The referee’s comments are in italics, and our responses are non-italics.

Comment 1: This manuscript examines the influence of Sea Surface Temperature (SST) in the
Bay of Bengal (BoB) on the South Asian Summer Monsoon (SASM) rainfall over the past 31
ka. It is done by analyzing various proxy records, including carbonate-clumped isotopes and
stable oxygen isotopic composition of surface-dwelling planktic foraminifera Globigerinoides
ruber from the Central West BoB (CWBo0B). This work is intriguing as the multiple proxy
records provide valuable insights in enhancing our understanding of the dynamics of SASM
rainfall. I have the following suggestions and questions.

1. To verify the importance of CWB0B as a moisture source for continental rainfall in the
modern-day context (lines 92-95), a figure illustrating moisture transport using
observational data would be helpful.

Response: Thanks for appreciating our work.

Thanks again! We introduced a revised figure as a modified version of Figure. 1. In the revised
illustration, we added a new panel (b), which shows the ERA-Interim moisture flux (as
contours) during the SASM for the period 1979 - 2017 together with the 48-hour backward
air-mass trajectories information (prior to rainy days) at multiple altitudes (200m, 500m, and
1000m above mean sea level) for the year 2023. This new panel highlights both the
significance of the CWBO0B as a moisture source and the moisture transport pathways during
the SASM. The updated figure and caption are as follows:
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Figure 1: Site map and climatology. a) modern-day climatology (1998 — 2019) showing the distribution of
rainfall minus evaporation (mm/day), wind vectors (black arrow), and surface ocean circulation (green dashed
arrow) during the period of SASM (June, July, August, and September) (Kalnay et al., 1996; Schneider et al.,
2013; Phillips et al., 2021). The study site, MGS17/GCO02 (depicted as a filled orange diamond with a black
boundary), along with other locations (represented by light yellow-filled circles with black boundaries), which
are discussed in the text; b) contours of mass-corrected vertically integrated moisture flux during the SASM for
the period of 1979 - 2017 (Trenberth and Fasullo, 2022), superimposed with 48-hour HYSPLIT backward air
mass trajectories (Stein et al., 2015) at multiple altitudes (200 m, 500 m, and 1000 m above mean sea level) for
the days prior to SASM precipitation events in 2023 at Kolkata. ¢) Plot of monthly Sea Surface Salinity (Reagan
et al., 2024) and moisture flux (Trenberth and Fasullo, 2022) distribution over the study site (MGS17/GC02)
obtained from world ocean atlas climatology resolved at 4°x4° grid space (indicated by the red dashed square in
panel b); d) Long-term average monthly river discharge of Ganges and Brahmaputra to BoB (Jana et al., 2015).”



Comment 2: 2. Since 00 is a mixed signal influenced by temperature, isotopic
composition of the water source, ocean pH, and other factors, how could the conclusion
of “similarity in sea surface temperature and salinity variation across the spatial
domain” (lines 289-292) be drawn?

Response:

This query is linked with Fig. S3, which shows the Z-score of the §*30 in Globigerinoides
ruber at our study site and an adjacent location. The 'O in G.ruber depends on
temperature and 520 of seawater (related to salinity change). The other factors affecting
5180 in G.ruber are vital effect and pH (which the referee has mentioned). Since the size
fraction of G. ruber used for stable isotope analysis is 250-355 um for all the sites, we
assume that vital factors such as symbiont photosynthesis, foraminiferal respiration, and
calcification exert a similar influence on 8*80 across the sites.

There exists no relationship between pH and §'%0 in G. ruber. However, Spero et al.
(1999) reported a slope of -0.0022%o per umol kg ! of carbonate ion concentration [COs>"]
effect in G. ruber 580.

In the revision, we will restate the lines 289 -293 as follows:

“The consistent 580 variability observed in G. ruber in our study, along with data from
adjacent sites VM29-19 (Rashid et al., 2011), SK218/1(Govil and Divakar Naidu, 2011),
and IODP 353 site U1446 (Clemens et al., 2021)), suggest similar variations in SST, SSS,
and surface water carbonate ion [CO32] concentration in a spatial domain (Fig. S3).
During the LGM, the COs> concentration in tropical surface oceans decreased by
approximately 70 umol kg compared to Late Holocene, resulting in a &80 shift of -
0.154%o in G. ruber (Kohler and Mulitza, 2024; Spero et al., 1999). This effect of COs*
ion concentration accounts for about 8-10% of the total 'O change observed between
the LGM and the Late Holocene, which ranges from 1.5 to 2.0%o, highlighting SST and
SSS as major drivers of 880 variability (Table S6).”.

Table S6: Effect of carbonate ion concentration on the §'80 difference in G.ruber
between the LGM and Late Holocene, based on a slope of -0.0022%o per pmol kg™! (Spero
etal., 1999).

5180 in G.ruber (%0VPDB)

Site Name LGM (19 - 23 | Late Holocene (0 | Difference between | Carbonate ion

kyr BP) - 4 kyr BP) LGM and the Late | effect (%)

Holocene
Mean 1SD | Mean 1SD

MGS17/GC02 -0.2 0.0 -1.8 0.3 15 -10
VM29-19 -1.2 0.2 -2.9 0.2 1.7 -9
SK218/1 -0.9 0.2 -2.8 0.3 1.9 -8
IODP353 site -0.9 0.0 -2.9 0.1 2.0 -8
U1446




Comment 3: 3. As different proxies are used at different sediment cores to reconstruct
temperature, to what extent do the uncertainties associated with these different proxies
influence the final calculation of 6"*Osw? More discussion should be added.

Response:

Thanks! We will modify the discussion with the following changes to incorporate
uncertainties in 6'8QOsw estimates starting from line 348:

“Instrumental and calibration uncertainties for various temperature proxies are generally:
2°C for A47 thermometry (Zaarur et al., 2013), 1.4-1.8°C for the Mg/Ca ratio in G.ruber
(Rosenthal et al., 2022), 1.5°C for UX 37 (Miiller et al., 1998), 4-5°C for TEXss (Kim et
al., 2010), 0.7°C for planktic foraminiferal transfer functions (Cullen, 1981), and 0.9°C
for 5180 thermometry (Mulitza et al., 2003). For the SST value of 25°C, the propagated
uncertainties in 880y estimates for these proxies are 0.4%o for A4z, 0.3-0.4%0 for Mg/Ca,
0.3%o for UK 37, 0.8—1.0%o for TEXgs, and 0.2%o for both the planktic foraminiferal transfer
function and §*80 thermometry.

Despite the relatively high uncertainty associated with A47-based SST reconstructions and
propagated 5180w, this method is advantageous due to its independence from non-thermal
variables such as pH, salinity, and the isotopic composition of seawater (Tripati et al.,
2010; Peral et al., 2018). Furthermore, it does not have temperature range limitations for
reconstruction (Zaarur et al., 2013). These characteristics make As7-based SST an
effective method for temperature reconstruction.”

Comment 4: 4. In Section 3.2, cloud cover reconstruction, which is important and
challenging, is addressed. While the authors have made an attempt, | remain
unconvinced due to the numerous assumptions and large uncertainties involved. | would
suggest to first examine the relationship between cloud cover and sea surface
temperature (SST) using observational data.

Response:

Thanks for appreciating the effort in our attempt to reconstruct cloud cover using the
planktic foraminifera abundance ratio in Section 3.2. Your concern regarding the
assumptions and uncertainties in our approach is highly logical. In response, we will
discuss issues such as the driver of ecological niche and foraminiferal dissolution.

In the revision, we will modify the lines 378-381, as follows:

“The premise behind our analysis on the abundance of two planktic foraminiferal species,
Globigerina bulloides and Neogloboquadrina dutertrei, which exhibit optimal thriving
conditions at water depths of 0-50 meters and 50-100 meters, respectively, based on multi-
plankton net samples from the northern Indian Ocean (Tapia et al., 2022) (Fig. S5). The



oxygen isotope-based apparent calcification depths of these species further indicate
shallow water habitat for G. bulloides and deeper water habitat for N. dutertrei (Stainbank
et al., 2019). Given that the salinity and temperature of both shallow and deeper waters in
the BoB align with these species' ecological niches, the Chl a concentrations regulates
their populations (Lombard et al., 2009; Bijma et al., 1990; Munir et al., 2022; Kuroyanagi
and Kawahata, 2004; Maeda et al., 2022).”

We will also revise the discussion between line no. 400 and 402 as follows:

“We have adapted planktic foraminiferal abundance data from the sediment core of the
adjacent site SK218 (Verma et al., 2022) to assess the impact of cloud cover on regional
SST. The dissolution of calcareous tests may affect the foraminiferal count, potentially
altering the original microfaunal population signature of past environmental conditions.

Planktic foraminifera resistant to dissolution

Dissolution index = 10 X - — - - ,
Planktic foraminifera susceptible to dissolution

The observed dissolution index is below 5 for most of the samples (Verma et al., 2022),
suggesting minimal effect from this process (Berger, 1973). In our reconstruction, we
assume the habitat depths of G. bulloides and N. dutertrei have remained constant over
the past 31 kyr.”

Additionally, we will move the supplementary figure (Fig. S6, showing the calibration
between G. bulloides/N. dutertrei and OLR from two sediment trap sites in the Bay of
Bengal) to the main text. An additional figure will be included as a supplementary figure
to illustrate the relationship between OLR and cloud cover fraction over the BoB.
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Fig. S6 (as Fig. 3 in revision) : Relationship between the G. bulloides to N. dutertrei ratio and cloud
cover index deduced from Outgoing Longwave Radiation (OLR) over the BoB. (a) We presented
sediment trap data from NBBTO3, located in the NBoB, which was programmed to collect 13 successive
samples, each spanning a duration of 27 days, between November 16, 1988, and October 6, 1989. Planktic
foraminiferal counts were conducted on samples collected at 2 depths, 967m and 1498m, with a size fraction
ranging between 150pm to 500um(Guptha et al., 1997). (b) Sediment trap CBBTO03 was deployed over the
region CWBo0B, which was operational and coinciding with NBBT03. Planktic foraminiferal counts were
conducted on samples collected from one depth at 950m(Guptha et al., 1997). Interpolated monthly OLR
values were obtained for both sites for the period of observations at NBBT03 and CBBTO03, and a 4°x4°
grid was designed with each site as the focal point (Liebmann and Smith, 1996).
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Fig. S6 (new): Map showing cloud fraction derived from cloud mask data (count of lowest two clear sky
confidence levels, cloudy, and probably cloudy/total count) (in panel a) (Platnick et al., 2015) alongside
OLR (W/m?) (in panel b) (AIRS, 2013) from 2002 to 2016 over the BoB, including their correlation (in
panel c).

In response to the referee's suggestion, we will propose to incorporate an analysis of the
relationship between cloud cover and SST using observational data to provide a robust
validation of the role of cloud cover on SST (included as a supplementary figure below),
and we will reference this in Section 3.2.
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Fig. S7 (new): Correlation between the 11-year running mean of annual in-situ SST anomalies and
standardized low cloud cover anomalies over the BoB from 1966 to 1993 (Rajeevan et al., 2000).



Comment 5: 5. Temperature is a crucial factor in shaping the moisture balance. This
aspect should be discussed in Sect. 3.3.

Response:

Thanks for the suggestion. We agree that SST also plays a key role in shaping the moisture
balance. In response, we will expand Section 3.3 to include a discussion on how
temperature influences moisture flux, focusing on how SST affects the atmosphere’s
ability to hold and transport moisture. The discussion will be added starting from line 438
as follows:

“SST, alongside winds, plays a crucial role in moisture flux by regulating the temperature
of the overlying air. As air warms, its capacity to hold moisture increases at the Clausius-
Clapeyron rate, approximately 7% per °C (Boer, 1993). During the mid-phase of MIS2
and the LGM (20.9-25.2 kyr BP), colder SSTs weakened atmospheric convection,
reducing moisture transport to the NBoB and South Asia while enhancing localized
rainfall over the CWBo0B (Fig. 2b & 2c). The subsequent 5°C rise in SST during
deglaciation intensified evaporation over CWBo0B, promoting atmospheric convection
and increasing moisture transport to NBoB and South Asia (Fig. 2b & 2c).”

Comment 6: 6. The uncertainty of Age-Depth model and related discussion should be
added in Sect. 2.2.

Response:

We will add a discussion regarding the uncertainty in the age-depth model from line 176
as follows:

“To get a continuous estimate of age as a function depth in the sediment core, we used the
Bayesian statistical method (Bacon) to perform interpolation between depths which has
calibrated radiocarbon ages and construct uncertainty estimates that account for possible
sedimentation rate changes throughout the core (Blaauw and Christen, 2011). The average
95% confidence interval width is 1.6 kyr, making ability to resolve millennial-scale proxy
record variations.”

Comment 7: 7. Could you clarify what are “late hemispheres” and “early
hemispheres” (lines 179-180)7?

Response: Thanks for pointing this out. It was indeed an error. In the revised version,
we will correct it to “Late Holocene” and “Early Holocene™.

Comment 8: 8. Please provide the exact duration for drying at 50 °C (line 192).



Response: The samples were dried in a hot air oven at 50°C for at least 48 hours to
eliminate moisture before analysis.

We will include this information in the revised version as follows: “These samples were
oven-dried at 50°C for a minimum duration of 48 hours to ensure complete moisture
removal prior to analysis.”

Comment 9: 9. Authors are encouraged to report their clumped data using the I-CDES
system (doi.org/10.1029/2020GC009588), which allows for the comparison of clumped
measurements from different laboratories and at various reaction temperatures (line
212).

Response:

Thank you for the suggestion. We agree that reporting clumped isotope (As7) data using
the I-CDES system improves inter-laboratory comparability. In the revised version, we
will include the I-CDES values alongside the ARF scale values in Table S4. However, we
will use the ARF scale A47 values for temperature estimates to reduce uncertainties related
to analytical methodology (acid-fractionation corrections and the acid-carbonate reaction
method).

The following sentences will be added after line 212:

“Additionally, the As47 values are reported on the I-CDES scale, calibrated against
published reference carbonate values for ETH-1 and ETH-3 (Bernasconi et al., 2021). To
minimize uncertainties arising from factors such as acid-fractionation, which is scaled at
25°C rather than 90°C (Pramanik et al., 2020), and from variations in the acid-carbonate
reaction and extraction methods (Banerjee and Ghosh, 2023), the temperature estimates
in this study are based on ARF scale A47 values.”

Comment 10: 10. The equation of temperature estimation used should be provided in
Sect. 2.4.

Response:

The following As7-Temperature (in kelvin) equation in the ARF scale (Zaarur et al.,
2013) will be added to section 2.4.

_ (0.0555 +0.0027) x 10°

47= T2 +(0.0780 + 0.0298); R? = 0.93

Comment 11: 11. When reporting temperatures, please ensure that the number of
decimals is consistent between temperature values and their uncertainties throughout
the manuscript.

Response: Thanks. We will ensure consistency in the number of decimal places
between temperature values and their associated uncertainties throughout the manuscript
in the revised version.



Comment 12: Some technical suggestions:

Lines 81-82, 157: “15°19°36" N, 84°54°03” E” -> “15°19'36" N, 84°54'03"E";
“2986m” -> “2986 m”.

Response: Thanks! We will update this in the revised manuscript.
Comment 13: Line 114: for radiocarbon, full name first and then abbreviation.
Response: Thanks! We will update this in the revised manuscript.

Comment 14: Line 146: Is 126-KL a site name? Please keep it consistent elsewhere in
the manuscript (legend in Fig. 1a is 126KL, without dash in between; Line 147 is KL-
126).

Response: We will cite it as 126KL.

Comment 15: Line 157: Repeated information.

Response: Thanks! We will remove it in the revised version.
Comment 16: Line 197: please check “porapaq-Q”.
Response: Thanks! It will be revised as Porapak Q.

Comment 17: Line 214: “ETH1” -> “ETH-1"; “ETH3” -> “ETH-3". Please check the
original paper: doi.org/10.1029/2017GC007385.

Response: Thanks! We will revise it.
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