
Response letter:  

 

Xu YUAN and Zhongbo SU 

Dear Dr George Nurser ,  

We would like to thank you for your comments. Your valuable comments help us to 

improve the quality of this manuscript. In revising the paper, we have carefully considered all 

comments and suggestions. Reviewers’ comments are in are in normal font and gray shaded. 

Our responses to the critics of the referees are provided with the normal font in blue color. 

Major comments: 

1. I am not entirely happy with the focus on the SODA reanalysis. It seems to give 

fields substantially different to ARGO, and I am suspicious of the positive BLT over thewhole domain 

given that substantial parts of the domain (esp to the NW) are areas of 

net FW loss where salinity should increase towards the surface and there should be 

no BL. I would like to see further validation of the SODA fields before I can accept this 

analysis. Also, the figures need to clearly differentiate areas of no BLT from no data; 

currently both are white, which is confusing. 

 

Thanks for your concerning and comments. We have evaluated the creditability of SODA 

BLT by comparing the seasonal spatial feature and variabilities with Argo BLT. Results are 

presented from Figure 1 to Figure 3 in the revised manuscript. For clarity, we have also 

plotted the zero contour of BLT in Argo and SODA to differentiate areas of no BLT from no 

data (see Figure 1). The detailed discussion has been as followings (Lines 107-144 in the 

revised manuscript). 

 

“BLT calculated by SODA version 3 reanalysis data is assessed against Argo float observation from 2005 to 

2015. Figure 1 shows the distributions of the climatological BLT in the TIO for different seasons. BLT 

climatology obtained from SODA presents a thinner bias in the Bay of Bengal in all four seasons comparing to 

Argo BLT. This weakened BLT is probably because of lacking the runoff data in the Bay of Bengal (Carton et 

al., 2018; Carton and Giese, 2008, 2006). SODA BLT fails to capture the BLT feature in the western TIO and 

northwestern Arabian Sea where no BLT is expected (white areas with green line). However,  for the interest 

area of this study, the BLT in SODA shows a coherent spatial pattern with the Argo BLT in the TIO (55°E-

100°E, 5°N -12°S). For instance, thicker BLT locates in the eastern TIO while thinner BLT locates in the 

western TIO. The seasonal evolution of BLT in the eastern TIO obtained from SODA is consistent with that 

from Argo as well. The area and intensity of BLT in the eastern TIO experience decreasing from boreal winter to 

spring and increasing in both boreal summer and autumn.   

To evaluate the seasonal and interannual variabilities of SODA BLT, the region-averaged BLT over two 

separated boxes ( from 55 °E -80°E and from 85°E to 100°E, respectively) along with the band between 5°N and 

12°S is shown in Figure 2 and Figure 3. In Figure 2, both SODA reanalysis and Argo capture the seasonality of 

BLT, although the details are somewhat different. In the west sector (55°E -80°E), the thickest BLT is in boreal 

winter while relatively thin BLT is in boreal spring. In contrast, in the eastern sector (85°E-100°E), the relatively 

thick BLT occurs in boreal autumn while the thin BLT occurs in boreal spring and summer. 

Due to the insufficient temperature-salinity observations, we only compare the interannual variability of the 

SODA BLT with the Argo during 2005-2010. Two curves show good consistency in both west of 80°E and east 



of 80°E (Figure 3). Respective correlations between SODA and observation for the west of 80°E and east of 

80°E are 0.75 and 0.90, which are statistically significant at the 99.9 % confidence level. 

Thus, comparisons between SODA and Argo BLT show the SODA capability in representing the seasonal and 

interannual variability of the BLT in the TIO. In the next section, we will only use SODA reanalysis data to 

investigate the seasonal and interannual variability of BLT in the TIO (55°E-100°E, 5°N -12°S) from 1980 to 

2015. 

The seasonal and interannual variations of MLD and ILD averaged over the west sector (55°E-80°E, 5°N -12°S) 

and the east sector (85°E-100°E, 5°N -12°S) have also been calculated in Figure 4 to see which is the dominant 

role for the BLT variability. However, it is hard to define whether MLD or ILD is the main dominator. In 

particular, both MLD and ILD display an annual cycle while BLT presents a semi-annual cycle in the western 

sector. In the eastern sector, both MLD and ILD increase from March to August and decrease from September to 

February, while BLT increases from March to November and decreases from December to February. Thus, the 

impacts of MLD and ILD on the BLT is dependent on the seasons. On the other hand,  from their interannual 

time series, there is no BLT (negative) in the years with deeper MLD, while prominent BLT exists in the years 

with deeper ILD. Then, we calculated their correlation coefficients. Respective correlations of MLD and ILD 

with BLT are -0.07 and 0.47 in the west sector and -0.25 and 0.38 in the east sector. The interannual variation of 

BLT is mainly related to the ILD variation in the TIO. To further study the seasonal and interannual variations of 

BLT, we choose the variables in MLD, such as SST and SSS, and thermocline (prominent variations in the 

deeper ocean).”  

 

 
 

2. It is interesting to see the seasonal variation of the BLT, but there is little discussion 

of the mechanisms driving it e.g. discussion of why does the SSS change should be 

linked to freshwater budget changes, while discussion of thermocline depth change 

should include e.g. details of changes in Ekman pumping. A couple of figures showing 

typical vertical profiles would also be useful. 
 

Thank you very much for your suggestion. We have added the seasonal evolution of the 

upper-ocean salinity, freshwater flux and zonal component of wind stress in Figure 8 and 

analyzed the change of SSS with freshwater flux and the change of thermocline with wind-

driven upwelling (Line194-208).  
“According to the above analysis, we examined the corresponding atmospheric forcing in the western TIO and 

eastern TIO, respectively. Figure 9 shows the seasonal evolution of the upper-ocean salinity, MLD, ILD, 

thermocline, freshwater flux (Precipitation minus Evaporation, P-E), and the zonal component of the wind stress. 

In the western TIO, freshwater flux freshens the upper-ocean water from October to April, which in turn, 

thickens the BLT, consisting of the analysis in Figure 7. On the other hand, westerlies lead to Ekman pumping, 

which in turn, results in the thinner thermocline (green line) to affect the BLT. In the eastern TIO, the seasonal 

variation of BLT is more complex than that in the western TIO. Firstly, the seasonal evolution of SSS has a 

semi-annual feature, while freshwater flux does not.  This may link to the Indonesian throughflow which brings 

freshwater from the Pacific Ocean into the eastern TIO (Shinoda et al., 2012). Secondly, the thermocline 

presents the opposite seasonal cycle comparing with that in the western TIO, although the zonal wind stress 

displays a similar seasonal variation in both the western and eastern TIO. Last but not least, we also noticed that 

the salinity in the deeper ocean varies similar to the thermocline in the eastern TIO, which is different in the 

western TIO. Thus, the seasonal variation of BLT in the eastern TIO is not mainly driven by freshwater flux and 

wind-driven upwelling. Felton et al. ( 2014) have suggested that the seasonal BLT variation in the eastern TIO 

may be related to the sea level and ILD oscillation.”  

 

3. The discussion of the interannual variability is a little sketchy, but is reasonable. In 

summary I would like substantial revision validating the data and emphasising more 

the mechanisms  
 

Thank you very much for your comment. We have added the data evaluation and mechanisms 

analysis in the summary (Line 284-298). 
 

“The seasonal and interannual variability of BLT in the TIO was investigated mainly by using the 

SODA version 3 reanalysis dataset from 1980 to 2015. Although SODA differs in representing the no 



BLT status near the land mass in the western TIO as shown in Argo, the SODA BLT displays the 

spatial feature in a good agreement with the Argo BLT. Also, the seasonal and interannual variations 

of BLT in SODA is consistent with that in Argo. Despite the biases in the spatial feature and 

variabilities of BLT, SODA is deemed to reproduce overall reasonably well the main characteristics of 

the BLT in the TIO, and thus it has merits for further exploration of the long-term seasonal and 

interannual variability of the BLT in the TIO. 

The contributors to the seasonal variability of BLT is different between the eastern and western TIO. 

In the eastern TIO, BLT is weakly affected by thermocline change, shown as the deeper thermocline 

leading to the thicker BLT. This positive correlation between BLT and thermocline is prominent in 

boreal autumn. In the western Indian Ocean, the factors affecting the BLT change with the season. 

During boreal autumn, SSS overwhelming SST has a remarkably negative impact on the BLT. The 

saltier water is, the thinner BLT is. Both SSS and thermocline anomalies make contributions to the 

BLT during boreal winter through the freshwater flux and the winter monsoon wind-driven upwelling. 

The positive SSS anomalies shoal BLT while the positive thermocline anomalies thicken BLT. During 

boreal spring, BLT anomalies are mainly driven by SSS. Meanwhile, there is a weak BLT feedback on 

SSS anomalies, which is intensified in boreal summer.” 

 

 

Minor comments: 

1. The English while readable, is still not great, and could do with reading by a native 

English speaker. E.g. "composting" actually means allowing vegetables to decay! I 

think you mean "compositing" or "composited"? 
 
Thank you for your comments. We have improved the English writing. 

 

 
2. p1, l28–36. Simplify to just stating that previous definitions in terms of temperature 

difference have been replaced by new definitions in terms of density difference; leave 

the details (0.2, 0.03 kg/mˆ3 etc) to section 2. 

 

Thank you for your suggestion. We have deleted them in the introduction and put them in the 

section 2 (Line78-80). 
 

3. p2, l23–24. Please explain why zonal SSS gradient is important. Is it to do with Ekman 

drift? 

 

Thank you for your comments and question. We have added the explanation of the 

importance of SSS gradient and it is driven by the anomalous wind.  
 

4. p3, l1–8. Please define much more carefully what your definitions of MLD are, and actually 

write them out as equations. Also, you should mention Kara et al. (2000), as the 

first paper to use a density criterion based on a temperature criterion: Kara, A. B., P. A. 

Rochford, and H. E. Hurlburt (2000), An optimal definition for ocean mixed layer depth, 

C2 OSD Interactive comment Printer-friendly version Discussion paper J. Geophys. Res.-Oceans, 

105(C7), 16,803–16,821, doi:10.1029/2000JC900072.  

 

Thank you for your suggestion. We have re-written the definitions of MLD in section 2 and 

added the reference in the introduction. 
 

5.p3, l11 "reduced systematic errors to a level" What level? 

 



Thank you for pointing out this. We have revised this sentence. See below (Line83-85).  

“SODA version 3 has reduced systematic errors to the level that are adequate for the no-

model statistical objective analysis in the upper ocean and also has improved the accuracy of 

poleward variability in the tropic (Carton et al., 2018)”. 

 
6. p3 l30–35. BLT is zero in the western Indian Ocean in ARGO but not in SODA. SODA 

BLT see generally excessive. Please compare more fully with ARGO. 
 

Thank you for your comments. We have re-plotted Figure 1 to evaluate the SODA BLT in the 

tropical Indian Ocean. All related statements have been revised accordingly.  

 
7. p4 l 3 and below. "winter’ is confusing. Please use "boreal winter" or "northern winter" 

(at least the first few times).  
 

Thank you for your correcting. We have corrected it throughout the manuscript. 

 

 
8. p5 l 21–25. Please spent some time describing the IOD. A figure would help. 

 

Thank you for your suggestion. We just used the Dipole Mode Index (DMI) to do the 

composition of SSS, BLT and thermocline. Thus, we did not describe the IOD in detail. But 

we have added the importance of IOD and the description of DMI in section 5 before 

compositing (Line219-224). 

 

 
9. p6 l 1–10. Explain how developing and decaying El Nino are defined: it seems you are 

just considering El Nino and La Nina years. 
 
Many thanks for pointing out this. We have explained the three phases of El Niño in section 5 

(Line 239-240). Yes, we just considered the extreme ENSO events. During these years, it is 

easier to find the relationship between ENSO and BLT in the TIO. 
 

10. Fig. 1. Please differentiate between missing data and zero BLT.. 

 
Thank you very much for pointing out this. We have re-plotted Figure 1 and use the zero BLT 

contour (green line) to differentiate between missing data and zero BLT. The white area with 

green line means there is no BLT. 

 
11. p11, Fig. 6. Are green shaded areas 95% limits for all years? If so please state this 

clearly. 

 

Many thanks for your comment.  We have added the corresponding description of the Monte- 

Carlo procedure in the section of method (Line95-98). 
 

 

 

 

 

 

 

 


