
1 
 

Reply to the Comments of Anonymous Referee #2 1 

[Received and Published: 26 March 2019] 2 

 3 

1.  General comments:  4 
 5 

 Referee’s Comment 6 
 7 

Based a suite of atmospheric and oceanic datasets during the passage of TC Madi, 8 
Chowdhury et al. examined the upper ocean physical-biogeochemical response to the TC, 9 
mostly emphasized the effect of pre-existing cold core eddies underneath the TC. The topic 10 
of TC-ocean interaction in the BoB is interesting and important for TC forecasting. 11 
Generally, the effect of mesoscale eddy on TC-ocean interaction is well known at the present 12 
stage. Due the lack of in situ observations, studies on the Biogeochemical response to a TC is 13 
relatively less and this study may enrich our knowledge on the biogeochemical change 14 
induced by TC passage. 15 
 16 
 17 

Author’s Response  18 

We thank the Reviewer#2 for reviewing the manuscript and for the comments. 19 

 20 

 21 
 Authors’ Changes in Manuscript 22 

 23 
No change in the manuscript in response to this query. 24 

 25 
 26 
 27 

2.  Referee’s General Comment 28 

In the manuscript, I find some conclusions are inaccurate or unclear with not sufficient 29 
evidences, especially on the effect of mesoscale eddies. Therefore, I suggest a major revision 30 
prior publication. I hope the following comments are useful when the authors revise their 31 
manuscript. 32 
 33 
(1) How does cyclonic eddy (also OHC in line 143) affect TC translation speed? The authors 34 
only described the time series of translation speed and position of eddy, but did not clearly 35 
demonstrate the related mechanisms. The authors should supply more evidence to 36 
demonstrate how the eddy modulates steering flow and then affect TC 37 
translation speed. 38 
 39 

 Author’s Response  40 



To address the concern of the reviewer about the effect of mesoscale eddies and to 41 
demonstrate the role of eddies in 42 
used a two-prong approach. First, we calculated the time evolution maps of difference of SST 43 
of 5th December (pre-cyclone SST) from each day starting from 644 
December (See Figure A) to show the large SST cooling in the north (the location of cold 45 
core eddy), which led to the weakening of tropical cyclone Madi. Second, to quantify the role 46 
of eddy in reducing the speed of northward movement of tropical cyclone Madi in the region 47 
of eddy we have calculated the eddy feedback factor following Wu et al. (2007) which is 48 
presented in Figure B. 49 

 50 

Figure A. Time evolution maps of difference of SST of 551 
from each day starting from 6th December to 1452 

 53 

The time evolution of difference in SST showed from 654 
cooling of 2 to2.5oC in the region  affected by the cyclone Madi. A comparison of these maps 55 
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with Fig.3 of the manuscript clearly points that in the northern most region of the cyclone 56 
track, where there a cyclonic eddy was pre-existing; the cooling of SST was 2.5oC, which 57 
was 0.5oC colder than the rest of the region. The excess cooling of 0.5oC noticed in the eddy 58 
region lends support to the notion that the slow translation speed led to the further cooling of 59 
SST, which contributed to the weakening of the cyclone from VSCS to SCS, through 60 
negative feedback. 61 

Note also that after the passage of cyclone Madi, the SLA in the region of cyclonic eddy 62 
changed from -0.1 to -0.2 m. This SLA decrease of 10 cm is a combined 3-diminsional 63 
response of the cyclone Madi induced upward Ekman-pumping along with the cold core eddy 64 
induced eddy-pumping of subsurface waters.  65 

To quantify the eddy’s contribution to the intensity of the cyclone Madi we have calculated 66 
the eddy feedback factor 𝐹ா஽஽௒ି் following Wu et al., (2007) based on the following 67 
equation and presented in Fig.B 68 

𝐹ா஽஽௒ି் = 0.38 (SSTEddy-26oC)2.08(SST-26oC)-1.88 (MLEddy)
0.98 x (ML)-0.97 (𝜂)0.22 (1-RH)-69 

0.74(Γ)0.45 (UH)-0.83 70 

The Table below gives the description of the parameter, its value and unit used for the 71 
computation of eddy feedback factor. The values for the SST, SSTEddy, ML, MLEddy, and Γ 72 
were obtained from the Argo float data, while the translation speed were calculated from 73 
IMD data. 74 

Table I. Value of the parameters, their unit and range used in the calculation of eddy feedback factor. 75 

Parameter Unit Range 
SST-26oC oC 2.2-2.4 
SSTEddy-26oC oC 1-1.2 
Mixed layer Depth (Standard Ocean) (ML) m 20 
Mixed layer Depth (Eddy  Ocean) (MLEddy) m 50 
Storm size (𝜂) 1 1 
Relative Humidity (1-RH) 1 60-90% 
Stratification below the Mixed layer (Γ) oCm-1 0.06 
Translation speed (UH) ms-1 1.63-5.41 
 76 

The eddy feedback factor could be positive or negative; for example 𝐹ா஽஽௒ି = + 0.5,  77 
indicatesan increase in the storm intensity by 50% due to the interaction with the warm ocean 78 
region, while a 𝐹ா஽஽௒ି = − 0.5 indicates a decrease in storm intensity by 50% due to the 79 
interaction with cold ocean region (Wu et al., 2007). 80 

The analysis showed that from 7th to 8th December when the system intensified from CS to 81 
VSCS and was passing through the warm patch associated with warm core eddy (see spatial 82 
maps of OHC at Fig.2 & positive SLA at Fig.3) the eddy feedback factor was positive and 83 
amounted to 59%. Thereafter, when the cyclone passed over the cold patch associated with 84 
cold core eddy during 9th and 10th December, the eddy feedback factor was negative and 85 
69%.  The figure below (Fig. C) pictorially represents the time evolution of the estimated 86 



central pressure (hpa) and maximum sustained surface wind (in knots) of the cyclone Madi 87 
along with eddy feedback factor.88 

 89 

90 

FIGURE B. Time evolution of the estimated central pressure (hpa) 91 
surface wind (knots) (red solid line) of the cyclone Madi92 
positive and negative eddy feedback factor93 
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The present analysis quantifies the contribution of both warm and cold core eddies; when the 95 
cyclone Madi passed over the warm patch the system intensified from CS to VSCS and its 96 
translation speed increased (see Table 1), while when it passed over the 97 
10th the system slowed down and its northward movement was arrested as noted under the 98 
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We will include the above additional information with diagrams in the modified manuscript 112 
at line 187 of the previous version of the manuscript. 113 

 114 

FIGURE C.Time-latitude plot of (left panel) oceanic heat content (J/m2) and (right panel) tropical cyclone heat 115 
potential (KJ/m2) with cyclone track superimposed on it. 116 
 117 

 118 

 119 
 Authors’ Changes in Manuscript 120 

 121 
 122 

Following text will be added to the original ms at line no. 187: 123 

3.2.1 Role of eddy feedback mechanism on cyclone intensity 124 

To quantify the eddy’s contribution to the intensity of the cyclone Madi we have calculated 125 
the eddy feedback factor 𝐹ா஽஽௒  following Wu et al., (2007) based on the following 126 
equation 127 

𝐹ா஽஽௒ି = 0.38 (SSTEddy-26oC)2.08(SST-26oC)-1.88 (MLEddy)
0.98 x (ML)-0.97 (𝜂)0.22 (1-RH)-128 

0.74(Γ)0.45 (UH)-0.83 129 

The Table below gives the description of the parameter, its value and unit used for the 130 
computation of eddy feedback factor. The values for the SST, SSTEddy, ML, MLEddy, and Γ 131 
were obtained from the Argo float data, while the translation speed were calculated from 132 
IMD data. 133 

Table I. Value of the parameters, their unit and range used in the calculation of eddy feedback factor. 134 

Parameter Unit Range 
SST-26oC oC 2.2-2.4 
SSTEddy-26oC oC 1-1.2 



Mixed layer Depth (Standard 
Ocean) (ML) 

m

Mixed layer Depth (Eddy  
Ocean) (MLEddy) 

m

Storm size (𝜂) 1
Relative Humidity (1-RH) 1
Stratification below the Mixed 
layer (Γ) 

o

Translation speed (UH) ms
 135 

The eddy feedback factor could be positive or negative; 136 
increase in the storm intensity by 50% due to the interaction with the warm ocean region, 137 
while a 𝐹ா஽஽௒ି் = − 0.5 indicates a decrease in storm intensity by 50% due to the 138 
interaction with cold ocean region (Wu et al., 2007).139 
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69%.  The Fig.6 also represents the time evolution of the estimated central pressure (hpa) and 145 
maximum sustained surface wind (kt) of the cyclone Madi along with eddy feedback factor146 
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Figure 6 Time evolution of the estimated central pressure (hpa) (blue solid line) and maxim149 
surface wind (kt) (red solid line) of the cyclone Madi. The red and blue horizontal solid arrows denote positive 150 
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The present analysis quantifies the contribution of both warm and cold core eddies; when the 153 
cyclone Madi passed over the warm patch the system intensified from CS to VSCS and its 154 
translation speed increased (see Table 1), while when it passed over the cold patch from 9th to 155 
10th the system slowed down and its northward movement was arrested as noted under the 156 
section 2.3. In summary, we infer that the slowing down of the northward movement of 157 
cyclone Madi and its final arrest was mediated by the presence of oceanic cyclonic eddy.  158 

Following reference will be added to the original ms at line no. 540 159 
 160 
Wu, C.-C., Lee, C-Y., Lin, I.-I.: The effect of the ocean eddy on tropical cyclone intensity, 161 
Journal of the Atmospheric Sciences, 64, 3562-3578, DOI: 10.1175/JAS4051.1, 2007. 162 

 163 
 164 
3.  Referee’s General Comment 165 

 166 

(2) On the effect of mesoscale eddy on TC intensity change. The authors just described the 167 
movement of TC Madi and relative position with respect to the eddies and then concluded the 168 
intensity change of Madi was dominated by the eddies. I do know the authors show OHC 169 
change during the TC passage, but actually the key (oceanic) factor controlling TC intensity 170 
change is SST. At least, the time series of SST like figures 2-4 should be given to substantiate 171 
the eddy effect. Furthermore, the slow TC translation speed may induce large SST cooling 172 
and contribute to the weakening of Madi. 173 
 174 

Author’s Response  175 

We thank the reviewer for the suggestion and based on the suggestion we prepared the time 176 
evolution of SST maps (FIGURE D). We found that presenting the time evolution maps of 177 
difference of SST of 5th December (pre-cyclone SST) from each day starting from 6th 178 
December to 14th December, presented in Figure A under the “Author’s Response to previous 179 
question,   is more effective to bring out clearly the SST cooling . We also showed there that 180 
the translation speed of the tropical cyclone Madi reduced during 9th and 10th when the 181 
system was passing through the region of cold core cyclonic eddy. The excess cooling of 182 
0.5oC noticed in the eddy region lends support to the notion that the slow translation speed 183 
led to the further cooling of SST, which contributed to the weakening of the cyclone from 184 
VSCS to SCS. 185 

As suggested by the reviewer#2, we have prepared the SST maps and presented in Fig. D. 186 



187 

Figure D. Spatial map of Sea surface temperature (188 
with track of the cyclone overlaid. The black filled circles represent the position of the 189 
cyclone on a particular day, while the 190 
 191 
 192 

 Authors’ Changes in Manuscript193 
 194 

Following text will be added to the original ms at line no. 195 

In order to decipher the cooling of sea surface due to the passage of cyclone the 196 
evolution of SST from 4th to 15197 

Spatial map of Sea surface temperature (oC) from 4th (a) to 15th (l) December 2013 
with track of the cyclone overlaid. The black filled circles represent the position of the 
cyclone on a particular day, while the magenta filled circles indicate the track. 

Authors’ Changes in Manuscript 

Following text will be added to the original ms at line no. 177: 

to decipher the cooling of sea surface due to the passage of cyclone the 
5th December was examined. Compared to the pre

8 
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Figure 4. Spatial map of Sea surface temperature (236 
with track of the cyclone overlaid. The black filled circles represent the position of the 237 
cyclone on a particular day, while the magenta filled circles indicate the track.238 
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The Above Figure (Figure 4) will be added to the original ms at line no. 776: 240 
 241 

 242 

4. Referee’s General Comment 243 

(3) On the mechanism of SST and biogeochemical response. The authors concluded 244 
that the SST cooling and Chl a increase was due to eddy-pumping of subsurface waters. 245 
However, there were clear subsurface temperature increase and Cha decrease in the 246 
thermocline in Fig. 11, indicating a non-negligible role of diapycnal mixing. This was 247 
also consistent with results from many previous studies, i.e., the SST change was 248 
mainly due to diapycnal mixing (Price 1981). 249 

 250 

 Author’s Response  251 

We agree with the reviewer that diapycnal mixing is an important mechanism that 252 
redistributes the vertical properties of within the Ocean. The occurrence of subsurface 253 
temperature increase of 0.2 to 0.3oC is discussed under section 3.4 of the manuscript. This is 254 
associated with mild thermal inversion, which is commonly observed in Bay of Bengal in this 255 
time. As per the suggestion of the reviewer we will include the role of diapycnal mixing in 256 
the modified manuscript after line 261. 257 

 258 

 259 
 Authors’ Changes in Manuscript 260 

 261 
Following text will be added to the original ms at line no. 258: 262 
 263 

The occurrence of subsurface thermal inversion is common in the BoB during this time of the 264 
year. Another mechanism that could bring about cooling of SST is the diapycnal mixing 265 
which redistributes the vertical properties within the ocean (see for e.g., Price, 1981). 266 
 267 
 268 

5.   Referee’s Specific Comments 269 
 270 

(1) line 67: the Unisys Weather does not give TC track information right now. Actually, the 271 
TC track information of Unisys Weather is originated from the Joint Typhoon Warning 272 
Center. 273 
 274 

Author’s Response  275 

Thank you for point out this. We will modify and include this in the modified manuscript. 276 

 277 
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 278 
 Authors’ Changes in Manuscript 279 

 280 
Following text will be added to the original ms at line no. 67: 281 

 282 
while the track information was taken from Joint Typhoon Warning Centre (JTWC) 283 
(http://www.usno.navy.mil)  284 
 285 
 286 

6.  Referee’s Specific Comments 287 
 288 

(2) line 80: The temperature profiles should be indicated to calculate OHC. 289 

 290 

 Author’s Response  291 

We clarify that we have not calculated the upper oceanic heat content (OHC), but the data has 292 
been taken from climate forecast system reanalysis (CFSR) of National Centre for 293 
Environmental Prediction (NCEP) climate forecast system (CFS) version 2 294 
(http://www.ncep.noaa.gov) (Saha et a., (2014).The oceanic temperature data used for the 295 
calculation OHC as per equation 3 is from the ocean model GFDL MOM version 4 which is 296 
configured for the global ocean. The horizontal grid resolution of the OHC data in our study 297 
domain is 0.5 x 0.5 degree latitude by longitude. The value of Cp for a sea water salinity of 298 
35 and temperature in the range of 30to 0oC is 4.0 kJ kg-1 K-1 (kindly note that the value 299 
given in the manuscript is 3.87 is not correct and we will rectify it by replace it with 4.0). We 300 
will include this and modify the line 80. 301 
 302 

 303 

 304 
 Authors’ Changes in Manuscript 305 

 306 
Following text will be added to the original ms at line no. 80: 307 

 308 

The oceanic heat content (OHC) in the upper 300m, calculated using the following Eq. (3), 309 
were obtained from the climate forecast system reanalysis (CFSR) of National Centre for 310 
Environmental Prediction (NCEP) climate forecast system version 2 311 
(http://www.ncep.noaa.gov) (Saha et al. 2014). 312 
 313 
 314 

 315 
 316 
7.  Referee’s Specific Comments 317 
 318 
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(3) line 123-124: Most people may be not familiar with the classification of intensity of IMD. 319 
Please give the range of wind speed of different IMD categories or use the more popular 320 
Saffir-Simpson scale. 321 
 322 

 Author’s Response  323 

As suggested by the reviewer we will provide the range of wind speed by adding a new 324 
column in Table 1 325 

 326 
 Authors’ Changes in Manuscript 327 

 328 
Following modification will be done to Table at line 565 of original manuscript: 329 

 330 
 331 

Table 1 Translation speed of the cyclonic disturbance along with its category during the life cycle of 332 
cyclone Madi. L-low pressure, DD-deep depression, CS-cyclonic storm, SCS-severe cyclonic storm, VSCS-333 
very severe cyclonic storm. 334 
 335 

Date Translation Speed 
(m/s) 

Category of Cyclonic 
Disturbance 

Range of wind speed in 
km/h 

06/12/2013  1.63 DD  52-61 

07/12/2013  2.48  CS to SCS  62-87 to 88-117  

08/12/2013  2.81  VSCS  118-221 

09/12/2013  1.96  SCS  88-117 

10/12/2013  2.32  CS  62-87 

11/12/2013  3.44  DD  52-61 

12/12/2013  5.41  L  <31 

 336 
 337 

8.  Referee’s Specific Comments 338 
 339 

(4) line 149 & 150: Compared with the huge OHC of the ocean, the heat uptake by a 340 
TC was very small. The decrease of local OHC may be subject to the advection of TC 341 
induced strong currents. 342 

 Author’s Response  343 

We agree with the reviewer. We will add a couple of sentences to include this aspect after 344 
line 150.  345 

 346 
 347 
 348 

 349 
 Authors’ Changes in Manuscript 350 
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 351 
Following text will be added to the original ms at line no. 150: 352 
 353 

In addition to the heat uptake by the tropical cyclone, the local decrease in OHC may also be 354 
caused by advection of strong currents induced by the tropical cyclone.  355 

 356 
 357 
 358 
9.  Referee’s Specific Comments 359 
 360 

(5) line 189 & 200: To examine the effect of vertical wind shear on TC, people mostly 361 
average the vertical wind shear azimuthally around the TC center, not the spatial map 362 
as in Fig. 5. Relatively, vertical wind shear of 10-15 m/s is not small and may compromise 363 
TC intensification. 364 

 365 

 Author’s Response  366 

We have calculated the vertical wind shear based on following formula (Balaji et al., 2018, 367 
Evan & Camergo 2011) 368 
 369 

Vertical wind shear = ට(𝑈ଶ଴଴௛௉ − 𝑈଼ହ଴௛௉௔)ଶ + (𝑉ଶ଴଴௛௉ 𝑉 ହ଴௛௉௔)
ଶ 370 

 371 
 372 
 373 
Winds at 850 and 200 hpa were used for the calculation of wind shear (Saha et al., 2014) 374 
(http://www.ncep.noaa.gov) by determining the difference in the magnitude of the vertical 375 
wind velocity between 200 and 850 hpa.  376 

Vertical shear is one of the parameters that are examined to see if the atmosphere could 377 
support the formation of a cyclone. For example, a low vertical wind shear is usually 378 
congenial for cyclogenesis. Hence, we have used the time evolution of this parameter to 379 
assess the suitability of the atmosphere in the formation of cyclone Madi. 380 

We will include the above information and modify the lines 87-88. 381 
 382 

We agree that the wind shear of 10-15 m/s is not a small value and hence may impact the 383 
further development of cyclone. We will include the following matter and modify lines 384 
200. 385 
 386 

Where the cyclone Madi was formed the observed shear value was 5m/s, which is very low 387 
and represented a favourable condition for cyclogenesis. Subsequently, when the tropical 388 
cyclone Madi attains its maximum intensity, the shear value was between 5-10m/s. On 10th 389 
December when the intensity of Madi reduced from VSCS to SCS it was moving towards a 390 
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region where shear was very high 10-15m/s. This relatively high value of shear is not 391 
congenial for the further development of the tropical cyclone.  392 

Hence, the slow translation speed of Madi over cyclonic eddy can cause rapid weakening of 393 
tropical cyclone Madi when it stalled over a cyclonic eddy during 10th December. We infer 394 
that the 3-dimensional response of the cyclone Madi in terms of SST cooling was a 395 
significant factor in Madi’s rapid weakening, as also suggested by the eddy feedback factor 396 
which showed that the contribution of cyclonic eddy in reducing the storm intensity was 397 
69%. Further, the relatively strong vertical wind shear would add to negate the strengthening 398 
and further northward movement of cyclone. 399 

 400 
 Authors’ Changes in Manuscript 401 

 402 
Following text will be added to the original ms at line no.88: 403 

We have calculated the difference in the magnitude of the vertical wind velocity between 850 404 
and 200 hpa based on following formula (Balaji et al., 2018; Evan and Camergo, 2011): 405 
 406 

Vertical wind shear = ට(𝑈ଶ଴଴௛௉௔ − 𝑈଼ହ଴௛௉ )ଶ + (𝑉ଶ଴଴௛௉௔ 𝑉 ହ଴௛௉௔)
ଶ 407 

 408 
Winds at 850 and 200 hpa were used for the calculation of wind shear (Saha et al., 2014) 409 
(http://www.ncep.noaa.gov) by determining the difference in the magnitude of the vertical 410 
wind velocity between 200 and 850 hpa.  411 

Following references will be added to the original ms at line no. 387 & 406 412 

Balaji,  M., Chakraborty, A., Mandal, M.: Changes in tropical cyclone activity in north Indian 413 
Ocean during satellite era (1981–2014), International Journal of Climatology, 1–19, 2018. 414 

Evan, A.T., Camargo, S.J.: A climatology of Arabian Sea cyclonic storms, Journal of 415 
Climate, 24, 140-158, 2011. 416 
 417 
Following text will be added to the original ms at line no.200-206: 418 

 419 

At this time the moderate vertical shear (10-15m/s) (Fig.8f), though was not congenial for the 420 
further intensification of the cyclone, the high relative humidity (60-80%) (Fig.9f) was 421 
favourable for its further intensification of at least to sustain its intensity.  Note that the 422 
translation speed of the system showed a decline (Table 1) and the system weakened from 423 
VSCS to SCS.  At this time the system was passing through the low sea level anomaly region 424 
and on 10th December when the system became stationary it was sitting right on the top of the 425 
cold-core of the cyclonic eddy (Fig. 3g). We infer that the 3-dimensional response of the 426 
cyclone Madi in terms of SST cooling was a significant factor in Madi’s rapid weakening, as 427 
also suggested by the eddy feedback factor which showed that the contribution of cyclonic 428 
eddy in reducing the storm intensity was 69%. Further, the relatively strong vertical wind 429 
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shear would add to negate the strengthening and further northward movement of cyclone. 430 
Once the system became stationary the prevailing north-easterly winds were able to reverse 431 
the direction of motion of the cyclone to south-westerly direction, a result consistent with that 432 
of Bhattacharya et al. (2015). 433 

The following text will be added to the original ms at line no.208: 434 
 435 

and moderate vertical wind shear  between 200 and 850 hpa, 436 
 437 

The following text will be added to the original ms at line no.341: 438 
 439 
The reduction in the intensity of the cyclone was mainly due to its interaction with cold-core eddy.  The 440 

combined effect of upwelling due to Ekman-pumping and edd-pumping cools the upper ocean through vertical 441 

transport of sub-surface waters. This along with prevailing moderate wind shear between 200 and 850 hpa 442 

resulted the weakening and arresting of the northward movement of the system. At this stage the background 443 

 444 
 445 

 446 
10.  Referee’s Technical corrections  447 
 448 

(1) line 25: “occurred” should be “ever reported”   449 
 450 

 Author’s response 451 
 452 
 We will correct it to “ever reported” 453 

 454 

 455 
 Authors’ Changes in Manuscript 456 

 457 

The text at line 25 of the original ms will be corrected to “ever reported” 458 
 459 

 460 
 461 
11.   Referee’s Technical corrections 462 
 463 

(2) line 153: delete the first “it” 464 
 465 

 Author’s response 466 
 467 
 We will delete 468 

 469 

 470 
 Authors’ Changes in Manuscript 471 
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 472 

The text at line 153 of the original ms will be corrected by delete first “it” 473 
 474 
 475 
12.   Referee’s Technical corrections 476 
 477 

(3) line 339: delete the second “and” 478 
 479 

 Author’s response 480 
 481 
 We will delete the second “and” in line 339 482 
 483 
 484 

 Authors’ Changes in Manuscript 485 
 486 

The text at line 339 of the original ms will be corrected by delete second “and” 487 
 488 
 489 
13.  Referee’s Technical corrections 490 
 491 

(4) Line 875-883: The line number overlaying the figure legend is confusing. 492 

 Author’s response 493 
 494 
 Thank you for the suggestion. We will rectify this. 495 
 496 
 497 

 Authors’ Changes in Manuscript 498 
 499 

The line numbers overlay with Figure from 875 to 885 in the original ms will be corrected. 500 
 501 


