
We thank the two reviewers for additional thoughtful comments and editorial revisions. We reproduce below the reviewer comments in red below and our responses in black.


Response to Reviewer 1:

• The authors only marginally address the comment made by two reviewers that the
appearance of the double minimum seen near Australia requires greater
explanation, particularly given the potential shortcomings in the methodology that
it indicates. Although they now hypothesize an underlying mechanism for this
particular location (though that mechanism is proposed without supporting
evidence), they do not address the further question of whether this kind of artifact
is expected to emerge elsewhere or at other points in the future evolution of the
climate system, which will be important for validating the usability of this
methodology for applications beyond this paper. The authors choose not to take
Reviewer #2’s suggestions that such areas where the methodology fails be
masked out based on the argument that they wish to note “where and for what
reason this methodology may lead to difficulties.” However, they have not yet
fully discussed where and for what reasons the methodology may lead to
difficulties. The manuscript and the usability of the ASYM metric would benefit
from a more extensive discussion of the conditions in which the methodology is
likely to fail.

Thank you for the comment which has made us reconsider in what additional regions the methodology for defining ASYM may be sensitive to small seasonal changes in temperature. We now stipple regions where the smoothed annual cycle in ERA T2m has more than two temporal extrema (ie, two or more local maxima or two or more local minima that are very similar in amplitude). Similarly, at the locations of the weather stations, we indicate with an ‘x’ the locations where there are more than two temporal extrema. These changes are made in both the ERA and NCEP based calculations (Figs. 2 and A2, respectively). In these regions, τmin  and τmax are defined from the timing of T2m absolute maximum and minimum and, thus, the existence of an additional temporal extrema that is very similar in amplitude to the absolute extrema may make the metric ASYM “jumpy” over short spatial distances (as is highlighted for the Southern Ocean region in the manuscript). This condition occurs over less than 2% of the area of the extratropics (defined as poleward of 25o) and at less than 0.3% of the weather stations considered. This condition primarily occurs over Antarctica and the region of the Southern Ocean analyzed in the manuscript with a small number of additional grid boxes near the sea ice edge and southern edge of the Himalayan plateau. We emphasize that these regions are the exception rather than the rule as most of the extratropical domain features a smooth seasonal cycle in T2m with a single maxima and minima. The text was modified at the end of section 2b, lines 213-220 to include this information.



 


• I appreciate the authors additional discussion of the mechanism underlying the
Indian Monsoon behavior. However, it is largely a literature review ending in a
definitive statement (L672-673) that has not been directly tested here. Although
there is now more support from past studies, this mechanism should still be
presented as speculative, if not tested directly.


We apologize for the accidental inclusion of lines 672-673 in the previous version of the manuscript which resulted from a miscommunication between co-authors. We have revised the text to convey the uncertainty in the relative roles of solar reduction and enhanced soil moisture in the surface cooling associated with the monsoon onset (lines 682-689 of the revised manuscript). We have also shown the magnitude of the reduction in solar radiation associated with monsoon onset in appendix figure A6. The text now reads (changes shown in orange): 
  
[image: ]  [image: ]


• Relatedly, my previous review comment referred not to the Southeast Asian
Monsoon, but rather to the East Asian Monsoon (e.g. Yihui and Chan, 2005),
which occurs primarily north of 25°. Why does the signature seen in the Indian
Monsoon and North American Monsoon not also appear in this monsoon region?

The East Asian Monsoon is characterized by the Meiyu Front and by persistent rain and clouds within and to the south of the Front; these rains last from early Spring to early Summer. In mid-July, when insolation is nearly at peak, the Meiyu breaks up and clouds and rain become more episodic; as a result, the temperature rises and reaches a maximum ~30 days after solstice, in late July. 
By contrast, over India, the monsoon onset is in early June – a few weeks before the equinox, and clouds spread throughout northern India. This means temperatures have been rising for over two months past the spring equinox, and drop precipitously from pre-monsoon values prior to the equinox.  Unlike the “monsoon” over eastern China, the monsoon rains over India persist to nearly the fall equinox. Hence, when the Indian monsoon breaks and the clouds reduce, the temperature may rise but the insolation is too weak for the temperature to approach values that are seen just prior to the onset of the monsoon. Hence, the maximum temperature in the annual cycle is reached prior to equinox. A short discussion of these points is included in lines 690-695 of the revised manuscript.


• The authors now note a major discrepancy between the ocean weather ship data
and the ERA data over the oceans (L237-242). However, I do not see where this
discrepancy is further discussed or its ramifications for the validity of the use of
ERA data over the oceans is assessed. This seems necessary, given that the two
data sources produce opposing signs for ASYM.

[bookmark: _GoBack]Thank you for pointing this out. We intended to note and discuss the discrepancy between the τMIN estimated from OWS data and that estimated from ERA T2m (shown in Fig. 9). We have now added the following paragraph to section 4B (lines 632-639) of the revised manuscript and pointed to section 4B when we first note the discrepancy. 
  
In the eastern ocean basins there is substantial disagreement between τMIN calculated from the OWS T2m and that calculated from the nearest neighbor ERA T2m (c.f. the dots and colors in Fig. 9E). This discrepancy arises because the seasonal minimum in the reanalysisT2m is closer to in phase with the SST minimum while the τMIN  calculated from the OWS T2m is found close to  two months before the SST minimum; this discrepancy is most evident at OWS India (Fig. 9F) and is unrelated to any biases in the SST that are used in the ERA data assimilation. One possible cause for the discrepancy is that winter-time  cold air advection off the continents in the ERA model does not extend far enough eastward across the  ocean basin.


Response to Reviewer 2:
Minor points
1. Line 100: Typo, should be `as well as'
Fixed.

2. Line 146: Despite the claim in the response to reviewers that 1000hPa temperatures
are a better representation of actual T2m than the reanalysis version of T2m, the
authors should address that they are presenting 1000hPa T at places where that
pressure level is below the surface (likely including the gridbox around Seattle given
the topography).

Thank you for the suggestion. We now use ERA 2 meter air temperature in place of the ERA 1000 hPa air temperature that was previously used in the surface analysis and shown in Fig. 2, 1B, 9 and A1. As the reviewer expected, using ERA 2 meter air temperature in place of ERA 1000 hPa temperature results in a better correspondence between the seasonal cycle of temperature in the ERA reanalysis product and that in the station-based data; the mean absolute ASYM difference between the station data and nearest neighbor ERA data is 3.9 days for the ERA T2m as compared to 4.4 days for the ERA 1000 hPa data. We agree with the reviewer that the T2m is less problematic over topography.   

3. Line 290: Specify the latitudes being compared for clarity. The values of ASYM are
quite similar for the western US and western Europe.

Added 45⁰ to 55⁰N to the statement.

4. Line 672: All of these mechanisms seem relevant. What is the evidence that soil
moisture is primarily responsible for the cooling?

We apologize for the accidental inclusion of lines 672-673 in the previous version of the manuscript which resulted from a miscommunication between co-authors. We have revised the text to convey the uncertainty in the relative roles of solar reduction and enhanced soil moisture in the surface cooling associated with the monsoon onset (lines 682-689 of the revised manuscript). We have also shown the magnitude of the reduction in solar radiation associated with monsoon onset in appendix figure A6. The text now reads (changes shown in orange): 


[image: ]
5. Paragraph beginning on line 688: This seems like unnecessary repetition from the
original discussion of Fig. 7.
Thank you for the suggestion. This discussion was meant to highlight different seasonal shapes that give rise to ASYM. While the discussion of the marine and continental records in Fig. 7A is a reiteration of points already made in the manuscript, we briefly repeat that point in the discussion as a basis of comparison to the temporal shapes that give rise to the ASYM contrast between North America and Europe (which, up to this point, have not been analyzed in the temporal domain). This paragraph was intended to give a visualization of the family of distinctly different seasonal shapes that underly the magnitude of ASYM seen at a global scale. 

6. Line 725: The `we hope' framing is repetitive from the similar framing beginning on
line 714.
Rewritten to remove repetition of framing.
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