Dr. Paul Williams

Editor

Geophysical Research Letters

Dear Dr. Williams, 

We thank you and the three reviewers for helpful comments on our manuscript. Following these comments, we have revised the manuscript. In particular, we made the following three major improvements. 

First, Table 1 is regenerated for August-October (ASO) in Auxiliary Material Table S1, and storm track density anomalies for ASO are plotted in Auxiliary Material Figure S1. Consistent with Table 1, both Table S1 and Figure S1 show that only 1969, 2002 and 2004 are characterized with a greater-than-average frequency of cyclonic activity in the IAS region, whereas 1991 and 1994 are characterized with a lesser-than-average frequency. Coincidently, the Atlantic warm pool (AWP) was significantly larger than average during 1969 and 2004, and significantly smaller than average during 1991 and 1994. By performing multiple sets of ensemble model experiments using the NCAR atmospheric general circulation model, it is demonstrated in the revised manuscript that the increased tropical storm frequency in 1969 and 2004 can be readily explained by a large AWP and the associated vertical wind shear reduction and enhanced moist convective instability in the main development region for Atlantic hurricane, without invoking a remote influence from the tropical Pacific. 

Second, the MDR moist static instability (represented by convective available potential energy or simply CAPE) is added in Table 1 (and Table S1) to show that both the large-scale dynamic (MDR vertical wind shear) and thermodynamic (MDR CAPE) environmental factors were favorable for cyclone inactivity in 1969 and 2004, consistent with a large AWP in those years, and vice versa for 1991 and 1994. 

Third, we performed additional experiments to explore if a large AWP in 1969 and 2004 could be responsible for the reduced MDR vertical wind shear in those years. As summarized in Table 2, the additional experiments are performed by prescribing the evolution of SSTs only in the tropical North Atlantic for 1969 and 2004, while prescribing SSTs outside of the tropical North Atlantic using climatology. The simulated MDR vertical wind shear is decreased in both the 1969 and 2004 cases (Figure 2). In the 2004 case, the simulated increase in the MDR vertical wind shear suggests that the 2004 CPW acted like a typical EPW event. Therefore, based on these controlled model experiments, we concluded that the observed decrease in the MDR vertical wind shear and increased Atlantic cyclone activity in 1969 and 2004 are due to a large AWP, and not due to the CPW. 

Our response to the reviewer’s specific comments is addressed below. 

Sincerely, 

Sang-Ki Lee, Chunzai Wang and David Enfield

------------------------------------------------------------------------------------------------------------

Reviewer #1:

Lee et al. (hereafter, LWE) raise two critiques of Kim et al. (1, hereafter, KWC09): (i) of the 5 CPW years reported in KWC09, only 1969 has significantly greater-than-average TC activity, (ii) the shifting pattern of tropical Pacific SST forcing has no coherent influence on the Atlantic Basin atmospheric circulation. With respect to point (i), LWE use a different region, different periods and different metrics in their comparisons. With respect to point (ii), which they support with model experiments, we obtain different results from our own numerical experiments that show considerable and consistent changes to the Atlantic circulation. Overall, the comments made by LWE are not particularly applicable to KWC09.

(i) Phenomenon, domain, period and metric choice: While KWC09 focused on the comparison between Central Pacific Warming (CPW) and East Pacific Warming (EPW), LWE compare TC activity differences between CPW and climatology. KWC09, in discussing differences in TC number between CPW and EPW, for the interpretation of TC frequency (Figure 2 in KWC09), noted that “There is a clear difference between the number of cyclones forming during EPW and EPC events, as noted earlier (ref), but there is almost as large a difference between the EPW and CPW events. The Accumulated Cyclone Energy also shows the overall cyclone activity is larger in CPW events than EPW events (as shown in supplementary information)” and “We have shown that there are significant differences between the frequency and tracks of cyclones during EPW compared to CPW events”. LWE, on the other hand, compare number of TCs and ACE during CPW compared with climatology (LWE, Table 1) rather than a comparison with EPW. They also discuss the number of hurricanes and major hurricanes which are not mentioned in KWC09 at all.

=>

Reviewer #1 argues that our paper does not address the main issue of KWC09. The major conclusion of KWC09 can be best summarized with the following sentence in the abstract of the original paper: “In contrast to EPW events, CPW episodes are associated with a greater-than-average frequency and increasing landfall potential along the Gulf of Mexico coast and Central America”. We do recognize “In contrast to EPW events” in this sentence. However, we also recognize “greater-than-average” in this sentence. Obviously, this sentence is quite confusing, but we interpreted “greater-than-average” as greater-than-climatology, as will most readers of the article. We also have a good reason to trust our interpretation because in the original paper it is clearly stated “Compared to climatology, track density for CPW increases across the Caribbean, the Gulf of Mexico, and the U.S. east coast” (Page 78, 2nd column, lines 6-10). In summary, as stated both in the main text and in the abstract, this paper argues that CPW is associated with an increased frequency of cyclone activity in the Gulf of Mexico and Caribbean Sea. As we demonstrated in our submitted manuscript, this conclusion is not supported by our independent data-model analysis. Therefore, we are concerned that, if our point is not properly published, the majority of scientists and general readers will start to cite this paper to argue that CPW is associated with an increased frequency of cyclone activity in the Gulf of Mexico and Caribbean Sea, which is not supported by data. 

LWE concentrates on different regions from our study. KWC09 showed above-average track density across the Caribbean, the Gulf of Mexico and the east coast of the U.S. On the other hand, LWE calculate the cyclonic activity in the “Intra America Sea (IAS)” for each of the CPW years,and show only 1969 showing significant positive anomaly. We are confused with the definition of IAS and exactly how the storms are counted. Figure 1 below shows the observed track density anomaly for individual years that LWE deem an ‘insignificant’ increase. It is very clear that 2004 has a large positive anomaly that is even larger than 1969 across the Caribbean, the Gulf of Mexico. Clearly, there is some muddling between the statistics used by LWE and the location of TCs.

We believe that the main reason for the discrepancy between KWC09 and LWE is the large domain that is used for the IAS calculation. The domain (especially the Caribbean, 90ºW-60ºW and 10ºN-20ºN in LWE) includes the regions where KWC09 showed a decreased activity. Further, the LWE computes statistics for the June to November period compared to August to October in KWC09. While the additional 3 months used by LWE are not the active portion if TC season, it confuses the comparison between the two analyses. (ii) Factors changing the large scale circulation: LWE argues that the TC activity in 1969 and 2004 is greatly influenced by the size of the Atlantic warm pool (AWP) and not by the remote SST forcing associated with a CPW. LWE perform numerical experiments in the tropical Pacific by prescribing the SST for two CPW years (1969 and 2004) that show large differences in atmospheric response. One of the CPW years (2004) resembles the pattern of the EPW year. However, absent from LWE are scientific explanations that support their conclusions. In KWC09 it was concluded that the atmospheric response over the Atlantic Basin is related to the shift of the Walker circulation associated with a westward location of the Pacific warming as occurs in a CPW. The impact of such a shifting pattern of topical SST on the change of Walker circulation and its global climate impact have been accepted in other recent studies (2, 3, 4). To understand the results of LWE’s experiments, we compare their simulation with observations. Observations show that the vertical wind shear has been reduced over the MDR both in 1969 and 2004 but this reduction is not replicated in their simulations.

As a further check, we have examined the sensitivity of zonal winds over the Atlantic to SST forcing in the tropical Pacific through series of numerical experiments performed by using the International Centre for Theoretical Physics (ICTP) AGCM (5). A description of the ICTP AGCM, as well as other recent applications, can be found in recent studies (6, 7). In the control run (26 years), the model is forced by fixed monthly varying climatological SSTs. Sensitivity experiments are conducted by superimposing a SST heating anomaly as in KWC09 (Figure 1) on the climatological fields to replicate EPW, CPW and EPC periods. The SST anomalies are prescribed only in the tropical Pacific with climatological SST values used elsewhere. The vertical zonal wind shear anomalies for the three experiments are displayed in Figure 2. The three model experiments generally agree with the observed atmospheric response over the North Atlantic for CPW, EPW and EPC. In particular, the vertical shear anomaly with CPW forcing decreases over the MDR compared to EPW in a manner consistent with KWC09. 

In summary, LWE make comparisons that are not germane to the basic issues listed in KWC09. The comparisons are for a different location using different metrics over uncommon periods. Their experiments do not relate to observations nor to our numerical experiments which are consistent with other studies.

=>

Reviewer #1 states “Observations show that the vertical wind shear has been reduced over the MDR both in 1969 and 2004 but this reduction is not replicated in their simulations”. Reviewer #1 also states “Their experiments do not relate to observations nor to our numerical experiments which are consistent with other studies”. We do understand that the observed MDR vertical wind shear is reduced in both 1969 and 2004 as show in Table 1 and Auxiliary Material Table S1. It is important to realize that our controlled model experiments are not designed to reproduce the observation but to isolate the remote impact of CPW from the local impact of AWP. One of the major points in our paper is that the decreased MDR vertical wind shear and increased Atlantic cyclone activity in 1969 and 2004 are due to a large Atlantic warm pool (AWP). In order to test this hypothesis, we performed numerical model experiments by prescribing the evolution of SSTs only in the tropical Pacific for 1969 and 2004, while prescribing SSTs outside of the tropical Pacific using climatology as summarized in Table 2. The simulated MDR vertical wind shear is slightly increased in the 1969 case and greatly increased in the 2004 case (Figure 1). Again, these controlled model experiments are not designed to reproduce the observation. In the revised manuscript, we also performed another group of experiments by prescribing the evolution of SSTs only in the tropical North Atlantic for 1969 and 2004, while prescribing SSTs outside of the tropical North Atlantic using climatology (Table 2). The simulated MDR vertical wind shear is decreased in both the 1969 and 2004 cases (Figure 2). Therefore, based on these controlled model experiments, we concluded that the observed decrease in the MDR vertical wind shear and increased Atlantic cyclone activity in 1969 and 2004 are due to a large AWP, and not due to the CPW. 

Reviwer #1 also states “We are confused with the definition of IAS and exactly how the storms are counted”. This misunderstanding is quite surprising because we clearly defined our IAS domain in Table 1: “The last column is the number of tropical storms that either form inside or pass through the Gulf of Mexico and Caribbean Sea. This is referred to as Intra Americas Sea (IAS) cyclone activity. The Gulf of Mexico is represented as the box region of 100oW - 80oW and 20oN - 30oN, while the Caribbean Sea is represented as the box region of 90oW - 60oW and 10oN - 20oN”. 

------------------------------------------------------------------------------------------------------------

Reviewer #2:

The authors use analysis of ERSST2 and the HURDAT data set to show that central Pacific warming/El Nino Modoki is not associated with a robust/consistent change in Gulf and Caribbean (IAS) cyclone activity. In particular, the changes in cyclone activity during the 5 CPW years are more tightly coupled with changes in Atlantic basin SSTs. In addition, the authors use CAM experiments to show that CPW warming produces increases wind shear in the MDR, as is the case for canonical El Nino events, which suggests that the influence of CPW events is to decrease storm activity. These findings cast doubt on those of Kim et al. (2009) who found that CPW produced increased IAS cyclone activity.

The findings are worthy of reporting, but it seems to me a few more analyses and experiments are warranted. 

Major Points:

The inclusion of June, July and November does not provide an entirely 'fair' comparison with Kim et al., in particular, for as they show in their Figure 1, the relative effect of CPW v. EPW is reversed in those months versus August-October--i.e. for August-October there are fewer north Atlantic cyclones during an EPW event during a CPW event, whereas for June, July and November the opposite holds (there are more cyclones during an EPW than during a CPW event). A better comparison, considering the authors use different storm indices, would also include an examination of just the main hurricane season August-October (repeat analysis in Table 1 for ASO only). Do your data support the same conclusions for the shorter, main portion of the Atlantic hurricane season? Such analysis would better substantiate the basis of the discrepancy between your findings and those of Kim et al. (i.e. is it due to the different time period analyzed or the different cyclone metrics).
=>

As suggested, Table 1 is now regenerated for ASO in Auxiliary Material Table S1. Additionally, storm track density anomalies for ASO are also presented in Auxiliary Material Figure S1. Consistent with Table1, both Table S1 and Figure S1 show that only 1969, 2002 and 2004 are characterized with a greater-than-average frequency of cyclonic activity in the IAS region, whereas 1991 and 1994 are characterized with a lesser-than-average frequency. The only noticeable change is that in both 2002 and 2004 the IAS cyclone index of 7 is now statistically significant. It is no surprise that the IAS cyclone index (or storm track density in the IAS region) is significantly increased in 1969 and 2004 because the AWP was significantly larger than average, and thus the large-scale environment factors were favorable for increased cyclone activity in those years. However, the increased IAS cyclone index (or increased storm track density in the IAS region) in 2002 is an unusual one because 2002 was in general an inactive year due to the significantly increased MDR vertical wind shear. It is noted in the revised manuscript that, among the five CPW cases, the 2002 CPW may be qualified as the only CPW event relatively uncontaminated by the local impact of AWP. 

It also seems that a second round of modeling tests is warranted in which both tropical Pacific SSTs and tropical Atlantic SSTs are proscribed. This would demonstrate whether the local effect of the Atlantic SST anomalies does effect wind shear as well and counter or override the Pacific effect on wind shear as was varyingly observed in the 5 CPW years. This is part of your stated hypothesis as the driver of cyclone activity during the 5 CPW years. Do the CPW years with warm Atlantic SSTs (1969 and 2004) have reduced vertical wind shear in the MDR when simulated with both tropical Pacific and Atlantic SST forcings?

=> 

We performed additional experiments to explore if a large AWP in 1969 and 2004 could be responsible for the reduced MDR vertical wind shear in those years. As summarized in Table 2, the additional experiments are performed by prescribing the evolution of SSTs only in the tropical North Atlantic for 1969 and 2004, while prescribing SSTs outside of the tropical North Atlantic using climatology. The simulated MDR vertical wind shear is decreased in both the 1969 and 2004 cases (Figure 2). In the 2004 case, the simulated increase in the MDR vertical wind shear suggests that the 2004 CPW acted like a typical EPW event. Therefore, based on these controlled model experiments, we concluded that the observed decrease in the MDR vertical wind shear and increased Atlantic cyclone activity in 1969 and 2004 are due to a large AWP, and not due to the CPW. 

Other points:

Page 2, line 16: I would argue that the mechanism for El Nino suppression of Atlantic basin cyclone activity is not 'well known'. It is known that vertical wind shear increases over the MDR in association with El Nino, but the attribution of this effect to the Walker

circulation is debatable (e.g. see Shaman et al., 2009).
=>

Now, this sentence is revised by replacing “anomalous Walker circulation” with “anomalous atmospheric circulation”. Shaman et al. (2009) is now referenced. 

The writing is at times a bit sloppy and needs to be vetted for grammar and wording.

=> 

We tried to improve the writing in the revised manuscript. 

The DiNezio et al. reference is missing from the Reference list.

=> 

DiNezio et al. (2009) is now included in the reference list. 

------------------------------------------------------------------------------------------------------------

Reviewer #3:

Overall this paper is suitable for publication with minor revisions. The biggest issue not raised is the multi-decadal cycle (e.g. Goldenberg et al 2001) of Atlantic TC activity. It is notable that 2004 and 1969, the years with more enhanced activity, were in the active eras, while 1991 and 1994 were in the less active era. 2002 was a stronger overall El Nino than 04 and 69, which may have led to the quieter conditions that year. However, the author's conclusion of a large warm pool in 04 and 69 contributing to the high activity seems reasonable. Some discussion of the multi-decadal cycle is appropriate though.

=>

The following sentence is used to address that tropical North Atlantic SST can greatly influence cyclone activity at multidecadal time scale: “Earlier studies based on theory, observations and models have consistently shown that local SST in the tropical North Atlantic can greatly influence the cyclone activity because warm (cold) tropical North Atlantic SSTs reduce (increase) the MDR vertical wind shear and increase (decrease) the MDR moist static instability at both interannual and multi-decadal time scales [e.g., Goldenberg et al. 2001; Knight et al., 2006; Wang et al., 2006; Zhang and Delworth, 2006; Vimont and Kossin, 2007; Saunders and Lea, 2008; Wang et al., 2008]”. Goldenberg et al. (2001) is now referenced. 
Another issue is that the figure caption is very difficult to understand and not well-written. Why not just say it is 1969 minus climatology (or whatever it is, EXP_CLM is never defined).

=> 

The sentences regarding model description are now improved. EXP_CLM is now defined. Table 2 is also added to summarize the model experiments. 

Abstract, line 7, change "a" to "significantly"

Line 8-add "probably" in front of "due"
=>

Done.

Page 2, line 12, need to define Nino 3 and Nino 4 areas for the reader (no definition is in the paper anywhere)

=>

Now Nino3 and Nino4 are defined. 

Page 3-it is a little weird that the actual storm numbers are detrended and shown in the Table as detrended as well. Perhaps showing the numbers to the nearest integer of storms hurricanes and major hurricanes makes more sense (for instance, it is just weird to see 0.2 MH in 1994 when zero were observed).

=> 

As suggested here, the storm numbers are all truncated to the nearest integer. 

Page 4, first paragraph-although the number of systems was close to average, the strength of the systems in 2004 was not. This may or may not be relevant to your point, however.

=>

In the revised manuscript, 2004 is now considered as a year of significantly increased storm activity in the Gulf of Mexico and Central America.
Line 10-add "s" to tropical storm

Line 14-change immediately noticed to "notable"

Line 20-add "s" to Saunder
=>

Done. 

Page 5, more discussion is needed here to make sense of Figure 1. For instance, what is EXP_CLIM?

=>

The sentences regarding model description are now improved. EXP_CLM is now defined. Table 2 is also added to summarize the model experiments.
Page 7, line 4-change is to was

Line 11, add s to event
=>

Done.

Figure 1 caption-I don't see any shading on the map that reflects statistical confidence (just shear).

=>

This sentence is now changed to “Only significant values at 95% or above based on a student-t test are shown”. 

