Reviewer #3

We would like to thank all three reviewers for their time and effort for reviewing our manuscript. Since the comments from reviewer #1 and #3 were very encouraging, we have decided to submit a revised version as a new manuscript. First of all, we would like to thank reviewer #3 for the encouragement and extremely useful comments. The manuscript is now revised substantially based on these comments.

General Comments:

The authors present an analysis of the relationship between the TNI and tornadic activity in the United States.  The positive correlation between the two is interesting, although the index explains only a small part of the total variance.  While disappointing, this is not actually surprising, given that the development of tornadic storms depends on attaining overlap both spatially and temporally between very specific atmospheric conditions: low-level moisture, significant CAPE, large shear (in both the 0-6 km layer and the 0-1 km layer), and low lifting condensation levels.  In addition, this overlap has to occur in the presence of some convective inhibition (CIN) to prevent widespread convection, but not so much CIN that no convection can form, and in an area with a mechanism to initiate convection.  The juxtaposition of these features is a mesoscale problem that cannot be expected to be captured in long-term averages.  The long-term averages can only tell you that these individual conditions exist more often on average and, therefore, their overlap might be expected to also happen more often, but the connection is rather weak given that both spatial and temporal separation is possible even with high averages.  This point should come across more clearly in the manuscript. 
We fully understand and agree with reviewer #3’s point that tornadogenesis is basically a mesoscale problem, and that it requires overlap of very specific local atmospheric conditions. Therefore, we also agree that tornadogenesis is not expected to be adequately captured by large-scale and long-term averaged atmospheric processes. In this study, we simply argue that such overlap of the specific conditions for tornadogenesis may occur more frequently on average during a positive phase of the TNI than during a neutral phase of the TNI. These points are now discussed in section 9 of the revised manuscript.
 In addition, it is not clear that the TNI has any correlation with low-level (0-1 km) shear or low LCLs, as these fields were not shown. The fields shown are relevant for supercells but cannot distinguish between those that are tornadic and those that are not.  All of these facts conspire to create a relatively weak association between TNI and tornadoes.  However, the association is stronger than for some other indices, and at least some physical explanation for this is offered.  Thus, I feel the research is worthy of publication with some changes in explanation.  Although the changes prescribed probably are not too time consuming, I specified major revision because I would like to see the altered draft.
Now, we add a new plot (Figure 19) for low-level shear between 850mb and 1000mb, which roughly represents the 0-1 km shear. As shown in this figure, low-level vertical wind shear in AM is increased over the central and eastern U.S during both the ten most active tornado years and top ten positive TNI years. This is also well simulated in EXP_TNI – EXP_CLM (Figure 19c). Other important factors such as lifting condensation level height and convective inhibition and their associations with TNI will be explored in a future study. These points are now added in section 9 of the revised manuscript.
Major Comments:

1.     Abstract: The terminology "lower-level vertical wind shear" is being used to refer to shear over a layer from 925 mb to 500 mb.  This is not considered low-level shear within the severe storms community, where low-level shear refers to shear in the 0-1 km or 0-3 km layers, so the terminology should be changed.  Shear up to 500 mb is similar to the 0-6 km shear often used to distinguish environments conducive to supercell activity from those that support only ordinary storms or multicellular storms.  Once this deeper-layer shear has established the existence of a supercell regime, the 0-1 km shear and the LCL heights are examined to determine the likelihood of tornadic supercells.  Is it possible to examine 0-1 km shear within the current model?

We greatly appreciate this comment. The terminology “lower-level vertical shear” is now changed to “lower-tropospheric vertical wind shear” throughout the revised manuscript. We also examined the low-level vertical wind shear using wind shear between 850mb and 1000mb, which roughly represents the 0~1 km shear. As shown in Figure 19, low-level vertical wind shear in AM is increased over the central and eastern U.S during both the ten most active tornado years and top ten positive TNI years. This is also well simulated in EXP_TNI – EXP_CLM (Figure 19c). Other important factors such as lifting condensation level height and convective inhibition and their associations with TNI will be explored in a future study. These points are now added in section 9 of the revised manuscript. 

2.     Page 3, Line 1-3: The authors state "Consistently, both the moisture transport from the GoM to the U.S. and the lower-level vertical wind shear in the central and eastern U.S. are positively correlated with U.S. tornado activity in AM."  The correlations do not seem very large.  As mentioned in the general comments, this is probably because there are many days with strong shear but no CAPE or too much CIN.  In other words, the monthly averages could be large without them ever coming together in the right places.  Moisture transport is only part of the recipe for CAPE. . Shear is very localized at times; over what area is it being averaged?  I do not think these large-scale averages capture the mesoscale nature of these events.  Some of these points should be made in the manuscript.

We agree with reviewer #3’s point that large-scale and long-term averaged atmospheric conditions alone cannot capture tornadogenesis, which is a mesoscale process and thus requires overlap of very specific and highly localized atmospheric conditions. Therefore, we also agree that tornadogenesis is not expected to be adequately captured by large-scale and long-term averaged atmospheric processes. In this study, we simply argue that such overlap of the specific conditions for tornadogenesis may occur more frequently on average during a positive phase of the TNI than during a neutral phase of the TNI. These points are now discussed in section 9 of the revised manuscript. The lower-tropospheric vertical wind shear used in Table 1 is averaged over the region of 30oN-40oN and 100oW– 80oW. The GoM-to-U.S. moisture transport used in Table 1 is averaged in the region of 25oN-35oN and 100oW–90oW.
3.     Page 4, Line 9-10: The authors state "the tropical Pacific SST anomalies in AM are better represented by the TNI index than the conventional ENSO indices…" but it is not clear what they mean by "better represented" given that the ENSO indices are a direct measure of the SST anomalies.  I think they must mean "the effects of the tropical SST anomalies in AM are better represented by the TNI index."

According to Tranberth and Stepaniak [2001], the 1st EOF mode of the tropical Pacific SST is very well represented by conventional indices such as Nino3 or Nino3.4. However, they found that the 2nd EOF mode of the tropical Pacific SST is not small and quite significant especially during the ENSO transient period, which usually occurs in March ~ May. Thus, our statement “the tropical Pacific SST anomalies in AM are better represented by the TNI index than the conventional ENSO indices…” is an indirect quotation of Tranberth and Stepaniak [2001]. This statement is now corrected to “the tropical Pacific SST anomalies in AM associated with ENSO are better represented by the TNI index than the conventional ENSO indices…”. 

4.     Page 5, Line 18 and other places: The authors assert that the main influence of the upper-level cyclone over North America is that it advects more cold and dry air to the U.S.  While it is important to have cold air aloft, and that is associated with lower heights aloft, another important influence of the cyclone is the development of steep lapse rates and removal of CIN in the region of strong rising motion downstream from the cyclone (owing to differential vorticity advection).  This rising motion lifts and destabilizes layers.  This is an important part of setting up a good environment for tornadic storms.

We appreciate this very helpful comment. We add this point in section 1 of the revised manuscript. Doswell and Bosart (2001) is referenced. 

5.     Page 8, Line 23: It is stated that a relatively weak anomalous upper-level cyclone is formed in EXP_LAN, but this is an average over many days of a series of cyclones and anticyclones that moved over the area.  Perhaps more precise language is needed to avoid implying that there was a weak cyclone over that area for the entire time period.  Figure 7 may indicate that the cyclones on average had a longer dwell time farther east, so the best lifting (downstream from the cyclone) is not collocated with the regions that typically have the best moisture and shear over this period.

We add a paragraph in section 3 to stress this point: “It is worthwhile to point out that all the composite maps and model results in this study should be understood in a long-term averaged sense. For instance, the anomalous upper-level cyclone over the North America shown in Figure 3a is a long-term average over many days during which a series of cyclones as well as anticyclones passes over the area.”
Minor Comments:

1.     
Page 2, Line 2: I'm not sure if these are the correct official numbers, but they do not match those in the link provided.  Please double check this before publication.

The number of tornadoes and casualties are corrected and an updated website is provided. 

2.     
Page 2, Line 18: add "a" before "conditionally unstable"

Corrected. 
3.     Page 2, Line 20: please change "and" to "and/or" as shear could be associated with a constant wind speed that changes direction with height.
Corrected.
4.     
Page 2, Line 21: Please change "the spinning effect required to form a horizontal vortex tube" to "rotation with respect to a horizontal axis"

Corrected.
5.
Page 3, Line 7: You should probably specify that you are talking about an upper-level cyclone.
Corrected.
6.     
Page 3, Line 8: "bring" should be "brings"
Corrected. 
7.     
Page 3, Line 12: add "flow" after "southeasterly"
Corrected. 
8.     
Page 5, Lines 4-5: Please change "The tornado-days index is on the other hand put little weight" to "The tornado-days index, on the other hand, puts little weight…"
Corrected. 

9.     
Page 5, Line 7: remove "and used"
Corrected. 

10.     
Page 6, line 8: "index" is not needed after TNI given that it is already part of the acronym
Corrected. 

11.     
p. 6, line 13-14: It is said in various places that SSTs indicate "cooling" or "warming," but this terminology seems strange to me.  Cooling or warming implies a rate of change in time, but you are showing SST anomalies at only one time.  These plots seem to indicate "colder than normal" or "warmer than normal" but not "cooling" or "warming."
Throughout the revised manuscript, “cooling” and “warming” are now changed to “colder than normal SSTs” and “warmer than normal SSTs”, respectively. 

12.     
Figure 10 has two "a" panels rather than one "a" and one "b"
Corrected. 

13.     
Page 13, line 15: "Hareld" should be "Harold"
Corrected. 

