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WIKIPEDIA
Bombay Cyclone of 1882 (hoax)

The so-called Bombay Cyclone of 1882 or Great Bombay Cyclone is a hoax (or otherwise
fictitious) historical event. Supposedly, the cvelone struck Bombay on 6 June 1882. Though it is
widely reported, even in scientific literature, historical research shows that it did not in fact
happen.

Example accounts of the supposed event

Reportedly, the earliest mention of the supposed cyclone so far discovered by researchers is in a
newspaper called Telegraph on 17 September 1947.[1] The cyclone is mentioned in academic
literature from at least 1976.[2] Tts entry in the 2008 edition of the Encyclopedia of Hurricanes,
Typhoons, and Cyclones reads:

The Great Bombay Cyvclone of June 6, 1882: One of few truly great Indian
cyvclones to have formed over the Arabian Sea, the Great Bombay Cyclone--engorged
with 110-MPH (177-km/h) winds and an 18-foot (6-m) surge--reportedly claimed more
than 100,000 lives when it came ashore at Bombay right before daybreak.[3]

A 2014 academic article claims that: 'the deadliest storm surge of Arabian sea was Great Bombay
Cvclone, took place in 1882 causing 100,000 causalities [sic]. It is one of ten deadliest tropical
cyclones of the known history of the world'.[4] Another account, published in 2017, says that

the city of Bombay was all but destroved by a monster cyclone that slammed into the
Maharashtra region on June 6th 1882. This was one of the few great storms to emerge
from the Arabian Sea. The super storm covered an enormous area as it came ashore at
dawn bringing with it 110 mile per hour winds and an 18 foot tidal surge that
inundated much of the region around Bombay ... The resultant winds, flooding and
damage to buildings killed more the 100,000 people.5]
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Flowchart of GEFS
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What about High Res. 6FS (T1534~12.5 km)
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Further status of CFS/GFS




CFSv2 T382

20N
10N "'--—r

0
105 1

205
20N +

10N
0
105

T a) AVHRR: Kehin

Fig. 13: Distribution of
boreal summer time
OLR variance (W2 m™)
of (a), (b) Kelvin; (c), (d)
n=1ER and (e), (f) MRG
waves for AVHRR and
CFS.

208 -
20N 1
10N |

1r.l5{

£

4.
108 ] ¢ 5
208 b.l‘i‘.!._

20N - -
10N 1

10S 1

208
20N 1
10N ]

X _ 1
g | ﬁ . . LN SE : . ' Abhik et al., 2015
30E G0E B0E 120E 150E 180 150W 120W 0w

N N I N . | [ [ [ |
20 30 40 50 60 B0 100 120 140 160 180 200




) 1d0.5d log_power(P) GFS
1 I | ]

0.5 05 0.5
L ke
045 - 0.45 - 0.45
0.4 0.4 0.4
0.35 0.35 035
ﬁ 0.3 03 0.3 -
L o025 0.25 025
£ 0.2 0.2 0.2
0.15 0.15 0.15
0.1 0.1 0.1
0.05 0.05 0.05
0 0 o
0.5 0.5 0.5
0.45 0.45 - 0.45 '
0.4 0.4 0.4
0.35 — 0.35 | 0.35
g 03- 08 03
L 025 0.26 0.25
g
= 0z 02 0.2
0.15 0.15 0.18
0.1 01 01
0.05 0.05 0.05
0 —+— . 0 . o - {
15 -10 -5 0 5 10 15 15 10 & 0 5 10 15 16 <10 B 0 5 10 15
zonal wavenumber zonal wavenumber zonal wavenumber

F1G. 9. Zonal wavenumber and frequency power spectra of symmetric rain rates about the equator averaged from 15°S to 15°N for the
period January 2015-March 2016 of (a) GPM, (b) GFS 1d0.5d, (c) GFS 5d0.5d, (d) CMORPH., (e) IFS 1d0.5d, and (f) IFS 5d0.5d.
Dispersion curves shown are for equatorial waves as in Wheeler and Kiladis (1999), for equivalent depths of 12, 25, and 50 m.

Dais et al. 2018



G6FS and IFS
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FIG. 3. Mean daily precipitation rate for the period January 2015-March 2016 from the (a) GPM, (b) CMORPH,
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Diurnal variability
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Two questions

 Whether does the GFS capture the LPS and what lead?

* Fidelity to capture Transition from lows to depression
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3 day accumulated precipitation based on observation and

Composite precipitation for 21-23July,2018 depression
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Composite precipitation for 21-23 July,2018 events based on

observation and model
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» One may argue, the case shown earlier may be a random events where

the model is able to capture the depression with good lead time.

» To see the models systematic performance, we have analyzed data from

2001 to 2010 from observation and as well as from model.

» We have identified 34 cases where low pressure system has intentensified
into depressions and 73 cases where low pressure system was not able to
intensify. The composite structure of the dynamical parameters based on

observation and model are plotted .




Low to depression
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Longitude height plot of anomalous temperature (latitude averaged)

(a) Composite longitude height plot of temperature for Low to Depressi c30mposite longitude height plot of temperature for Low (Latitude averaged)
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(a) Composite latitude height plot of temperature for Low to Depression

Latitude height plot of anomalous temperature (Lon. averaged)

(a) Composite latitude height plot of temperature for low

100 ‘ 100 | | | ‘
Low

150 150 —

200 200 —

250 250

300 300

400 400

500 500

700 — 700 —

850 — 850 —
1000 = 4000

-08 -06 -04 -02 0 0.2 04 0.6 0.8

Positive(Negative) in x axis means to the north/south to the centre of the system

16

12

Height (km)



ERA

(a) Composite longitude height plot of temperature for Low to Depression
| |

Longitude height plot of anomalous temperature
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Potential vorticity (low to depression)
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ERA Same for low

(a) Composite PV at 550 hPa for low
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ERA

(a) Composite latitude height plot of q1 for Low to Depression
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Latitude height plot of omega
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(a) Composite latitude height plot of omega for Low to Depression
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Energetics analysis for low and
depressions study




Mean kinetic energy (MKE) at 850 hpa level

(a) Composite MKE for Low to Depression (a) Composite MKE for low
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MKE to EKE conversion

MKE to EKE conversion is through the interaction between mean flow and high-frequency
disturbances. Here EKE contains all the scale less than seasonal mean 1.e synoptic scale (2-

10 days), ISO scale (10-90 days) and low frequency background state (periods 90 days or
longer).

(a) Composite EKE to MKE for Low to Depression (a) Composite MKE to EKE for low
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Synoptic scale eddy Kinetic energy

(a) Composite EKE for Low to Depression
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Synoptic scale eddy Kinetic energy (low to depression)

ERA
(a) GFS-T1534(24hr) composite EKE for Low to Depression
. . 5 '
; (a) Composite EKE for Llow to Depression
GFS-T1534
(24hr)
-5 |
5 - 5 0 5
-5 0 5 (a) GFS-T1534(48hr) composite EKE for Low to Depression
5 |
HEEEE Positive(Negative)
4 6 8 10 12 14 16 18 20 22 24 26 . .
In X axis means to
the east/west from
- the centre of the
0 L
system.
GFS-T1534 M
(48hr) (3 (3 Ld
Positive(Negative)
in y axis means to
. the north/south to
- T

5 0 5 the centre of the
system




ERA

Synoptic scale eddy kinetic energy(low)

(a) Composite EKE for low
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The processes that contribute to synoptic
scale EKE




Barotropic energy Conversion from low frequency background
state (LFBS) and ISO scale to the synoptic scale

(a) Composite CK for low to depression (a) Composite CK for low
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Barotropic energy Conversion from LFBS and ISO scale to the
synoptic scale (low to depression)

ERA

(a) Composite CK for low to depression (a) GFS-T1534(24hr) composite CK for low to depression
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Barotropic energy Conversion from LFBS and ISO scale to the
synoptic scale(low)

(a) GFS_T1534(24hr) composite CK for low
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Eddy Available potential energy to eddy kinetic energy conversion (CA)

CA=— ‘%m’]"“,

(a) Composite CA for low to depression (a) Composite CA for low
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Positive(Negative) in x axis means to the east/west from the centre of the system.
Positive(Negative) in y axis means to the north/south to the centre of the system




Eddy Available potential energy to eddy Kkinetic energy conversion
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in y axis means to

the north/south to
the centre of the
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Eddy Available potential energy to eddy Kinetic energy conversion(low)

ERA (a) Composite CA for low (a) GFS-T1534(24hr) composite CA for low
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Summary

 Fidelity of model in generating EKE and APE +to
EKE during Low2Deperession needs further
improvement to improve the forecast with longer
lead.

* Model moist process needs further improvement

 Higher resolution has shown improvement.




Thank You !




Synoptic scale eddy Kinetic energy
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(a) Composite EKE for Low to Depression (a) Composite EKE for low
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Positive(Negative) in x axis means to the east/west from the centre of the system.
Positive(Negative) in y axis means to the north/south to the centre of the system




Barotropic energy Conversion from low frequency background
state (LFBS) and ISO scale to the synoptic scale

where double overbar means LFBS field, a tilted overbar

V', [ (f +V+ \"") .Tf'} vV -V, [ (? +V + ‘\-") _‘U} \/  |means intra-seasonal component and prime means synoptic-

scale field.
(a) Composite CK for low to depression (a) Composite CK for low
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Positive(Negative) in x axis means to the east/west from the centre of the system.
Positive(Negative) in y axis means to the north/south to the centre of the system




A new EKE diagnostic tool for examining the eddy-ISO interaction (Hsu et al. 2011, Sarkar et al. 2018)

Any variable ‘V’ can be decomposed as- V=V + V + V’ -
means intraseasonal component and prime means synoptic-scale field.

A dependent variable is decomposed into three components- the low frequency background state (LFBS) which consist
of periods 90 day or longer, intraseasonal component (10-90 days) and synoptic scale component (lower than 10 days).

(1) Where double overbar means LFBS field, a tilted overbar

aK’ (o i NG = ., fou a0 A = . [T
— ==t =Vt = |-+t ) —t+ —+ — | tutu)—+—+
Jt Jt at Jt at dx  dx dx ax  dx

N £ TR T = . [ v N = . [om
—u'T+to+v) | —+t—+ — |Vttt V)| —Ft—+ — | —Hv@t+tot o) —+
dy dy dy ay dy dy ap

_ E R TR T ab  ap o’ ab  op  ad’
VB t+o+o) =+ =2+ ) - L W L L LA
ap ap  ap dx ax ax dy  dy dy

Then a low-frequency EKE budget equation may be
derived as follows:

aK’ _ i
— =CK+CA + AM + AE + FG (3)
ar
CK=—V'-[(V,+ V,+ V) . V[V -V [(V + V, + V). V|V
=00 =0 _du 00 ,—du k=00 Ot & _du ., 9w, U
vi—+vi—+ur—+tvvr—+runow—tvo—tunu—+trvue—tur—tvv—+uw—
a J i) d ay ay d
+v'@ +H’28ﬁ+ u' §-i-n’ ra“+ ’2@4- ! ra—ﬁ+ ! ’—-ﬁ-u’ﬁﬂ+v’ﬁ@+u’ﬁﬂ
B ox dy ap ay
=0 —du —ov ,.ou ,.dv ,_ou , v ,_ du , v
+vv—t+u'o—+tvo—t+tuiu—+vui—+uw'v—+v'o—+uw'o—+uv + u
y c C v dy ap d ax
U i a i v
+v’n’—+u’v’i+v’2—v+u’ ’i+v’w’—v
¢ Jy dy ap ap

ax

' Apply a 10-day low-pass filtering operator (denoted
by a single overbar) to the perturbation EKE equation
above. The following terms can be dropped:

Hu’)
+ -— —
ap ,(r’iﬁ Hﬁ) | ol
U=+ —=|=—u'—=
at ar at
2
2) (dﬁ &f:) ED]
—V|—+ —=|==v"—=10
at at at
ap o E
—’_—qb+_—¢J ’_d’*() and
ox dx dax
[0 . od , 0
- —+ — 0
ay day ay
R

CA=—T'o',
r

AM = AMm + AMi=-V,-V,K’ — V,-V,K'
AE=-V;-V,K' and
FG=-V, (Vid)

where a single overbar represents the 10-day low-pass
filtering operator, K’ is the low-frequency EKE (in-
cluding both the LFBS and ISO components), V is the
horizontal velocity vector, V is the horizontal gradient
operator (the subscript 3 represents the three-dimensional
components), R is the gas constant for dry air, and T is
temperature.




Meaning of Each Term

CK — Conversion from LFBS and ISO scale to synoptic scale
system.

CA — Eddy Available potential Energy (EAPE) to Eddy Kinetic
energy conversion(EKE).

AM- The advection of EKE by both LFBS and ISO flows.

AE- The advection of EKE by Synoptic scale eddy.

FG- Generation of EKE through convergence of eddy
geopotential.

(Sarkar et al. 2018)
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