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The authors thank the referee for their time and inputs. We have provided a point-by-point response to each of their com-

ments.

General comment: Despite positioned along the same latitude in the norther hemisphere, dry-warm dessert exists over Sahara

while wet monsoonal region is seen over south Asia in the present climate. In this manuscript, authors show that this difference

is because of the presence of water vapor in the air. Water vapor is a strong absorber of longwave radiation emitted by the

surface. Abundance of water vapor over South Asia enables high amount of longwave absorption such that the net radiation at

the top of the atmosphere becomes positive, a necessary condition for monsoon to exist. Such a condition is not prevalent over

Sahara on account of lack of water vapor. Authors confirm this by a GCM experiment where they performed two simulations

with opposite rotation direction of the earth around its own axis.

The overall theme of the study is excellent. The results are useful to understand both monsoons and desert mechanisms.

However, I have two primary concerns regarding its current version. Firstly, several figures are in the supplementary which

make the text hard to follow. I suggest moving some important figures to the main text and expand discussions around them.

Secondly, the data sets are from reanalysis. It is well known that reanalysis products, an output of numerical models, suffer from

reasonably capturing clouds, a key component of the radiation budget of the climate. My detailed comments are given below.

Although a figure is shown in Supplementary comparing ERA5 Fnet with that from CERES, I’m not convinced by it. The reason

being, this study further divides its components, and it is highly likely that components of Fnet could be very different in ERA5

as compared to satellite-based estimates. It is advised to compare other components of radiation budget in the manuscript to

make it more robust.

Reply: Thank you for your encouraging feedback. We will move the relevant figures from the supplementary text to the main

text to improve the readability. The referees’ concerns regarding the reanalysis datasets are well taken and we acknowledge

the limitations of reanalysis data. Our choice to use reanalysis data was primarily driven by the availability of all necessary

atmospheric variables required for calculating TGMS. Despite known issues, these variables exhibit consistency with top-of-

atmosphere (TOA) measurements. To further address the referees’ concerns, we now include a comparison of TOA radiative

fluxes from ERA5 with those from CERES. These will be added in the supplementary of the new manuscript.

Figure 1 shows the comparison between TOA fluxes taken from ERA-5 and CERES. The Ftoa has small deviations, however,

the net shortwave at TOA and OLR have larger differences due to the misrepresentation of clouds. Nevertheless these discrep-
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Figure 1. Ftoa and its components. The spatial distribution of the total energy budget at the top of the atmosphere (Ftoa) and it’s components

is shown by using ERA-5 climatology (1991-2020) and CERES climatology (07/2005 - 06/2015). The maps represent the Jun-Jul-Aug mean

is plotted. The top row (a-c) displays data from CERES, middle row (d-f) depicts the data from ERA-5, and the bottom row (g-i) shows the

anomaly between ERA-5 and CERES. The left column (a,d,g) presents Ftoa, center column (a,e,h) depicts the all-sky net shortwave radiation,

and the right column (c,f,i) represents the outgoing longwave radiation.

ancies do not impact our main result. In Figure 2, we show that the relative contribution of net shortwave at TOA and OLR to

the Ftoa difference between the Sahara and S. Asia are similar. In both datasets, the largest term is the OLR. Decomposing it

further suggests significant contributions from water vapor (in the clear-sky) and cloud effects. Notably, the cloud contribution

is stronger in CERES, but this does not alter our overall conclusions.
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Figure 2. Decomposing Ftoa. The bar chart illustrates the differences in the TOA fluxes and their components between Sahara and S.Asia.

(a) is taken from ERA-5 climatology (1991-2020) and b is from CERES. Jun-Jul-Aug means are used for these climatologies.

1. Comment: Fig 1: Fnet is close to zero over Sahara. But the text all along says that Fnet is negative over Sahara (Lines

1, 13). Please correct the sentences accordingly.

Reply: Fnet is zero when averaged over the domain shown in Figure 1 of the manuscript. However, there are large

regions where Fnet is negative, especially, in eastern Sahara. The text primarily refers to these regions and not the average

Fnet over the domain under consideration. We agree with the reviewer and consistency should be maintained in the text

and the figures. We will change this in our revised manuscript.

2. Comment: Overall, the manuscript can be expanded to make it a ‘long-paper’. I suggest

(a) moving the sub-sections under ‘Appendix’ under a new a section ‘Data and Methods’ after Introduction.

(b) moving some key figures from the supplementary to the main text.

(c) Organize the text such that the flow is a bit more natural. I suggest keeping the entire observation part at the start.

Then the modeling part can start. Or keep the modeling component from the beginning to the end of the centerpiece

and use observations only as evidence to the proposed theory.
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Reply: Thank you for the suggestion. The ’Data and Methods’ is in the Appendix since the manuscript was

originally submitted for consideration as ESD letters. In the revised manuscript, we will move the ’Data and Methods’

section below introduction and some of the key figures from the supplementary will be shifted to the main text. The

text will then be organized such that the observation will be in the initial part of the revised manuscript followed by the

modeling part.

3. Comment: Line 72: Fig 2c and 2d show the relationship of OLR with CWV and Ts, respectively. Please correct.

Reply: The figures show a scatter between the clear-sky OLR over the Sahara and the South Asian monsoon region

vs CWV and Ts, respectively. The text in Line 72 has the order reversed. Thank you for pointing this out. We will correct

this in the revised manuscript.

4. Comment: Line 74: “CWV over the Sahara does not exceed 25 kg m-2, and does not influence the clear sky OLR”.

Figure 2b suggests that OLRclearsky increases sharply with an increase in CWV over the Sahara.

Reply: Clear-sky CWV over the Sahara is influenced by both, the surface temperature and the moisture content

in the atmosphere. The impact of CWV on clear-sky OLR is much smaller over the Sahara. This evident in a better

way through the radiative transfer model calculations. We have run RRTMG in off-line mode with surface temperature,

atmospheric temperature, and humidity prescribed. Figure 3 below shows the contribution of CWV (column integrated

water vapor) & T (surface + atmospheric temperature) to clear-sky OLR over the Sahara and the South Asian monsoon

domains. Over S.Asia, the clear-sky OLR when both CWV & T are being updated follows the red plot (T effect) closely

during the pre-monsoon period. After monsoon onset it follows the blue plot (CWV effect). Contrarily, in the The scatter

plots used in the earlier manuscript does not highlight the impact of Ts vs CWV. Hence, we will move the scatter plots

to the supplementary and instead keep the following figures in the main text.

5. Comment: Line 76: “As CWV increases during the onset and progression of the monsoon, clear sky OLR transitions

from a state where it depends on surface temperature to a state where it depends on CWV.” It is not clear to me from the

plot. I suggest making another figure to clearly visualize and justify this statement.

Reply: Thank you for your comment. We will replace the scatter plots with timeseries plots showing the relative

contributions of CWV, and Ts. This graph shows in a better way the transition of clear-sky OLR (over South Asia) from

being dominated by Ts to being dominated by CWV during monsoon onset.

6. Comment: It will be good to see the difference in SST between the two experiments. Is there any significant change over

the Atlantic Oceans?

Reply: In the new manuscript we will include the SST differences between the two experiments. Due to the large-

scale changes in atmospheric and oceanic dynamics, the SSTs are different (Figure 4). This affects the spatial distribution
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Figure 3. Influence of water vapor and surface temperature on clear-sky longwave emissions The time series of clear-sky outgoing

longwave radiation (OLR) includes four datasets: the MPI-ESM pre-industrial control simulation (CTL) shown in black, the RRTMG offline

run in grey, the RRTMG simulation isolating the effect of water vapor in blue, and the RRTMG simulation highlighting the impact of

temperature (surface + atm) in red. To isolate the influence of water vapor, temperature is held constant at its April–May mean value while

water vapor is varied. Conversely, to assess the impact of surface temperature, water vapor is fixed at its April–May mean while surface

temperature is updated. Pentad means are used to construct the seasonal cycle.

of tropical precipitation/monsoons. However, this is only an initial trigger for the monsoon onset over the Sahara. The

progression of monsoon over the Sahara is enhanced by the radiative feedback of water vapor.
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Figure 4. SST in RETRO and CTL. TThe spatial plots in panels (a) and (b) show the June–July–August (JJA) mean climatology derived

from the RETRO and CTL simulations, respectively. The climatologies are computed using data from the final 100 years of each simulation.

7. Comment: There’s a key difference between the two descending regions in RETRO and CTL. Over Sahara in CTL,

the descent does not have any seasonal cycle. However, over East Asia in RETRO, a strong seasonal cycle is prevalent.

This indicates that the ‘monsoon’ happens during northern winter over East Asia in RETRO. What’s the reason for this

difference?

Reply: Thank you for your interesting question. We believe the winter ’monsoon’ over the East Asia in RETRO is

due to the orographic effects of Tibet, particularly, its interaction with the mid-latitude storms. While this is an interesting

question to address, we believe it is outside the scope of the current study, and we plan to include a detailed analysis in

the follow-up paper.
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