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Internal Waves : Spatial and temporal scale
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Model Domain for the Western shelf of the Bay of Bengal :
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In-situ data collection location and period

20

Station locations:
v' Stn. A: 84.80°E 18.61°N ( 100 m)
v' Stn. B: 84.44°E 18.33°N (100 m) 19/

v' Stn. C: 84.67°E 18.38°N (500 m) Kotta river mouth

INDIA

18
Data collection periods:

>  17-21 Feb 2012 (3d)

> 24 Aug -5 Sept 2013 (11d) .
> 20 Nov 2013 — 6 Jan 2014 (46d)

> 26 Feb—23 Apr 2014 (56d)




Model Validation: for Feb 2012
Tide gauge and MODEL simulation

Figure: Model analysis
area shown in the inset
map; Red dots depict the
locations of in-situ
observations during 19-
21 February 2012 at Stn
A, B and C. Tide gauge
location is marked by
star. The locations of
TPXO are marked in
circles in the inset.
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Figure: Comparison of model surface elevation (m) with tide gauge
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Figure: Comparison of model surface elevation (m) during observational
period with TPXO data at local depths of (a) 50m ,(b) 300m, (c) 2000m and
(d) 3000m.

Figure : Estimates of spectral energies during 19-21 Feb 2012 at Stn A; (a, b)
comparison at depths 60m 85m; (c) IW spectral energy at different depths;
(d) vertical temperature & associated energy due to semidiurnal tide



Satellite imageries showing IWs over the shelf-slope region in
western Bay of Bengal
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Figure : Surface signatures of internal waves on 19 Feb 2012 (b) Closer look of three groups of rank ordered internal wave packets.



Model Validation:
For 20-23 Dec 2013

Station A (18°36.54' N, 84°47.24' E, Station depth 113m
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Station C (18°15.58' N, 84°30.51' E, Station depth 265m )
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Fig: Bathymetry of the model domain

For 27-30 August 2013
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Intra-tidal variability of IWs off Gopalpur
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Inter-seasonal variability of Internal
tides off Gopalpur

spectral estimate ( kg/m?3)?

depth ( m)

35
|Gopalpur| | | ' i
St T e S e —— JANUARY |
25 ] peeeiooooop o= APRIL - |
— JULY

20 —— OCTOBER -

16 o N ]
10 1
5_
0
0 T T T
-50 s=jfs=======fs=======j======4
break | i |
-100 ] Bezzzzz== R Bececcz:
-150 1 Sttt itttk Al b T
-200 1 ! ‘ T T T Ty Y T
continental i |
250 1 slope SR
-300 + 1 + 1 b : b
84.3 84.4 845 84.6 847 84.8
longitude (°E )
0
', Gopalpur
| |
20+ : | January -
April
‘ July
o [ October
e 401
N
=
[ @ B EE. TH.  TOmpL TR S e
) 60+
©
S0l — — N =\ N =
00+ — — — — - ~

I | |
1019 1021 1023 1025
density ( ka/m?)

longitude (°E)



Density oscillations and isopycnal displacement at shelf break off Gopalpur
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Vertical velocity

Snapshots of vertical velocity off Gopalpur
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Figure: Snapshots of vertical velocity (shaded) and
currents (vectors) at 2-hour interval off Gopalpur.



Inter-seasonal variability of Internal tides in the domain
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Experlments with shelf width & shelf break depth
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Figure: (a) Schematic representation of model domain along with bathymetry, (b) representative bottom topography
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Idealized experiments :

Experiments with continental shelf angle and stratification
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Figure: Spectral estimate of density across all cross-
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Effect of Coastal geometry with and without rotation :

B = B — I~ B B

mMmP>OZ200

XM 200

F=0

o 175
20 ] £ 1803 oo
depth (m) =125
0 T 1m0
19 10 £ &l
g
0 s 50
-100 £
150 g =
@ 18 -200 & o
o 3o 100120 140 160 180 200220
= -400 i
= -500 &
S 7] 600 £ 150
-800 = 25} -
000 @
-500 @ 100§~
167 2000 g 75
2500 2
= 50f--
B000 5
15 | g
82 83 84 . 85 86 87 100 120 140 160 160 200 220
longitude
& 17 17
£ 1508 - 150
= 125% - 125¢ -
= 100} - 100§ -
g 753 - 5%~
B
= L e 503 -~
g 25 25
7 o 9 o
100 120 140 160 180 200 220 100 120 140 160 180 200 220 100 120 140 160 180 200 220
arid paints arid points orid points
ST
20 ] £ 150~
depth (m) = 125] -
0 J=RLEU S
194 -10 B 75
<0 s s0f -
-100 £
~150 g =
@ 184 -200 & o
= 300 100120 140 160 180 200 220
= ~400
= -500 s
=177 -600 £150f -
-800 = 425} -
S1000 &
-1500 g 100§
18] 2000 F 754
-2500 = 5o
8000 5 g
15 ] F o
82 83 84 .85 86 87
longitude
17
150;
125

100:
75
50
25;

O100 120140 160 180 200 220
grid points

O60 80 100 120 140 160 180

grid paints

° 40 60 80 100 120 140 160
arid paints

20 n ] £
T depth (m) =
o =
194 -10 ‘%
50 z
-100 =
50 8
D 184 -200 & 0
k=] 300 100 120 140 160 180 200 220
= -400 i
i= -500 &
5 q7] 800 £ 150
-800 2 ot
-0 @
Siso0 g 100§
16+ 2000 F 75
2500 o 50
S0 B o N
15 | =3
B2 83 84 .85 86 87 140 160 180 200 220 240
longitude
1T 17 17
£, 150 150f - 150:
% 125 125 125
E 100 100 100
§ 75 75
= 50 50,
g 25 25
z
@

O3 25 740 160 150 200 220
grid points

v 140 160 180 200 220 240

grid points

Y65 155 500 325 345 565 380
grid points

20 | T
™ depth (m) £
o £
191 % E
-50 £
-100 =
s0 8
© 18] deog
= 00 100 120 140 160 180 200 220
= 400
© -500 & 1T
=M 600 £ 150
800 = qo5)
-1000 %
~1500 2 100f - -
18] 2000 g TS~
E RS
) g 2
15 ) g
B2 83 8 85 5 87
longitude
& 17 17 17
E 150 - | om0} 5ok
= 125 125} oet 38
= 100 100} - 1000
g 75 759 ol
g
= 50 501 s0b--
goast oo~ L o
&

latitude

spectral estimate

spectral estimate (kg/m?P

G’\DD 120 140 160 180 200 220

17
150
1254 -
100% -
751

508 1
258

G’\DD 120 140 160 180 200 220

15
12
101
7
5
2

0:
51
o} -
51
o -
5:

17
150
1254 -
1004 -
7B

504
258

O’\E]O 120140 160 180 200 220

0’100 120140 160 180 200 220

G’\DD 120 140 160 180 200 220

arid paints arid points orid points
20 ! E
depth (m) = -
0 E 100§ 150
194 -10 L
-50
-100
-150
@ 184 -200 0
o 200 100 120 140 160 180 200 220
= 400
= -500 s
—= 177 -600 £ 150
800 = o5
-1000 @
-1500 g 100
167 2000 B 75
22500 S s
3000 5 g
15 | g o
82 83 84 .85 88 87
longitude
17
150% -
125} -
100} -
754 -
501\ -
251 - - N

100 120 140 160 180 200 220
arid points

060 80 100 120 140 160 180

gridpaints

° 40 60 80 100 120 140 160
arid points

OTOD 120 140 160 180 200 220
grid points

o 140 160 180 200 220 240

grid points

G160 180 200 220 240 260 280
arid points

v The estimate remains the
same for f= 0.

v’ The estimate increases
towards the right for f # 0.

v’ The estimate is symmetric
with maximum in the
concave region for f= 0.

v’ The estimate increases
towards the right but have
maxima in the concave part
forf=0.

v’ The estimate is symmetric
with a minima in the
convex portion for f=0.

v’ The estimate is minimum in
the convex portion and the
values are less for f # 0.



Internal tides in both the hemisphere
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Higher frequency and High resolution modelling : simulations for
different model resolutions (semi-diurnal tidal forcing)

Initial state of the 2D-model: bathymetry and density salinity ( psu )
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Spectral analysis for density with different model resolutions
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Summary:

» High-frequency (HF) IWs are captured well with high -resolution model, i.e.
when Ax:48 m

» Semi-diurnal estimate remains almost same while the estimate of HF IWs are
large with high-resolution model.

» The estimate are higher near the shelf-slope topography. i.e. Stn. X as compared
to Stn. V.

» 12,6,4.12,3.12, 2.5 hrs : : 0.08, 0.16, 0.24, 0.32, 0.4 cph



Vertical velocity for different model resolutions (snap-shot )

grid resolution grid resolution
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Horizontal velocity for different model resolutions (snap-shot )

grid resolution grid resolution

AX =384 m Ax=48m
AZ=6Bm Az=6m

92 184 ??.6 36.8 46 553 645 . 92 184 276 368 46 553 845
distance ( km) distance ( km




High-frequency zone in the shelf-slope region
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Summary:

» Low-frequency (LF) IWs of 12
hr period and High-frequency
(HF) IWs of 6 hrs, 4.12 hrs,
3.12 hrs, 2.5 hrs are detected
in the density spectra.

» HF IWs are more evident from
75m to 220m depth. i.e. in the
pycnocline and very near to
the shelf-slope topography.



Thank You



Experiments with shelf width & shelf break depth (conti....)
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Vertical temperature with and without tide at different cross-sections

Paradeep Gopalpur Machilipatnam
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Figure: Model analysis area shown in the inset map; Bathymetry (m) of the area of interest along the coast with the cross-shelf sections Paradeep:P,
Gopalpur:G, Visakhapatnam:V and Machilipatnam:M; Red dots depict the locations of in-situ observations during 19-21 February 2012 at Stn A, B and C.



Influence of local coastal geometry and continental shelf on IWs

Paradeep Gopalpur Machilipatnam
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Figure: Upper panel - Local coastline off Paradeep(P,,P,P, ), Gopalpur(G,,G,G,) and Machilipatnam(M;,M,M,).

Middle panel - Spectral estimate of temperature (° C)? at these cross-sections.

Lower panel - Bathymetry of these cross-sections.
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Spatial distribution of spectral estimates during February 2012
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v’ The estimates south of Machilipatnam, Kakinada and Visakhapatnam has
larger estimates due to their concave coastline and steep slopes.

v In the northern Bay off Paradeep the higher estimates are seen over a
broader region due to a combined effect of higher tidal amplitudes and a

steeper slope.

v" The maximum estimate of ~90 °C2 is found in the Machilipatnam region.
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Snapshots of vertical velocity and temperature off Gopalpur
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Figure: Snapshots of vertical velocity (shaded) and currents Figure: Snapshots of temperature at-Z-hour interval off Gopalpur.

(vectors) at 2-hour interval off Gopalpur.




Inter-seasonal variability of Internal

tides off Paradeep
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