Response to Reviewer A

    Thank you for your thoughtful and helpful review of our paper. It has helped us to craft a more precise and readable paper. Below we list your comments (in red) and our responses (in black). 

Major comments:

A) I don't understand why the authors use daily averaged SLP fields for their study (as mentioned on p. 7, last line). Temporally averaging SLP fields eliminates rapidly propagating smaller‐scale SLP extrema (mainly cyclones in the initial phase of their life‐cycle). I don't see the reason why the authors use averaged fields when studying the tracks of cyclones and anticyclones and I suspect that the temporal averaging has implications on the results of their study by producing a bias towards quasi‐stationary features. I strongly suggest that the authors redo their study with 6‐hourly data, since this would render the results much more relevant for previous feature tracking studies, which to the best of my knowledge have all used 6‐hourly data.
We have redone the analysis using ERA 6-hourly, instantaneous SLP data for the period 1979- 2001. The relevant figures have been reproduced below. We subsample the feature tracking output at daily intervals so that the analysis methods and feature densities are directly comparable to the original daily analysis. The results presented here are insensitive to the subsample chosen.  
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Figure 1. Magnitude (hPa, colors) and feature density (contours, features per month) for cyclones (top panels) and anticyclones (bottom panels) defined from the spatially (left panels) and temporally (right panels) filtered ERA 6-hourly SLP fields. The purple boxes represent the low and high latitude north Pacific domains.


The two data sets produce remarkably similar maps of feature density and mean feature magnitude (the colorbar axes are identical to those in the original and revised Figure 3 of the manuscript). The most notable differences from the daily averaged analysis are the reduced mean magnitude and enhanced number of tracked features in the spatially filtered fields (the contour interval of track density has been doubled for the ERA data); we speculate that more small magnitude disturbances are tracked in the 6-hourly data. The key findings of the original manuscript are left unchanged:

1.) The spatially filtered cyclones (anticyclones) are drawn towards the climatological lows (highs) where they are reported to have to have large magnitudes relative to their temporally filtered counterparts in the same region.

2.) This causes the cyclone and anticyclone storm tracks to be spatially separated. In contrast, the cyclone and anticyclone storm tracks are co-located in the temporally filtered data.   
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Figure 2. The difference (hPa) between the SLP average cyclone magnitude and the average anticyclone magnitude (colors) for the spatially filtered (top panel) and temporally filtered (lower panel) ERA 6 hourly data. The contours are the time average spatially filtered ERA SLP field (hPa).


These same points can be seen in plots of the difference between average cyclone magnitude and average anticyclone magnitudes (Figure 2) defined from the 6 hourly ERA data. Again this plot is very similar to the original Figure 4. The cyclone/anticyclone magnitude asymmetry in the spatially filtered feature tracking statistics mimics the time mean spatially filtered field, favoring large magnitude asymmetries in favor of cyclones (anticyclones) over the climatological lows (highs). In contrast, the temporally filtered feature tracking statistics indicate the average cyclone magnitude exceeds the average anticyclone magnitude by a small margin throughout the domain, with the largest magnitude asymmetry occurring in the jet entrance region. The cyclone/anticyclone magnitude asymmetry in the temporally filtered fields seems slightly reduced in the 6-hourly data as compared to the original analysis with the daily data.
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Figure 3. Feature magnitude histograms for cyclones (thick lines) and anticyclones (thin lines) identified in the spatially (solid lines) and temporally (dashed lines) filtered fields. The top, middle, and bottom panels are for features identified in the high, middle, and low latitude North Pacific defined within the original text. Each distribution bin spans 3 hPa of feature magnitude. The black dots represent the cutoff storm magnitude for the 100 largest magnitude features in each distribution.  


We have added a middle panel to the revised Figure 5, showing that the magnitude distribution of cyclones and anticyclones is very similar in the mid-latitude Pacific where the time mean spatially filtered field is fairly neutral. The magnitude histograms for all three regions defined from the 6-hourly data (Figure 3) agree well with the original and revised Figure 5; all the points made in the original and revised manuscript are unchanged in the 6-hourly analysis.   
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Figure 4. ERA 6-hourly SLP high latitude north Pacific composite maps of tracked features for the spatially (top panels) and temporally (bottom panels) filtered cyclones (left panels) and highs (right panels) in hPa departure from climatology. The zonal and meridional distances are in degrees relative to the features’ location. 


Composite maps of the 100 largest magnitude features of each type (cyclone/anticyclones defined from the feature tracking in the spatially/temporally filtered fields) in the north Pacific region from the 6-hourly data are shown in Figure 4. The composite maps of both cyclones and anticyclones indicate that the features are smaller magnitude than their counterparts defined in the daily averaged data (original and revised Figure 6, the countour interval is reduced by a factor of 2/3 in the ERA composite). We speculate that this is due to more variability in the spatial structure of the instantaneous fields (the standard deviation of the composite is larger in the 6 hourly composite) though the differences are beyond the scope of this work. The qualitative conclusion of the original analysis that the large cyclone/anticyclone magnitude asymmetry identified in the spatially filtered tracking statistics is a manifestation of the filtering procedure and not inherent in the raw data still holds in the 6-hourly data; though the cyclone composite is deeper than the anticyclone composite, the magnitude asymmetry is fairly modest and does not support the feature tracking statistics defined by the spatially filtered fields in this region (Figure 3, top panel).
[image: image5.png]o

o

CYCLONES

ANTICYCLONES

Meridional Distance (Degrees)
(=]

[ =)

n

o

-50 0 50
Zonal Distance (Degrees)

Meridional Distance (Degrees)
(=]

-50 0 50
Zonal Distance (Degrees)

o

o

Meridional Distance (Degrees)
(=]

-50 0 50

Zonal Distance (Degrees)

(S =)

n

o

Meridional Distance (Degrees)
(=]

-50 0 50
Zonal Distance (Degrees)

20

-10




Figure 5. Same as Figure 4, except for the low-latitude Pacific region.

The composite map of disturbances in the low latitude Pacific defined from the 6-hourly data (Figure 5) is very similar to the same maps defined from the daily averaged data (original and revised Figure 7). All the points made in the original and revised manuscript hold for the 6-hourly data in this region.


We believe that all the key points discussed in the original and revised manuscript hold in the 6-hourly data. This result seems logical given that the spectra of SLP variability are very red, with a small portion of variance at frequencies greater than .5 day. We have added a brief discussion of the comparison to 6-hourly data in Section 2 of the revised manuscript.
B) More care would be appropriate with proofreading the manuscript before submission. For instance:

‐ p. 3 line 3: Koppen should read K√∂ppen
Changed to Kӧppen (I think the reviewers comments did not import into pdf format properly). 
‐ p. 3 line 9: Lagrangrian should read Lagrangian

The use of Lagrangian to describe feature tracking has been omitted throughout the text. The word Lagrangian is most commonly used to describe fluid flow following a fluid parcel and it has been suggested to us that using Lagrangian to refer to following a synoptic system is a misuse of the word.   
‐ p. 3 line ‐8: Hoskins and Hodges (2001) is not in list of references
The citation has been added. The publication year is 2002 and this has been corrected throughout.
‐ p. 3 line ‐5: complimentary should read complementary

Corrected.
‐ p. 3 line ‐3: Carse should read Carse and Serreze

Corrected.
‐p. 4 line 13 and in many places throughout the paper: "the affects" should read "the effects"
Corrected, here and throughout.
‐ p. 5 line ‐7: "SLP" should be defined when used the first time on p. 4
SLP is defined in the abstract of the original and revised manuscript.
‐ p. 5 last line: Andersen et al.: 2002 or 2003? Only 2003 paper is in

list of references
2003 is the proper citation year. This has been corrected throughout.
‐ p. 6 line 13: preformed should read performed
Corrected

‐ p. 6 line ‐2: probably "magnitude OF THE asymmetry ..."

Magnitude asymmetry is used throughout the text and here to refer to the asymmetry of magnitude between cyclones and anticyclones. 
‐ p. 7 line 14: "an skew ..." should read "a skew ..."
Corrected.

‐ p. 9 line 11 and throughout the paper: "Figure X" should read "Fig. X"

There are no instances of  “Figure X” in the submitted document or the rendered PDF. Our apologies if the copy you received had this error.  
‐ p. 10 line ‐2: no "a" between into and upper

Corrected.
‐ p. 12 line 9 and in many places throughout the paper: "later" should

read "latter"
Corrected, here and throughout.
‐ p. 12 line ‐4: "field time mean field"??

Corrected to read “time mean field”.

‐ p. 16 line 5: "Staurt" should read "Stuart et al."
Corrected.
‐ p. 20 line 12: "in favor OF anticyclones"(?)
Corrected.
‐ p. 23 footnote: "preformed" should read "performed"
Corrected.
‐ p. 26 line 9: "Otto‐Bliesner" should read "Otto‐Bliesner et al."
Corrected.
‐ p. 26 line 11: "similar to same field"??
Corrected to read “similar to THE same field”.
‐ references should be in alphabetic order!
Corrected.
‐ p. 29 line 3: "mB" should read "mb"

Corrected.
‐ p. 29 line 8: NAG should probably read NAO

Corrected to NAO.
‐ p. 30 line 5: Koppen should read K√∂ppen, and "nordatlitischen" should

read "nordatlantischen"

Corrected.
‐ p. 31 line 6: persspective should read perspective
Corrected.

‐ p. 32 line 10: Luthi should read L√ºthi

Corrected.
C) The paper is rather verbose in some places and I think that the writing could be streamlined by a few pages without loosing the essence of the study. A few suggestions: p. 7: it is not necessary to already here mention the findings of the study; again in the middle of p. 12 you mention results that will be presented later; p. 23 and

in another place:
The intention of foreshadowing the results is to provide the reader a roadmap of our arguments; in particular, we wish to convey how the Eulerian statistics (and how those statistics are affected by the spatial and temporal filters) essentially determine the biases in the feature tracking statistics. 
 it is not necessary to mention footnote 3 several times before it actually occurs; footnote 3 (p. 24): here I was lost and could no longer follow the (technical) argumentation. Can you make this part of the analysis more transparent for the reader?

We have omitted the two references to footnote 3. Hopefully this streamlines and clarifies the argument presented.
Minor comments:

‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
1) p. 2 (abstract): not really clear what you mean by "input data".
Input has been replaced with unfiltered.
2) p. 5 line ‐2: you write that a background state is "commonly" removed prior to application of the tracking algorithm. I might be wrong, but I thought that only the Hodges et al. group apply a filter before using the tracking algorithm. Maybe "sometimes" or "in several recent studies" would be more appropriate than "commonly".
We have replaced “commonly” by “several recent studies”. 
3) p. 9 line 10: "smaller scale than one over wavenumber 5": can you express this in a different way?
Your point that this terminology is not commonly used is well taken. However, choosing a spatial scale to refer to the planetary wavenumber cutoff is difficult because wavenumber 5 modes have a myriad of different meridional and zonal structures, making it difficult to pick a single spatial scale. While the language may be verbose, it is technically accurate. 
4) p. 9 line ‐9: what means "reflecting the N.H. about the equator"?
Spherical harmonic transforms must be performed on a global domain. We circumvent this problem while limiting our analysis to the NH by mirror imaging the data at each time and longitude about the equator (i.e. the data value at 30N is replicated at 30S). 
5) Title and p. 12 line ‐10: the issue of "truth": I would be less confident of calling my results "the truth". Science may evolve and lead to refinements of knowledge that has long be regarded as "true". You might want to use a more subtle formulation.
“True” has been replaced by physical in the text. It has been omitted from the revised title.
6) p. 13 line 8: Do you use the same feature density as Hoskins and Hodges? If yes: please mention; if not: please specify the differences.
The feature density is conceptually equivalent to Hoskins and Hodges’ definition but we adopt a different normalization. The normalization is discussed in the original and revised manuscript.
7) Beginning of section 3: It might be worth mentioning that Wernli and Schwierz (2006) speculated about the effect of the spatial filtering technique on cyclone track statistics, in particular in the Gulf of Alaska area:

"It is also interesting to qualitatively compare the genesis density for lysis in the Gulf of Alaska (HH02, Fig.~7b) with our corresponding relative cyclone frequency field (Fig.~9c). It seems that there are less long‐distance tracks from the western Pacific in the

HH02 analysis. This might be due to the removal of the planetary scales which have a SLP minimum in the central Pacific (HH02, Fig.~2c)."
Our interpretation of Wernli and Schwierz is that they are speculating HH02 get fewer cyclones tracking across the North Pacific because HH remove part of the climatological SLP minimum in this region. This differs from our claim that failure to remove the entirety of the climatological mean field results in more (and more intense) cyclones being identified over the North Pacific. It seems that the two claims are a direct contrast to one another. 

We interpret the apparent discrepancy between the two sets of figures as follows: Because the filtered field in HH02 retains a climatology with a larger magnitude (negative) than the tracking threshold value, any local minimum that tracks over the North Pacific is identified as a cyclone. Many of these system will fall below the threshold magnitude upon leaving the climatological low, thus leading to a large lysis in the Gulf of Alaska. Our speculation is that the apparent lack of systems that track across the entire Pacific in HH02 (as compared to Wernli and Schwierz) is not actually a reflection of fewer storms tracking long distances in HH02 but, rather, an incredibly large number of short lived systems being identified in the Aleutian low. Unfortunately, the normalization used in Wernli and Schwierz (percentages as opposed to absolute number) does not allow us to assess this speculation.        
8) p. 22 line 7: what do you mean by "these physics"?
We have replaced “these physics” by “cyclone/anticyclone magnitude asymmetries”.
