table R3-1. Relative contributions of three mechanisms to SCHL blooming in the target 

region. 

 𝛼 Runoff TS-transport Ekman Upwelling 

Contribution 0.511 0.152 0.138 0.065 

Additionally, we identified their spatial contributions to further elucidate the effects of each 

mechanism within the target region (Figure 9). We conducted multiple regression for three 

mechanism indices at each grid point of SCHL anomalies across the target region. Following 

the same way examined above, we calculated the spatial contributions by multiplying the linear 

regression coefficents of each mechanism with repsect to the Nino3.4 index. The results 

showed that the runoff-driven mechanism exhibited the strongest contribution at the center of 

the target region, driven by direct riverine nutrient inflow (though the model doesn’t simulate 

P input) and nutrient supply through buoyancy upwelling induced by river discharge (Figure 

9a). In contrast, the TS-transport-driven mechanism significantly contributes along a 

southwest-northeast diagonal direction, aligning with nutrient transport via the TS from the 

SCS (Figure 9b). Additionally, the newly proposed Ekman upwelling-driven mechanism, while 

relatively lower in overall contribution, shows significant and uniformly distributed impacts 

across the target region (Figure 9c). These results suggest that all mechanisms can affect 

comprehensively to induce phytoplankton blooms in the ECS during the following summers of 

the decaying phase of El Niño events. Therefore, considering all mechanisms is essential for 

accurately predicting the intensity of phytoplankton blooms.  
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Figure R3-7. Relative contributions of three mechanisms to SCHL blooming in the target region during 

summers following the decaying phase of El Niño events (a) Runoff-driven mechanism (b) TS-transport-

driven mechanism (c) Ekman upwelling-driven mechanism. 

 

 

 

• In describing the TOPAZ model, the authors stated Dunne et al. (2010, 2013) TOPAZ 

model is implemented in this study. As TOPAZ is developed in completely different 

context. I am not sure if the authors have done anything to tune the model parameters 

for ECS regions? If so, the model parameters should be listed in a table, if not in the 

main texts, should be in supplementary materials. 

 

Response: We conducted the experiments using the GFDL-CM2.1 Earth System 

Model coupled with the TOPAZ biogeochemical model. As we coupled our in-house 

model to an already well-optimized marine biogeochemical model, we did not make 

any adjustments or tuning to the model parameters.  
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• English is mostly well written, but therse are places where comprehension is 

compromised due to incorrect English. 

Response: Thank you for your comments on the English writing. We tried to improve 

the English description and expressions throughout the entire manuscript. 

 

Detailed comments: 

 

• Line 39: citation of Racault et al. (2017) is not appropriate, as that paper does not 

address ECS specifically. 

Response: We have corrected with more appropriate references. 

 

• Line 42: What does YECS stand for? 

Response: Sorry for omitting the abbreviation. We have revised it in the manuscript 

as follows: 

(L44) “Yellow and East China Seas (YECS)” 

 

• Line 89: Fe is a ”micronutrients”, but others are macronutrients. 

Response: We have revised it in the manuscript for clarify as follows: 

(L102) “macronutrients & micronutrients” 

 

• Figure 1: How were the anomalies calculated? Are they against annual mean? or a 

climatology of certain period? Need to be precisely stated. 
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Response: We have added the description of the anomaly as follows: 

(L104-105) “All anomalies are calculated by removing the seasonal cycles and the 

linear trend.” 

 

• Line 102: Yamaguchi et al. (Year?) 

Response: Corrected. 

(L117) “Yamaguchi et al (2012)” 

 

• Line 113-114: “This anomalous phytoplankton bloom during the boreal summer 

season of the following El Niño events has been explained by enhanced precipitation.” 

This sentence is hard to read. Are you trying to say the anomalous phytoplankton 

bloom following the El Nino events has been explained by enhanced precipitation? 

Response: In order to address the aims of our study and improve readability, we have 

revised the manuscript as follows: 

(L132-135) “The anomalous phytoplankton blooms during the summers following El 

Niño events can be attributed to increased riverine discharge from the YR, driven by 

enhanced precipitation, and the substantial nutrient supply through the TS from the 

South China Sea (SCS).” 

 

• Figure 2(e, and f): What do red and red squares stand for? Describe it in the legend. 

Response: The red and blue squares represent the YRE and Extended YRE regions, 

respectively, and we have added the description to the Figure 2 caption. 

 

• Figure 4a: What are the gray dots for? 

Response: Figure 4a shows the relationship between the Nino3.4 DJF index and 
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area-averaged surface chlorophyll-a anomalies over the target region in GFDL-CM2.1 

ESM used in the research. Gray dots represent the non-El Niño cases. We have added 

the description of the gray dots in Figure 4 caption. 

 

• Line 173-174: Where is the observed patterns of NO3 and PO4? 

Response: Annual nutrient distribution from World Ocean Atlas (WOA) reanalysis 

data reveals a NO3-dominated pattern centered around the YRE, which is attributable 

to strong river discharge. In contrast, PO₄ concentrations remain relatively low 

throughout the entire ECS region. 

 

• Fig. 5: How did you simulate runoff? It appears there is no grid close to the coast due 

to coarse resolution. 

Response: The model simulates the runoff in the grids where dots are displayed in 

Figure 5d-f. 

 

• Line 260: “ within the red box in Fig. 7g”. The red box is in Fig. 7c. 

Response: Corrected. 

 

• Line 261-263: How deep could be the upwelling, and what is the nutrient 

Figure R3-8. Annual mean nutrient distribution (a) NO3 (b) PO4 concentrations 
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concentration of the upwelling horizon? 

Response: The ECS is featured by shallow waters, with a maximum depth of 

approximately 50 meters, making it highly conducive to the upward transport of 

nutrients from the subsurface layer through upwelling.  

Jing et al (2009) mentioned that the local winds in the northern coastal region 

of the South China Sea can induce upwelling within 100m depth of water column. This 

suggests that such upwelling is sufficient to transport nutrients to the surface layer, 

promoting the growth of phytoplankton and enhancing primary productivity in the ECS 

region. 

 

• Line 274: “Joint composition analysis” may not be familiar to large number of readers, 

including myself. A reference should be provided.  

Response: In the revised manuscript, we assessed the relative contributions of three 

mechanisms using a regression method instead of the joint-composite analyses. 

Therefore, we have replaced the paragraph that calculated the relative 

contribution for each mechanism from the joint-composite analyses to the regression 

method. 

 

• Fig 9(a) and Fig 7(a-c): The position of modelled and observed position of GPH 

anomalies are quite different in latitude. Need some explanations. 

Response: Figures 7a–c show the location of the WNPAC in the model results. During 

the summer of the El Niño decaying phase, the WNPAC location in the observations 

(16.5°N–26.5°N / 130°E–155°E) and the model (13.5°N–26.5°N / 124.5°E–160.5°E) 

are slightly different in terms of zonal location. 
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We have added a description of the location of the WNPAC index in the model 

results shown in Figure 8c as the red box in the revised manuscript: 

(L307-309) “The correlation between WSCL and the WNPAC index (13.5°N–26.5°N / 

124.5°E–160.5°E; which is slightly broader than observations) calculated from GPH 

anomalies within the red box in Fig. 8c exhibits a significantly positive relationship (r = 

0.45**) at the 99% confidence level” 

 

• Line 368: What do you mean by “two seasons”? 

Response: It refers to the El Niño peak phase (D(0)JF(1)), which represents two 

seasons prior to the El Niño decaying summers (JJA(1))  

 

• Lines 370-371: Not clear about the correlation between what? Do you mean the 

correlation between observation and ESM results? 

Response: Figures 11a–d illustrate the lagged relationship between the WNPAC 

index and observed SCHL concentration for the D(0)JF(1)–JJA(1) in Figure 11a-b and 

MAM(1)–JJA(1) in Figure 11c-d in observations. Figures 11e–h present the 

correlations between model results as same as Figure 11a-d. To prevent confusion 

between observations and models in Figure 11 (previously Figure 10 in the 

manuscript), we have added the additional explanation as follows: 

(L421-422) “We found a significantly positive lagged relationship between the WNPAC 

index and blooming magnitude in the ECS region in both observations and ESM 

results (Figure 11a-d; Observations, Figure 11e-h; Model).” 
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