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Reply to the Comments of Anonymous Referee #1    1 

[Received and Published: 31 January 2019] 2 

 3 

1.  General comments:  4 
 5 

 Referee’s Comment 6 

This paper studies the upper ocean physical and biogeochemical response to Cyclone Madi 7 
(2013) in the Bay of Bengal from the analysis of multiple atmospheric and oceanic data. The 8 
topic is interesting. My understanding is that there are many studies regarding the topic: the 9 
upper ocean physical and biogeochemical response to cyclones. Some of the studies have 10 
been referenced in this manuscript. Therefore, my concern is the novelty of this paper. 11 
 12 

 Author’s Response  13 

In this paper we not only bring out the cyclone-induced physical and biogeochemical 14 
response of the surface ocean using a suite of  remote sensing data, we document the time-15 
evolving depth-dependent temperature and chlorophyll response of the upper ocean to 16 
tropical cyclone, which is the novelty of this paper.  17 
 18 
We have used two Argo float data (WMO ID 2901288, 2901629) for temperature profiles 19 
that were in the vicinity of Track 2 and one Bio-Argo float (WMO ID 2902086) for 20 
chlorophyll profiles that was to the right of Track 1.  21 
 22 
Another novelty is that the enhancement of Chl-a and net primary productivity by cyclone 23 
Madi is much greater compared with previous cyclones that occurred in the BoB. We show 24 
that this is the combined impact of cyclone and oceanic cyclonic eddy. This is significant 25 
because BoB is known for its low upper ocean Chl-a and primary productivity. 26 
 27 

 Authors’ Changes in Manuscript 28 
 29 

Following text will be added to the original ms at line 357: 30 
 31 
The time-evolving depth-dependent temperature and chlorophyll response of the upper ocean 32 
to tropical cyclone and greater enhancement of Chl-a and net primary productivity by cyclone 33 
Madi compared with previous cyclones that occurred in the BoB are the novelty of this paper.  34 

 35 
2.  Referee’s Comment 36 

 37 
There are a few discussion points on this study. 38 
 39 
1) I don’t agree with the conclusion that “oceanic eddies affect the translation speed of 40 
Madi”. This study lacks discussions on what factors do affect the movement of cyclones. In 41 
addition, there is no information regarding the atmospheric steering flow and wave-1 42 
asymmetry of the inner core structure that is very important in understanding the movement 43 
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of storms, although the authors showed the horizontal distributions of 500-hPa winds in Fig. 44 
6. There is a cause-result confusion on the authors’ conclusion that the motion of the cyclone 45 
is mainly controlled by cold eddy when the cyclone stagnated over the cold eddy without any 46 
considerations of the variation of environmental steering flow. 47 
 48 

 Author’s Response  49 

To address the concern of the reviewer, especially the role of atmospheric steering, we wish 50 
to clarify this point with the help of additional computations and figures.  51 
 52 
Environmental conditions that are necessary for the formation of tropical cyclones are (1) 53 
SST in excess of 26.5oC, (2) low level wind convergence, (3) high relative vorticity, (4) weak 54 
vertical wind shear, and (5) high relative humidity. 55 
 56 
Once formed cyclones generally move in a westerly/north-westerly direction due to the 57 
advection of potential vorticity field by storm circulation. In simple case, the background 58 
potential vorticity gradient is simply the meridional gradient of the Coriolis parameter (𝑓) 59 

where 𝑓 = 2Ω sin 𝛷 and Φ varies with the latitude, beta (𝛽 =
డ௙

డ௬
). The Beta drift generally 60 

causes the tropical cyclone to move poleward and westward relative to the motion they would 61 
have if the background potential vorticity field were unperturbed by the storms.  62 
 63 
Based on the comments by the reviewer, in order to examine the role of environmental 64 
steering flow, we show the analysis of the vorticity dynamics, which is the tendency of the 65 

absolute vorticity term (
డఎ

డ௧
), as per the following equation: 66 

 67 
డఎ

డ௧
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                 (1)                   (2)               (3)           (4)                  (5)      69 

Where, u,v,w are the velocity component. The vertical component η of the absolute vorticity 70 
vector (as defined above) given by the sum of the vertical component of vorticity with respect 71 
to the earth (relative vorticity (𝜁)) and the vorticity of the earth (equal to the Coriolis 72 
parameter f). 73 
 74 

 𝜁 =
డ௩

డ௫
 −

డ௨

డ௬
   where 𝑢 and 𝑣 are zonal and meridional wind. 75 

𝑓 = 2Ω sin 𝛷 where Φ varies with the latitude, and  𝜂 = 𝜁 + 𝑓 76 
 77 

The local change of absolute vorticity is related to horizontal advection (term 1), stretching 78 
term (term 2; divergence multiplied by absolute vorticity), vertical advection (term 3), tilting 79 
term (term 4)and friction (term 5). The contribution from the each term in the absolute 80 
vorticity tendency equation was examined. The analysis has shown that at lower level 81 
(850hpa) stretching and horizontal advection in the vorticity equation are the major 82 
contributors of the absolute vorticity tendency term.  The contribution from other terms being 83 
very small could be neglected.  84 
 85 
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Low level vorticity being one of the environmental factor which plays a key role in the 86 
formation and development of the tropical cyclone, the time evolution of  vorticity tendency 87 
(Fig.A), horizontal advection (Fig.B) and stretching term (Fig.C), all at 850 hpa, were 88 
analyzed.  89 
 90 

 91 
 92 
Figure A. Time evolution of absolute vorticity tendency at 850 hpa (s-2) from 4th to 15th 93 
December 2013 superimposed with track of cyclone indicated by black (current position) and 94 
magenta (track).  95 
 96 
 97 
 98 
 99 
Note that the absolute vorticity tendency in the area where the genesis of cyclone Madi took 100 
place was high before the genesis Madi and indicated the prevailing atmospheric condition 101 



4 
 

congenial for its formation. The track of the cyclone moves through the region of high 102 
absolute vorticity tendency. Consistent with this the horizontal advection and the stretching 103 
term also showed higher values in the vicinity of the genesis of cyclone. The stretching term 104 
is related to absolute vorticity and divergence of wind. Increased divergence is related to 105 
increased convection and generation of more low pressure which is favourable for cyclone. 106 
On the 9-10th December when the northward movement of cyclone Madi was arrested the 107 
region showed increased absolute vorticity tendency and horizontal advection with increase 108 
in stretching term, all of which supported the strengthening and northward progression of 109 
Madi. However, contrary to this, the cyclone slowed down and finally became stationary. 110 
Recall that at this time the cyclone Madi was passing through the region of cold-core eddy. 111 
 112 
 113 
 114 

 115 
 116 
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Figure B. Time evolution of horizontal advection at 850 hpa (s-2) from 4th to 15th December 117 
2013 superimposed with track of cyclone indicated by black (current position) and magenta 118 
(track). 119 
 120 
 121 
 122 

 123 
 124 
Figure C. Time evolution of stretching term at 850 hpa (s-2) from 4th to 15th December 2013 125 
superimposed with track of cyclone indicated by black (current position) and magenta (track).  126 
 127 
 128 
 129 
To further illustrate the role of cold-core eddy in arresting the northward motion of the 130 
cyclone, which then was acted upon by the background wind, we generated hovmoller 131 
diagrams of oceanic heat content (OHC) and tropical cyclone heat potential (TCHP) (Fig. D) 132 
along with zonal and meridional components of wind (Fig. E). From Fig. D, it could be 133 
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clearly seen that when the cyclone Madi reached its northern most position on 9th before its 134 
track reversal, it was moving over a region of small values of OHC as well as TCHP. We 135 
have already showed in the manuscript that these small values of OHC and TCHP were 136 
associated with cold-core cyclonic eddies. 137 
 138 
 139 

 140 
 141 
 142 
Figure D. Time-latitude plot of (left panel) oceanic heat content (J/m2) and (right panel) 143 
tropical cyclone heat potential (KJ/m2) with cyclone track superimposed on it. 144 
 145 
 146 

 147 
 148 
 149 
Figure E. Time-latitude plot of (left panel) zonal and (right panel) meridional wind speed 150 
(m/s) at 850 hpa with cyclone track superimposed on it. 151 
 152 
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 153 
Note that during this time the translation speed of the cyclone Madi reduced from 2.81m/s to 154 
1.96 m/s (Table 1). Once the translation speed of the cyclone reduces, the background north-155 
easterly winds (Fig. E) are able to reverse the direction of motion of the cyclone from 156 
north/north-westerly to south-westerly. We hope we have adequately addressed the concern 157 
of the reviewer.  158 
 159 

 160 
 Authors’ Changes in Manuscript 161 

 162 
Following text and Figures will be added to the original ms at line 186: 163 
 164 

To further illustrate the role of cold-core eddy in arresting the northward motion of the 165 
cyclone, which then was acted upon by the background wind, we generated hovmoller 166 
diagrams of oceanic heat content (OHC) and tropical cyclone heat potential (TCHP) (Fig. 5 167 
a,b) along with zonal and meridional components of wind (Fig. 5 c,d).  168 
 169 
 170 
 171 
 172 
 173 
 174 
 175 
 176 
 177 
 178 
 179 
 180 
 181 
 182 
 183 
 184 
 185 
 186 
 187 
 188 
 189 
 190 
 191 
 192 
 193 
 194 
 195 
 196 
 197 
 198 

Figure 5 Time-latitude plot of (a) oceanic heat content (J/m2) and (b) tropical cyclone heat potential 199 
(KJ/m2), (c) zonal and (d) meridional wind speed (m/s) at 850 hpa with cyclone track superimposed on it. 200 
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 201 
 202 
It could be clearly seen that when the cyclone Madi reached its northern most position on 9th 203 
before its track reversal, it was moving over a region of small values of OHC as well as 204 
TCHP. We have already showed that these small values of OHC and TCHP were associated 205 
with cold-core cyclonic eddies. Note that during this time the translation speed of the cyclone 206 
Madi reduced from 2.81m/s to 1.96 m/s (Table 1). Once the translation speed of the cyclone 207 
reduces, the background north-easterly winds (Fig. 5 c,d) are able to reverse the direction of 208 
motion of the cyclone from north/north-westerly to south-westerly.  209 
 210 
 211 

3.  Referee’s Comment 212 
 213 
Looking at Fig.5, there seems to be no interaction between Madi and mid-latitude westerlies. 214 
I don’t understand the role of vertical wind shear shown in Fig. 5 in the evolution of Madi.  215 
According to Fig. 6, the movement of Madi seems to be affected by high pressure area east of 216 
the cycle, moisture transport along the edge of the high-pressurearea, and high-pressure area 217 
west of the cyclone with dry airs after the recurvature (north-easterlies pointed out by 218 
Bhattacharya et al. 2015). In my opinion, the synoptic variations did affect the movement of 219 
Madi rather than the cold eddy underneath the cyclone. In that sense, I agree with 220 
Bhattacharya et al. (2015).On the other hand, the impact of cold eddies on cyclone intensity is 221 
well known. What are new findings regarding TC-ocean interactions in this study? On the 222 
other hand, the impact of cold eddies on cyclone intensity is well known. What are new 223 
findings regarding TC-ocean interactions in this study? 224 
 225 

Author’s Response  226 

Wind shear is defined as the amount of change in the wind speed and direction with 227 
increasing altitude. As indicated in our reply to the previous query, vertical wind shear is also 228 
an important factor for the genesis and intensification of the tropical cyclone. Here we have 229 
calculated vertical wind shear (layer vertical shear is defined as the difference between the 230 
200-850hpa layers) before, during and after the passage of the cyclone Madi. Vertical wind 231 
shear (shown in Fig.5) is one of the parameters that are examined to see if the atmospheric 232 
condition could support the formation of a cyclone. For example, a low vertical wind shear is 233 
usually congenial for cyclogenesis. Hence, we have used the time evolution of this parameter 234 
to assess the suitability of the atmosphere in the formation of cyclone Madi. On 9-10th 235 
December 2013 when cyclone trapped into the cold core eddy region the vertical shear was 236 
moderate (~10-15 m/s).  237 

We wish to clarify that while the high pressure area east of the cyclone and moisture transport 238 
along the edge of the high pressure (Figure 6 in the manuscript) might have played a role in 239 
the evolution of cyclone Madi, it is the passage over cold-core cyclonic eddy that led to the 240 
slowing down and finally arresting of its northward movement, as elaborated in the previous 241 
“Reply to referee’s comment”. This is the new finding, which is different from that of 242 
Bhattacharya et al. (2015).  243 

Once the cyclone becomes stationary the prevailing large-scale background winds were able 244 
to steer it away in a south-westward direction and the cyclone undergoes a reversal from its 245 
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original track. In addition to the slowing and arresting the northward motion of the cyclone, 246 
the cold-core cyclonic eddy augments upward transport of subsurface nutrients through eddy-247 
pumping in tandem with Ekman suction under the cyclone. These two mechanisms together 248 
led to the enhancement of Chl-a and net primary productivity which was much greater 249 
compared with previous cyclones.  250 
 251 

 Authors’ Changes in Manuscript 252 
 253 
No change in the manuscript in response to this query. 254 
 255 

4.  Referee’s Comment 256 

 257 
2) I do not understand how to calculate net primary production (NPP). Anyway, the study 258 
of the upper ocean biogeochemical response to Cyclone Madi is one of the topics of this 259 
study. As for the sudden increases in total CO2 flux, Bates et al. (1998) and Nemoto et al. 260 
(2009) have already reported it from the analysis based on the observations. In addition, 261 
Wada et al. (2011) conducted numerical simulations by an ocean general circulation model 262 
to clarify the mechanism and relation to the relative position to the storm center regarding 263 
the variation of the sudden increases in total CO2flux. My question is what are new 264 
findings in this study regarding the relation of oceanic eddies to the sudden increases in 265 
total CO2 flux. This also applies to chlorophyll-a concentrations. In the abstract, the 266 
authors only show the number of folds regarding rapid increases in chlorophyll-a 267 
concentrations, NPP and total CO2 flux. Without any information on these background 268 
values, readers cannot understand the importance of these extreme events. 269 

 270 

Author’s Response  271 

As detailed under section 2.2 the net primary production (NPP) has been estimated based on 272 
vertically generalized productivity model (VGPM) of Behrenfeld and Falkoswski (1997). The 273 
model was developed by assembling a dataset of 11,283 14C-based measurements of daily 274 
carbon fixation collected at 1,698 oceanographic stations in both open ocean and coastal 275 
waters. It is a light-dependent, depth-resolved model for carbon fixation that partitions 276 
environmental factors affecting primary production into those that influence the relative 277 
vertical distribution of primary production and those that control the optimal assimilation 278 
efficiency of the productivity profile. The weekly Chl-a data along with the MODIS daily 279 
mean photosynthetically available radiation (PAR) and TMI-MODIS SST 280 
(https://modis.gsfc.nasa.gov/data/) were used for the computation of NPP along the track of 281 
the cyclone using the algorithm of VGPM. 282 
 283 
We have referred the work of Bates et al. (1998) and Nemeto et al. (2009) in our manuscript, 284 
both studied the out-gassing of CO2 under the influence of tropical cyclones. What is 285 
different in our study is the magnitude of the out gassing which showed a maximum of nearly 286 
4-fold increase compared to the pre-cyclone value of 3.5 mmol m-2 day-1. This is very 287 
significant in the Bay of Bengal, which is known to be a sink for atmospheric CO2. Since 3-5 288 
cyclones occur every year in the BoB, and the number and intensity of cyclones are reported 289 
to increase under global warming, this will have a decisive impact on the regional basin-scale 290 
CO2 balance. 291 
 292 
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Based on this comment and also the comment No.4 of the Reviewer#1 on 11th March 2019 293 
we have recalculated CO2 flux along Track 1, Track 2, and Boxes A and B in mmol per meter 294 
square per day and prepared the following Fig. F to replace the Fig.14 in the original 295 
manuscript. 296 
 297 

 298 

 299 

 300 

 301 

 302 

 303 

 304 

 305 

 306 

Fig F. Daily variation total CO2 flux (mmol/m2/day) in the Box A (red) and B (blue) and along Track 1 (green) 307 
and 2 (black) from 2 to 15 December 2013. The vertical lines are the standard deviations. 308 
 309 

See also the reply to Reviwere#1’s Comment on 11 March 2019 at lines 686 to 757 in this 310 
document. 311 

 312 

 313 
 Authors’ Changes in Manuscript 314 

 315 
Based on this comment and also the comment No.4 of the Reviewer#1 on 11th March 2019 316 
the following text will be added to the original ms at line 22-26: 317 

Cyclone-induced enhancement in the chlorophyll a ranged from 5 to 7-fold from its pre-318 
cyclone value of 0.2 to 0.4 mg/m3, while increase in the net primary productivity ranged from 319 
2.5 to 8-fold from its pre-cyclone value of 320 mg C m-2 day-1. This enhancement of 320 
chlorophyll a and net primary productivity was much higher than previous cyclones that ever 321 
reported in the BoB. Similarly, the CO2 out-gassing into the atmosphere showed a maximum 322 
of nearly 4-fold increase compared to the pre-cyclone value of 3.5 mmol m-2 day-1. 323 
 324 
 325 
We will also replace the Fig.14 with the following new Figure (Fig.16) at line no. 968 of 326 
original manuscript.  327 

 328 
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 329 
 330 
 331 
z 332 
 333 
 334 
 335 
 336 
 337 
 338 
 339 
 340 
 341 
 342 
 343 
 344 
 345 

Fig 16. Daily variation total CO2 flux (mmol/m2/day) in the Box A (red) and B (blue) and along Track 1 (green) 346 
and 2 (black) from 2 to 15 December 2013. The vertical lines are the standard deviations. 347 
 348 
 349 
 350 

5.  Referee’s Comment 351 
In that sense, the authors did not present in-depth analysis on the time series of the vertical 352 
profiles of water temperature, salinity and chlorophyll-a concentrations. The profiles may 353 
show the ocean response to a storm occurred on the right-hand side of a moving storm (in the 354 
Northern Hemisphere). Certainly, sea surface temperature in the mixed layer decreased due to 355 
vertical turbulent mixing, but sea surface temperature in the thermocline increased during the 356 
passage of the storm and then decreases. There is no discussion regarding this oceanic 357 
response and its relation to variation in chlorophyll-a concentrations although they have been 358 
already studied. I hope the above mentioned discussion points will be clear. 359 

 360 

 Author’s Response  361 

Please note that the Argo profiles that were used in the present study is not from the right-362 
hand side of the moving storm, but from the left-hand side. Notwithstanding this the time 363 
evolution of subsurface temperature and salinity in response to the cyclone was well captured 364 
by the Argo floats as described under section 3.4. The subsurface thermo-haline response of 365 
the water column to the passage of cyclone is described in brief in the first paragraph under 366 
3.4, while the 2nd paragraph describes the Chl-a response using a bioargo profile which is on 367 
the right side of the cyclone track. 368 
 369 

 Authors’ Changes in Manuscript 370 
 371 
No change in the manuscript in response to this query. 372 

 373 



6.  Specific comments374 

I suspect the calculation method (equation (3)) of ocean heat content (OHC) in this375 
First, there is no information on the oceanic dataset in the manuscript. At least,376 
temperature from the surface to 300377 
(Q) / 1.026x103 (density) / 3.87x10378 
temperature should be 300K from the surface to 300379 
consistent with Fig. 11(a). Therefore, Fig. 3 only shows information which380 
horizontal distribution of sea surface temperature.381 
 382 
 383 

 Author’s Response  384 

We clarify that we have not calculated the upper oceanic heat content (OHC), but t385 
been taken from climate forecast system reanalysis (CFSR) of National Centre for 386 
Environmental Prediction (NCEP) climate forecast system (CFS) version 2 387 
(http://www.ncep.noaa.gov) (Saha et a., (2014).The o388 
calculation OHC as per equation 3 is from the ocean model GFDL MOM version 4 which is 389 
configured for the global ocean. The horizontal grid resolution of the OHC data in our study 390 
domain is 0.5 x 0.5 degree latitude by l391 
35 and temperature in the range of 30392 
given in the ms is 3.87 is not correct and we will rectify it by replace it with 4.0). With this 393 
the calculated temperature at 300 m is ~ 11.2394 
of temperature obtained from Argo 395 
11 (a) in the upper 250m.  396 
 397 
 398 

399 
 400 
 401 
 402 

 Authors’ Changes in Manuscript403 
 404 
Following text will be added to the405 

pecific comments 3) Referee’s Comment 

I suspect the calculation method (equation (3)) of ocean heat content (OHC) in this
First, there is no information on the oceanic dataset in the manuscript. At least,
temperature from the surface to 300-m depth is needed in equation (3). Second,

(density) / 3.87x103 (Cp) / 300 (m) ~ 300 K. This means
temperature should be 300K from the surface to 300-m depth so that this 
consistent with Fig. 11(a). Therefore, Fig. 3 only shows information which is the same as the 
horizontal distribution of sea surface temperature. 

We clarify that we have not calculated the upper oceanic heat content (OHC), but t
been taken from climate forecast system reanalysis (CFSR) of National Centre for 
Environmental Prediction (NCEP) climate forecast system (CFS) version 2 

) (Saha et a., (2014).The oceanic temperature data used for the 
calculation OHC as per equation 3 is from the ocean model GFDL MOM version 4 which is 
configured for the global ocean. The horizontal grid resolution of the OHC data in our study 
domain is 0.5 x 0.5 degree latitude by longitude. The value of Cp for a sea water salinity of 
35 and temperature in the range of 30 to 0oC is 4.0 kJ kg-1 K-1 (kindly note that the value 
given in the ms is 3.87 is not correct and we will rectify it by replace it with 4.0). With this 
the calculated temperature at 300 m is ~ 11.2oC, which is consistent with the vertical profiles 
of temperature obtained from Argo in the upper 300m (see figure below) and given in Figure 

 

Authors’ Changes in Manuscript 

Following text will be added to the original ms in place of line 80  

12 

I suspect the calculation method (equation (3)) of ocean heat content (OHC) in this study. 
First, there is no information on the oceanic dataset in the manuscript. At least, water 

m depth is needed in equation (3). Second, 3.574x1011 
(m) ~ 300 K. This means that water 

 result is not 
is the same as the 

We clarify that we have not calculated the upper oceanic heat content (OHC), but the data has 
been taken from climate forecast system reanalysis (CFSR) of National Centre for 
Environmental Prediction (NCEP) climate forecast system (CFS) version 2 

ceanic temperature data used for the 
calculation OHC as per equation 3 is from the ocean model GFDL MOM version 4 which is 
configured for the global ocean. The horizontal grid resolution of the OHC data in our study 

ongitude. The value of Cp for a sea water salinity of 
(kindly note that the value 

given in the ms is 3.87 is not correct and we will rectify it by replace it with 4.0). With this 
C, which is consistent with the vertical profiles 

in the upper 300m (see figure below) and given in Figure 
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 406 
The oceanic heat content (OHC) in the upper 300m, calculated using the following Eq. (3), 407 
was obtained from the climate forecast system reanalysis (CFSR) of National Centre for 408 
Environmental Prediction (NCEP) climate forecast system version 2 409 
(http://www.ncep.noaa.gov) (Saha et al. 2014). 410 
 411 
 412 
In the original ms at line 80  413 
 414 
replace “3.87” with “4.0” 415 

 416 
 417 

7.  Specific comments 4) Referee’s Comment 418 

In equations (1) and (2), there is no information regarding how to calculate wind stresses. 419 
 420 

 Author’s Response  421 

We have calculated the wind stress (𝜏) as follows: 422 
 423 

𝜏 = 𝜌 𝐶஽ 𝑈ଵ଴
ଶ  

 424 
Where ρ is the density of air taken as 1.22 kg m-3, CD is the dimensionless drag coefficient 425 
and U10 is the wind speed at 10m above the sea surface. As the drag coefficient varies wind 426 
speed we have used the following values as per Large and Pond (1981) 427 
 428 
CD= 1.2 x 10-3 for    4 < U10 < 11 m/s 429 
 430 
CD  =  10-3  (0.49+.065U10) for 11 < U10 < 25 m/s 431 
 432 
Large, W.G., Pond, P.: Open ocean momentum flux measurements in moderate to strong 433 
winds, Journal of Physical Oceanography, 11, 324-336, 1981. 434 
 435 
 436 

 Authors’ Changes in Manuscript 437 
 438 
Following text will be added to the original ms at line no. 74 439 

 440 
Wind stress has been calculated using the following equation: 441 
 442 
 443 
                                Wind stress     𝜏 = 𝜌 𝐶஽ 𝑈ଵ଴

ଶ     (1) 444 
 445 
Where ρ is the density of air taken as 1.22 kg m-3, CD is the dimensionless drag coefficient 446 
and U10 is the wind speed at 10m above the sea surface. As the drag coefficient varies with 447 
wind speed we have used the values as per Large and Pond (1981).  448 
 449 
Following reference will be added to the original ms at line no. 421 450 
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 451 
Large, W.G., Pond, P.: Open ocean momentum flux measurements in moderate to strong 452 
winds, Journal of Physical Oceanography, 11, 324-336, 1981. 453 
 454 
 455 
 456 
8.  Specific comments 5) Referee’s Comment 457 

In the abstract, there are many descriptions regarding a lifecycle of Madi. It seems that the 458 
authors intentionally increased the number of characters of the abstract. 459 

 460 

 Author’s Response  461 

We have not “intentionally increased the number of characters of the abstract”. It would have 462 
helped us if referee would have pointed out to specific sentences or expressions that were of 463 
concern.  464 
However, based on the comment we will modify the abstract to shorten it by removing the 465 
dates and few words as indicated in “Author’s changes in Mauscript”.  466 
 467 

 Authors’ Changes in Manuscript 468 
 469 
Following text will be added to replace the texts in the original ms at line nos. from 10 to 14: 470 
 471 

Abstract. The life cycle of the tropical cyclone Madi in the southwestern Bay of Bengal (BoB) during 6th to 12th 472 
December 2013 was studied using a suite of ocean and atmospheric data. What was distinct about Madi was its 473 
(1) swift weakening from very severe cyclone to a severe cyclone while moving towards north, (2) abrupt track 474 
reversal close to 180-degree in a southwestward direction, and (3) rapid decay in the open ocean while still 475 
moving southwestward. We show that oceanic cyclonic eddies played a leading role in the ensuing series of 476 
events that followed its genesis. 477 
 478 
Following text will be added to the original ms at line nos. from 18 to 19: 479 
 480 
subsurface waters. When Madi moved over the cyclonic eddy-core, the eddy feedback factor showed a 69% 481 
decrease in the cyclone intensity. This along with moderate vertical wind shear arrested its further northward 482 
 483 
Following words will be added to the original ms at line nos. from 27 & 28: 484 
 485 
Since eddies are ubiquitous 486 
Tropical cyclone occur every year 487 
 488 

 489 
8.  Specific comments 6) Referee’s Comment 490 

The reference of O’Brian et al. is not correct. Maybe this paper shows the results of idealized 491 
numerical experiments regarding the upper ocean response to a vortex. 492 
 493 

 Author’s Response  494 
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Thank you. We agree. We would remove this reference from the text (line 46) as well as from 495 
the list of references (lines 456-458). 496 
  497 

 Authors’ Changes in Manuscript 498 
 499 
We would remove this reference from the text (line 44) as well as from the list of references 500 
(lines 456-458). 501 
 502 

9.  Specific comments 7) Referee’s Comment 503 

In general, vertical wind shear is calculated as an areal average. How did the authors 504 
calculate the vertical wind shear? What did the authors intend to analyze the vertical wind 505 
shear? 506 
 507 

Author’s Response  508 

Vertical shear is one of the parameters that are examined to see if the atmosphere could 509 
support the formation of a cyclone. For example, a low vertical wind shear is usually 510 
congenial for cyclogenisis. Hence, we have used the time evolution of this parameter to 511 
assess the suitability of the atmosphere in the formation of cylone Madi. 512 
 513 
 514 
We have calculated the difference in the magnitude of the vertical wind velocity between 850 515 
and 200 hpa based on following formula (Balaji et al., 2018; Evan and Camergo, 2011): 516 
 517 

Vertical wind shear = ට(𝑈ଶ଴଴௛௉ − 𝑈଼ହ଴௛ )ଶ + (𝑉ଶ଴଴௛௉ 𝑉 ହ଴௛௉௔)
ଶ 518 

 519 
Winds at 850 and 200 hpa were used for the calculation of wind shear (Saha et al., 2014) 520 
(http://www.ncep.noaa.gov) by determining the difference in the magnitude of the vertical 521 
wind velocity between 200 and 850 hpa.  522 

 523 
  524 

 Authors’ Changes in Manuscript 525 
Following text will be added to the original ms at line no. 88 526 

We have calculated the difference in the magnitude of the vertical wind velocity between 850 527 
and 200 hpa based on following formula (Balaji et al., 2018; Evan and Camergo, 2011): 528 
 529 

Vertical wind shear = ට(𝑈ଶ଴଴௛௉௔ − 𝑈଼ହ଴௛௉௔)ଶ + (𝑉ଶ଴଴௛௉௔ି𝑉 ହ଴௛௉௔)
ଶ 530 

 531 
Winds at 850 and 200 hpa were used for the calculation of wind shear (Saha et al., 2014) 532 
(http://www.ncep.noaa.gov) by determining the difference in the magnitude of the vertical 533 
wind velocity between 200 and 850 hpa.  534 

Following references will be added to the original ms at line no. 387 & 406 535 
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Balaji,  M., Chakraborty, A., Mandal, M.: Changes in tropical cyclone activity in north Indian 536 
Ocean during satellite era (1981–2014), International Journal of Climatology, 1–19, 2018. 537 

Evan, A.T., Camargo, S.J.: A climatology of Arabian Sea cyclonic storms, Journal of 538 
Climate, 24, 140-158, 2011.  539 

 540 

 541 
 542 

10.  Specific Comments 8) Referee’s Comment 543 
 544 

How did the authors calculate weekly composite of daily chlorophyll-a concentrations? 545 
Because the moving speed of Madi is relatively slow, there seem to be a lot of data missing 546 
areas. 547 
 548 

 Author’s Response  549 

Cloud cover during cyclone is a major concern for the data on chlorophyll-a pigment 550 
concentrations determined by optical remote sensing method. Hence to reduce the areas of 551 
missing data we have averaged daily data into weekly time scale to come up with composite 552 
map. 553 
 554 
  555 

 Authors’ Changes in Manuscript 556 
 557 

No change in the manuscript in response to this query. 558 
 559 
 560 
 561 

11.  Specific Comments 9) Referee’s Comment 562 
 563 

In equation (5), salinity data are required. However, there is no information on salinitydata 564 
used in this study.   565 
 566 

 Author’s Response  567 

The daily salinity profile data for December 2013 were taken from HYCOM global 1/12 568 
degree GOFS 3.1reanalysis (http://apdrc.soest.hawaii.edu/las_ofes/v6/constrain?var=234) 569 
 570 
We will include this information in the original manuscript. 571 
 572 
 573 

 Authors’ Changes in Manuscript 574 
 575 

Following text will be added to the original ms at line no. 71 576 
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The daily salinity data required for the calculation of solubility of CO2 in Sea water were 577 
taken from HYCOM global 1/12 degree GOFS 3.1 reanalysis 578 
(http://apdrc.soest.hawaii.edu/las_ofes/v6/constrain?var=234). 579 

 580 
 581 

12.  Specific Comments 10) Referee’s Comment 582 

In Table 1, the category of the intensity of Madi is not based on the Saffir-Simpson scale. 583 
 584 
 585 

 Author’s Response  586 

The classification of the intensity of the system is based on Indian Meteorological 587 
Department (IMD) (http://imd.gov.in/section/nhac/termglossary.pdf) and it is mentioned in 588 
the manuscript in lines 123-124.  589 
 590 

 591 
 Authors’ Changes in Manuscript 592 

 593 
No change in the manuscript in response to this query. 594 

 595 
 596 

13.  Specific Comments 11) Referee’s Comment 597 
 598 

It is very hard to see black arrows in Figs. 3-6. The marks in all figures tend to be small. 599 
 600 

 Author’s Response  601 

We have increased the size of the black arrow and the marks and redrawn the figures 3 to 6 602 
which would be used in the modified manuscript: 603 
 604 
 605 

 Authors’ Changes in Manuscript 606 
 607 

Figures 3 to 6 in the original ms at line no. 726 to 863 will be replaced with the following 608 
redrawn figures with increased size of black arrow and the size of the markers: 609 
 610 



611 
Figure 3 Spatial maps of sea level anomaly (m) from 4th (a) to 15th (l) December 2013 with 612 
track of the cyclone overlaid on it613 
cyclone on a particular day, while the magenta filled circles indicate the track.614 

 615 

Spatial maps of sea level anomaly (m) from 4th (a) to 15th (l) December 2013 with 
track of the cyclone overlaid on it. The black filled circles represent the position of 
cyclone on a particular day, while the magenta filled circles indicate the track. 
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Spatial maps of sea level anomaly (m) from 4th (a) to 15th (l) December 2013 with 

es represent the position of the 



616 

Figure 4 Figure 7 Spatial maps of wind speed (shading, m/s) overlaid with wind vectors 617 
(thin arrow) at 850 hpa from 4618 
overlaid on it. The black filled circles represent the position of the cyclone on a particular 619 
day, while the magenta filled circles indicate the track.  620 

 621 

Spatial maps of wind speed (shading, m/s) overlaid with wind vectors 
4th (a) to 15th (l) December 2013 with track of the cyclone 

overlaid on it. The black filled circles represent the position of the cyclone on a particular 
day, while the magenta filled circles indicate the track.   
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Spatial maps of wind speed (shading, m/s) overlaid with wind vectors 
(a) to 15th (l) December 2013 with track of the cyclone 

overlaid on it. The black filled circles represent the position of the cyclone on a particular 



622 

Figure 5 Figure 8 Spatial maps of 623 
m/s) from 4th (a) to 15th (l) December 2013 with track of the cyclone overlaid on it. The 624 
black filled circles represent the position of the cyclone on a particular day, while the 625 
magenta filled circles indicate the track626 

Spatial maps of vertical wind shear between the 850 and 200hPa (shading, 
from 4th (a) to 15th (l) December 2013 with track of the cyclone overlaid on it. The 

black filled circles represent the position of the cyclone on a particular day, while the 
les indicate the track. 
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vertical wind shear between the 850 and 200hPa (shading, 
from 4th (a) to 15th (l) December 2013 with track of the cyclone overlaid on it. The 

black filled circles represent the position of the cyclone on a particular day, while the 



627 

Figure 6 Figure 9 Spatial maps of relative humidity (628 
troposphere (500 hpa) from 4th (a) to 15th629 
overlaid on it. The black filled circles represent the position of the cyclone on a particular 630 
day, while the magenta filled circles indicate the track.  631 

 632 
 633 
 634 
 635 
 636 
 637 
 638 

 639 

Spatial maps of relative humidity (%) overlaid with winds at mid
from 4th (a) to 15th (l) December 2013 with track of the cyclone 

overlaid on it. The black filled circles represent the position of the cyclone on a particular 
day, while the magenta filled circles indicate the track.   
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%) overlaid with winds at mid-
(l) December 2013 with track of the cyclone 

overlaid on it. The black filled circles represent the position of the cyclone on a particular 


