
We would like to thank the reviewer for the assessment of our manuscript and for the 

recommendations for improvements. Responses to the comments and the proposed 

revisions to the manuscript are included below. 

Main Comment #1 

In this paper, the authors emphasize the role of westerly wind anomalies, particularly 

those in January 2021 and the frequent, long-lived westerly wind bursts (WWBs) from 

2021-2022, in sustaining the multi-year nIOD event of 2021-2022. However, based on 

Figure 2, it seems that other nIOD events also exhibit periods of strong or frequent 

westerly wind activity before or during the events. 

a) Are the WWBs during 2021-2022 significantly stronger, longer-lasting, or more 

frequent than those in other nIOD events? A more quantitative comparison on winds 

between the 2021-2022 event and other nIOD events would help support the claim 

that the WWB occurrence in 2021-2022 is unusual. 

Response:  

To quantitatively assess the westerly anomalies associated with negative IOD events, 

we have counted the number of days in each month/3-month rolling aggregate when 

the westerly anomaly was greater than 2 m s-1. The same is shown below as Figure 

R1. For the nIOD events of 1996, 2005, and 2010, the westerly anomalies are 

dominant towards the end of boreal summer (JAS, ASO). Some nIOD events develop 

early in the summer (such as 2016, 1998) and are associated with an early initiation 

of westerly anomalies in the equatorial Indian Ocean (EIO; Lu et al., 2016). Unlike all 

such events, the 2021-22 event has strong and persistent westerly anomalies in the 

equatorial Indian Ocean from OND 2020 onwards, and there are only 3 months 

between October 2020 and December 2022 where no such westerly anomalies occur. 

Also, Figure 3a quantifies that 2021 and 2022 had a record number and duration of 

WWBs. These two figures support our arguments about the role of persistent 

westerly anomalies and WWBs in sustaining the event.  

Since, in our opinion, Figures 1, 2, and 3a highlight most of these aspects, we would 

like the reviewer's suggestion about whether to include one or the other panel of 

Figure R1 in the main manuscript. 

https://link.springer.com/article/10.1007/s00382-017-3908-2#Fig2


 

Figure R1: The count of the number of days in (a) a month, and (b) 3-month rolling 

aggregate when the westerly wind anomaly averaged over the equatorial Indian 

Ocean (5°S-5°N, 60°E-90°E) was greater than 2 m s-1. The wind anomalies for the 

previous two years are indicated by Year -2 and Year -1 on the x-axis. 

b) How do we understand nIOD events that developed following strong easterly 

winds, as seen in late 1997, for example. 

Response: The development of nIOD conditions is dependent on, amongst other 

factors, the timing and magnitude of the evolution of zonal westerly wind anomalies 

over the equatorial Indian Ocean. Prior to the development of nIOD conditions during 

1998, there was an anomalous accumulation of subsurface oceanic heat content in 

the western tropical Indian Ocean due to the pIOD during 1997. A WWB event in the 

equatorial Indian Ocean during May 1998 caused the initiation of nIOD conditions 

during 1998 (Lim and Hendon, 2017). Westerly wind activity was pronounced from 

May to December for the 2016 nIOD event, which caused its early initiation during 

summer. Therefore, the timing and persistence of westerly wind anomalies in the 

equatorial Indian Ocean are important in determining the evolution of nIOD 

conditions. For the 2021-2022 case, the westerlies persisted during the preceding 

year as well (Figure 2). This preconditioned the Indian Ocean and sustained the nIOD 

event for a long duration. 

c) This also relates to point (a). In line 130, the statement "each nIOD event has a 

unique evolution of zonal winds" suggests that wind patterns prior to nIOD events 

vary significantly. Does this imply that every nIOD event has a distinct formation 

mechanism? I think it would be helpful to clarify whether the 2021-2022 nIOD is a rare 

case due to specific conditions like long-lasting westerly wind bursts and Wyrtki Jets, 

or that nIOD events in general do not follow a common formation mechanism. 



Response: We wish to stress here that it is the timing and persistence of anomalous 

westerlies and WWBs, and their relation to ENSO conditions and evolution, that 

govern the evolution of nIOD conditions and can be unique for each event. For 

instance, as mentioned in response to (b) above, the 2016 event peaked during the 

boreal summer rather than fall due to early initiation of westerly anomalies in the 

equatorial Indian Ocean during May itself. Therefore, even though some events can 

have unique drivers (For e.g., the anomalous build-up of ocean heat content in the 

western Indian Ocean for the 1998 case mentioned in response to (b) above), the 

events do follow some common formation mechanisms in terms of the response to 

anomalous westerlies, WWBs, and Wyrtki jets. Therefore, we propose to rewrite lines 

130-132 as: 

“For most nIOD events, strong westerly wind anomalies are generally favored from 

mid-summer (July-August), persisting till the end of the year. However, the timing of 

the occurrence of anomalous westerlies in the TIO can impact the evolution of nIOD 

events. The 2016 event, for example, peaked during boreal summer due to the early 

initiation of anomalous westerlies (Lu et al., 2018). The 1998 nIOD was associated with 

a build-up of anomalous heat content in the western TIO, and a WWB event during 

May in the equatorial Indian Ocean caused the early initiation of nIOD. Also, the 

abrupt transition from the 1997 El Niño to a La Niña state during May 1998 

(McPhaden, 1999) could have aided the nIOD event. Therefore, it is important to 

assess the evolution of zonal winds in TIO for the 2021-2022 event.” 

Main Comment #2 

Lines 178–234 describe the proposed mechanisms and processes in detail, but some 

parts would benefit from clearer explanation or stronger supporting evidence. 

For example, in lines 184-186, the statement that "this unusual occurrence of the WJ 

in January 2021 was due to the formation of a low-pressure system off the coast of 

Sri Lanka. This system led to widespread extreme rainfall over parts of Southern 

India" is interesting, but there is little evidence presented for the low-pressure system 

and its link to the WJ and rainfall. 

Response: The details of the extreme rainfall event over Peninsular India are 

discussed in detail in the severe weather bulletin issued by the India Meteorological 

Department (India Meteorological Department, 2021) and is cited at line 187. A 

cyclonic circulation formed over peninsular India and Sri Lanka during 11-15 January 

2021 and moved westwards. The rainfall stations in the peninsular Indian state of 

Tamil Nadu recorded extremely heavy to heavy rainfall associated with this system. 

Under the influence of this cyclonic circulation, strong westerly wind anomalies set 

up to the south of this system, over the equatorial Indian Ocean. The low-level 

circulation and the OLR anomalies for the WWB event 1 are shown in Figure R2. 



 

Figure R2: The OLR and 850 hPa wind anomalies for 13-01-2021. 

We propose to rewrite lines 184-187 as follows: 

“A cyclonic circulation formed over peninsular India and Sri Lanka during 11-15 

January 2021 and moved westwards. The rainfall stations in the peninsular Indian 

state of Tamil Nadu recorded extremely heavy to heavy rainfall associated with this 

system (India Meteorological Department, 2021). Under the influence of this cyclonic 

circulation, strong westerly wind anomalies set up to the south of this system, over 

the equatorial Indian Ocean (figure not shown), and ultimately led to the unusual 

occurrence of the WWB on 13th January 2021.” 

Similarly, in lines 207-208, the claim that "the weakening of climatological south-

easterlies along the Java-Sumatra coast during boreal summer reduced the 

evaporative cooling and maintained the positive SST anomaly" seems a bit 

speculative without enough supporting analysis. I would recommend either providing 

additional evidence or softening the language. 

Response: Figure R3 below shows that the latent heat flux anomaly over the IOD east 

pole region during JJA 2021 and 2022 was negative, along with the associated 

weakening of climatological south-easterlies along the Java-Sumatra coast. This is 

indicative of reduced evaporative cooling. Also, annual upwelling along the Java-

Sumatra coast occurs from June to October (Susanto et al., 2001). The weakened 

south-easterlies over this region likely indicated reduced upwelling, which can 

maintain positive SST anomalies over the IOD east pole. The reduced upwelling is 

discussed in detail in Section 3.3. We propose rewording 207-208 as: 



“The associated weakening of climatological south-easterlies along the Java-Sumatra 

coast during boreal summer reduced the evaporative cooling through the wind-

evaporation-SST feedback (as indicated by latent heat flux anomaly, figure not 

shown), and suppressed upwelling (discussed in detail in Section 3.3) and maintained 

the positive SST anomaly. Thus, the negative IOD conditions were maintained during 

the boreal summer of 2021.” 

 

 

Figure R3: The anomalous JJA mean low-level circulation at 850 hPa and the latent heat 
flux anomalies for the years 2021 and 2022. A positive anomaly indicates reduced 
evaporative cooling. 

Minor Comments 

Lines 24-29: 

a) This sentence seems to imply that negative IOD events correspond to drier 

conditions in Indonesia and Australia. However, these regions typically experience 

*increased* rainfall during negative IOD events. I suggest revising this part for clarity. 

b) The impacts of IOD events on Sri Lanka, South China, and Brazil are not clearly 

described. It would be helpful to be more specific about the impacts on these regions. 

Response: We propose rewriting this for clarity as below: 

"Anomalously warm SST in the eastern Indian Ocean, along with cooler SSTs in the 

western Indian Ocean, characterize a negative Indian Ocean Dipole (nIOD) event. 

Such events are known to suppress the Indian Summer Monsoon Rainfall (ISMR; 

Ajayamohan et al., 2008, 2009; Ajayamohan & Rao, 2008; Ashok et al., 2001; 

Cherchi et al., 2007; Cherchi & Navarra, 2013; Krishnan et al., 2011; Ratna et al., 

2021). nIOD events can also lead to severe droughts during the short rainy season 

in East Africa (Black et al., 2003; Endris et al., 2019; Manatsa & Behera, 2014), and 

enhance rainfall in Indonesia (Nur'utami & Hidayat, 2016) and Australia (Cai et al., 

2009). pIOD events enhance the Maha rainfall in Sri Lanka (Zubair et al., 2003), 



produce dipolar rainfall anomalies over Brazil, and enhance rainfall over South 

China (Bazo et al., 2013; Chan et al., 2008; Qiu et al., 2014; Taschetto & Ambrizzi, 

2012)." 

Lines 31-33: 

a) Are the anomalies computed relative to a climatology? Please specify. 

b) How is the standard deviation calculated for standardizing the DMI? Which baseline 

period is used for this? 

c) Include references describing the method for computing the DMI. 

Response: 

The anomalies are computed with respect to the 1960-2022 climatology, and the 

standard deviation of the calculated index for 1960-2022 is used to standardize the 

index. The reference for calculating DMI is now included (Saji et al., 1999). We propose 

the following modification to the text: 

"IOD conditions in the Indian Ocean are quantified using the dipole mode index (DMI; 

Saji et al., 1999), which is defined as the difference in area-averaged SST anomalies 

over western (50°E-70°E, 10°S-10°N) and eastern Indian Ocean (90°E-110°E, 10°S-

Equator), normalized by its standard deviation. SST anomalies are calculated with 

respect to the 1960-2022 climatology in this study and are detrended. The indices 

hence calculated are normalized by the standard deviation of the time-series for 

1960-2022." 

Lines 37-39: Please specify what is meant by "never been associated with other nIOD 

events" 

Response: We propose rewriting this as below: 

"Such persistent nIOD conditions, lasting for about 19 months during 2021-2022, 

have not been observed in association with any other nIOD event in the observational 

record since 1960 (since when reliable Indian Ocean observations became available, 

Fig. 1d)." 

Line 58: 2021 was a normal monsoon year (99% of LPA) 

Response: This will be corrected as suggested: "2021 was a normal monsoon year 

(99% of LPA)." 

Lines 60-61: 



a) How about the modulation of the Walker Circulation? 

b) Include references that discuss the role of the local Hadley Circulation and/or 

Walker Circulation. 

Response:  

(a & b) We propose adding the following discussions and references: 

“IOD events are closely related to the ENSO state, with the relation between nIOD and 

La-Nina being much stronger compared to that between El-Nino and pIOD (Ashok et 

al., 2001; Saji and Yamagata, 2003). The lack of a large positive rainfall anomaly in 

these years could have been caused by the compensating effect of the nIOD 

conditions. Two competing processes might have co-existed: (i) The La-Nina 

associated enhancement of zonal Walker circulation, which tends to enhance rainfall 

over India by promoting convection over Indian longitudes, and (ii) anomalously 

warm SST in the IOD east pole can suppress the convection over India by the 

modulation of the local Hadley circulation. nIOD events are also associated with a 

strengthened Indian Ocean Walker Circulation, with enhanced convection over the 

eastern TIO (Lu et al., 2018).” 

Lines 72-73: Clarify what specific "anomalous changes" are being referred to here. 

Response: Proposed to be reworded to “anomalous changes to the volume transport 

of these jets” 

Line 74: The question introduced here feels abrupt and disconnected from the 

following paragraph. It may not be necessary in my view, however, if you choose to 

keep it, consider adding how the previous studies have examined this question 

and/or if it will be addressed in this work. 

Response: Since we do dwell upon the impact of La-Nina state on the nIOD, we 

propose to rewrite it and move it to the end of the paragraph: 

“The 2021-22 nIOD event was, therefore, unique in several aspects: (1) It was the 

strongest nIOD event recorded to date. (2) It peaked during the boreal summer of 

2022. (3) nIOD conditions were sustained for a record 19 months, making it the first 

occurrence of a multi-year nIOD event. (4) This event co-occurred with a triple-dip La 

Niña event. Did the triple-dip La Niña of 2020-2022 help in sustaining the nIOD 

conditions? This study will attempt to answer this question. 

Figure 1: 

a) I assume the different colors for NIOD, PIOD, and Neutral are based on standard 

deviation thresholds. Please clarify the criteria used. 



b) What do the orange bars in Figure 1b represent? 

Response: 

(a) Yes, the IOD events selected here are based on whether the DMI index was 

more or less than 1 standard deviation. The caption for Figure 1 and the 

discussion at line 120 will be modified to reflect this.  

“…….for all the nIOD events since 1980 (nIOD events are defined based on 

whether the normalized DMI was less than -1 standard deviation).” 

“Figure 1: (a) The September-November (SON) mean DMI index, and the IOD 

east and west poles, for the period 1960-2022 based on ERSST dataset. IOD 

events are categorized as negative (positive) based on whether the normalized 

DMI was less than (greater than) -1 (+1) standard deviation. (b)……….” 

(b) The orange bars in Fig. 1b were inadvertent, will be removed. 

 

Lines 75-77: Phrases like "the strongest recorded to date" and "the first occurrence of 

a multi-year nIOD" are quite strong. Please be specific, for example, clarify the time 

period (e.g., since when) these statements refer to. 

Response: We propose to reword this to: 

“It was the strongest nIOD event recorded during 1960-2022.” & “the first occurrence 

of a multi-year nIOD event during 1960-2022” 

Line 127: zonal-mean? 

Response: Will be corrected to “Evolution of the equatorial 10m zonal mean wind 

anomalies”. 

Lines 158-161: This paragraph describes what is shown in Figures 4 and 5, and may 

be more appropriate for the figure captions. Consider moving the detailed 

descriptions (e.g., event numbers) to the captions and using the main text to focus 

more on interpretation or analysis. 

Response: Lines 158-161 will be moved to figure captions. Only the last line will be 

retained – “The succeeding discussion is arranged around the event numbers as 

shown in Figs. 4 and 5.” 

Line 169: The abbreviation "AVISO" is not defined before. Is this the same SLA product 

available from the Copernicus Marine Service website? 



Response: Yes, it is the same. Figure 4d caption will be reworded to “the observed 

Altimeter satellite gridded Sea Level Anomaly (SLA) level 4 data obtained from the 

Copernicus Marine Service website.” 

Line 173: The abbreviation "OSCAR" is not defined before. 

Response: Thanks for pointing these out. The currents shown in Figure 4 and 5 are 

from OSCAR (Ocean Surface Current Analysis Real-time) third degree dataset (DOI: 

10.5067/OSCAR-03D01). Section 2, Data and Methods, and Figure 4 caption will be 

modified to reflect this: 

“The ocean temperature profiles (pentad) are obtained from the National Centers for 

Environmental Prediction (NCEP) Global Ocean Data Assimilation System (GODAS; 

Behringer et al., 1998), and the depth of the 20 °C isotherm is computed from it. 

OSCAR (Ocean Surface Current Analysis Real-time, DOI:  10.5067/OSCAR-03D01) 

dataset provides near-surface ocean current estimates on a 1/3-degree grid with a 5-

day resolution.” 

Figure 10: Include the units for both the vectors and shadings. 

Response: To be included in the figure caption as “The units are meters per second 

for the zonal component and Pascals per second for the vertical velocity.” 
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