Overview of the Sea Level research activities in France

Indo-French collaboration : current status and perspective
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Objectives

A Show some examples of the existing collaboration between India and France
relative to sea level studies

A Visit INCOIS, meet people and share experiences and skills and why not start |
collaboration on sea level

A Modeling A Observation

76° 77° 78°




Tidal Modelingon the west coast of
India
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True observed SSH @ ( 72.21°E / 20.42°N)
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2073 2014 — 2015 2016 2017 2018
date (years)

-[Ndata=43807]-[Min=-3.029]-[Max=3.106]
-[Moy=-0.000]-[Std=1.143]-[Med=0.026]-[Trd=0.000 --/yr +/-  0.004]
- From 12/12/2012 18:00:00 --> 12/12/2017 00:00:00 ( 1825 Days or 43806.00 Hours)

- Sampling rate =1.000h / 60.000mn / 3600.000s



SARAL/AltiKa observed SSH @ (72.21°E/ 20.42°N)
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2013 2014 2015
date (years)

-[Ndata=103]-[Min=-1.987]-[Max=2.948]

-[Moy =0.415]-[Std=1.125]-[Med =0.456]-[Trd=-0.010 --/yr +/-  0.078]

- From 30/12/2012 05:00:00 --> 19/11/2017 05:00:00 ( 1785 Days or 42840.00 Hours)

- Sampling rate =420.000h [ *¥****%**¥¥mp | *****k*r*g



SARAL/AltiKa observed SSH @ ( 72.21°E/ 20.42°N) Model Correction = fes2004
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2013 2014 2015
date (years)

-[Ndata=103]-[Min=-1.987]-[Max=2.948]

-[Ndata=103]-[Min=-1.043]-[Max=1.159]
-[Moy=0.415]-[Std=1.125]-[Med=0.456]-[Trd=-0.010 --/yr +/-  0.078]
-[Moy=0.158]-[Std=0.465]-[Med=0.211]-[Trd=-0.007 --/yr +/-  0.032]

- From 30/12/2012 05:00:00 --> 19/11/2017 05:00:00 ( 1785 Days or 42840.00 Hours)
- From 30/12/2012 05:00:00 --> 19/11/2017 05:00:00 ( 1785 Days or 42840.00 Hours)
- Sampling rate =420.000h [ *¥****%**¥¥mp | *****k*r*g

- Sampling rate =420.000h [ *******¥mp | **kkkdxkg



SARAL/AltiKa fake SLA @ ( 72.21°E / 20.42°N) Model Correction = fes2004
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2013 2014 2015

date (years)
-[Ndata=102]-[Min=-1.005]-[Max=1.878]

-[Moy =0.255]-[Std =0.698]-[Med =0.287]-[Trd=-0.006 --/yr +/-  0.049]

- From 30/12/2012 05:00:00 --> 01/11/2017 17:00:00 ( 1768 Days or 42420.00 Hours)

- Sampling rate =420.000h [ *¥****%**¥¥mp | *****k*r*g



the water condenses into rain. In Winter, the reverse occurs.

Asian Summer monsoon knows interannual variations for a variety of reasons (Eurasian snow cover, winds circulation,
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" i 2Dbarotropic model

I Using finite element for the spatial
| _1600 discretizationof the mesh

. 1850 I Based on the notlinear shallow water
equations (Lynch and Gray, 1979)

T Without assimilation

I We have run the model for the principal tidal
— ~2600 gl dSa oaHZYMZhmMZt mZ{+

™ A Forced at the boundaries

= with Altimetry with cTtoH
“*  harmonicalproducts)
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.« A Used the ETOPO?2

= modified bathymetry
" (Sindhwet al., 2007)
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MODEL = Shelf[Q:cd=1.2e-3]

WAVE =M2
AMPLITUDE PHASE
n n
ar\ smm(pnd) 3
i T Validationat the coast
N  f Umbargaon -j- 1.47/247.8
+Mu;!nl;a~-h'wgh: "‘"gy - + 0.74/1837, 123/2030
j dra 15/186.2
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Shelf[SQ-Q:ed=1.2¢-3]
S2 N2 K2 K1 01 P1 Ql M4 O
Jaigarh NIO-Master-Tide 1.3 1.0 0.6 0.7 | 0.5 0.3 0.4 0.2 3.0 M O D E L R S S (C m)
BoriaBay NIO-Master-Tide 1.4 1.7 0.5 0.9 0.2 0.2 0.2 0.0 2.7
Mumbai-high NIO-Unni 1.6 | 23 | NaN | 27 | 0.8 | NaN | NaN | NaN 4.6
Harnai NIO-Master-Tide 00 | 16 | 03 | 21 | 01| 08 | 03| 06 3.0 t_ U G O m 2 2 3
Shrivardhan NIO-Master-Tide 1.2 0.9 0.4 3.3 0.7 1.3 7 0.5 4.3 .
Janjira(DangriB | N1O-Master-Tide 1.1 1.6 0.5 5.4 1.0 2.0 0.9 0.3 6.7
Revadanda NIO-Master-Tide 3.6 2.0 1.4 4.6 0.4 1.7 0.3 0.6 10.1
RevasBandar | NIO-Master-Tide 70 |21 | 20 | 12 | 12| 05 | 03 | 21 15.0 G OT4 7 29 7
Bandra NIO-Master-Tide 4.0 0.6 1.6 1.6 0.1 0.6 0.5 1.9 8.4 " "
Arnala NIO-Master-Tide 5.4 2.7 2.1 1.0 0.6 0.4 0.6 2.3 15.2
Kelve(Mahim) NIO-Master-Tide 5.1 2.2 2.0 2.2 0.5 0.9 1.3 3.3 16.1
Satpati ster-Tide 6.0 4.9 2.3 34 0.7 3.7 1.1 2.2 19.6 F ES 20 1—2" Y D RO 2 9 7
Umbargaon \ Tide 9.9 7.4 3.6 57 | 2.6 2.2 2.2 3.6 33.4 -
Bulsar NIO-Master-Tide 12.1 | 25 25 | 13.0 | 0.6 5.3 2.1 3.7 46.4
Hazira(2nd) NIO-Master-Tide 153 | 7.2 46 | 134 | 53 5.0 2.8 4.0 54.9
PipavavBandar | NIO-Master-Tide 7.6 | NaN | NaN 3.0 0.9 | NaN | NaN | NaN 30.9 F ES 2004 70 0 3
Jalarabad NIO-Master-Tide 7.7 G.1 3.0 2.2 0.7 1.0 0.2 3.3 25.2
Nawabandar | NIO-Master-Tide | 7.8 | 34 | 27 | 1.9 | 21 | 0.7 | 1.0 | 1.1 | 25 9.8 2°N
Kotra NIO-Master-Tide | 7.4 5.2 3.9 2.5 1.9 2.5 0.7 0.8 2.0 10.8 22°N
O 20,0 | 6.6 3.5 2.1 5.1 1.6 | 2.1 1.1 2.2 | RSS=22.3 21N
Lo 2N
g = 5 ‘Azlb ; IAZ‘ = |Aal’}.\e¢mbl - A:}rr:zf€¢”‘0d 1N - - & P
p 18°N —\
1 3 ha ] R I, =
Tsjte = B Z|AZ| 16°N , .:
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1aen | -
Owave = 13°N
12°N
11°N
1 Z Z A WOiN
ZNW‘) site waves o
\ 8°N
Shelf[SQ-Q:cd=1.2¢-3] 7N
M2 S2 N2 K2 K1 (0] P1 Ql M4 [ 6°N
Colachel NIO-Mehra 0.1 0.8 0.1 0.5 0.9 0.1 0.4 0.2 0.1 1.4 5°N
Vilinzam | NIO-Master-Tide | 0.8 | 2.6 | 0.9 | 02 | 0.3 | 05 | 0.0 | 0.1 | 03 2.9 EhbYAnbEhbLELB B
Nindakara | NIO-Master-Tide | 1.7 | 32 | 08 | 05 | 32 | 15 | 1.0 | 09 | 04 5.3 e
Alleppey NIO-Master-Tide | 1.4 1.0 0.4 0.4 1.0 1.0 0.5 0.6 | NaN 2.4
Ponnani NIO-Master-Tide | 2.9 14 0.9 0.4 1.2 1.2 4.3 0.3 | NaN 5.8 M O D E L
Beypore NIO-Master-Tide | 3.2 0.9 0.6 1.0 1.4 1.2 0.7 0.3 0.3 4.0
Cannanore | NIO-Master-Tide | 1.1 1.0 2.6 0.3 4.0 1.3 1.2 0.4 0.5 5.4
Kasargod | NIO-Master-Tide | 2.9 | 1.7 | 0.8 | 03 | 1.1 | 1.3 | 03 | 04 | 02 3.9 t_ U G O m 3 7
Malpe NIO-Mehra 2.6 0.5 0.6 0.3 14 0.9 1.0 0.2 0.6 3.4 "
Coondapore NIO-Unni 0.3 1.1 0.7 | NaN | 24 | 0.2 | NaN | 09 0.1 2.9
Honnavar NIO-Unni 1.6 1.9 1.2 | NaN | 1.8 0.5 | NaN | 0.3 0.2 3.3
Kumta NIO-Master-Tide | 5.1 2.2 1.6 0.8 0.8 0.5 0.3 0.9 0.9 6.1 G OT4 . 7 3 . 7
Karwar NIO-Mehra 0.9 0.4 0.2 0.5 0.5 0.5 0.8 0.3 0.3 1.6
Marmagao | NIO-Master-Tide | 1.9 0.2 0.5 0.1 0.6 0.4 0.9 0.4 0.4 2.4
Vengurla NIO-Master-Tide | 1.0 0.6 0.5 0.2 0.6 0.4 0.0 0.6 0.1 1.5 F ES 20 1—2" Y D RO 4 8
Malvan | NIO-Master-Tide | 1.2 | 1.0 | 06 | 06 | 1.0 | 04 | 03 | 04 | 02 2.2 :
Achra NIO-Master-Tide | 4.6 2.3 1.7 0.8 1.2 1.3 0.4 0.4 0.8 5.8
Devgarh NIO-Master-Tide | 1.2 13 0.4 0.7 0.7 0.3 0.2 0.1 0.2 2.1 F ESZOO4 5 5
Muskazi NIO-Master-Tide | 1.7 0.9 0.3 0.4 2.0 0.8 0.8 0.3 0.2 3.1 L]
Ratnagiri NIO-Mehra 0.8 0.3 0.2 0.1 0.9 | 04 1d 0.2 0.4 1.8
T 23| 15| 1.0| 05| 1.6| 08| 1.2 | 0.5| 0.4 | RSS= 3.7




SARAL/AIltiKa observed SSH @ (72.21°E / 20.42°N) Model Correction = fes2004
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SARAL/AltiKa observed SSH @ (72.21°E/ 20.42°N) Model Correction = shelf-hr sq cd 1.2e-3
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2014 2015 2016

date (years)

-[Ndata=103]-[Min=-1.987]-[Max=2.948]

-[Ndata=103]-[Min=-2.281]-[Max=2.753]
-[Moy=0.415]-[Std=1.125]-[Med=0.456]-[Trd=-0.010 --/yr +/-  0.078]
-[Moy=0.465]-[Std=1.115]-[Med=0.261]-[Trd=-0.101 --/yr +/-  0.077]

- From 30/12/2012 05:00:00 --> 19/11/2017 05:00:00 ( 1785 Days or 42840.00 Hours)
- From 30/12/2012 05:00:00 --> 19/11/2017 05:00:00 ( 1785 Days or 42840.00 Hours)

- Sampling rate =420.000h /

mn / s

- Sampling rate =420.000h /

mn / s
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SARAL/AltiKa fake SLA @ (72.21°E / 20.42°N) Model Correction = shelf-hr sq cd 1.2e-3
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Sea Level (m)

- 4 | I 1 1 1 | 1 ‘ L 1 1 1 |

1 1 | |
2013 2014 2015

date (years)
-[Ndata=102]-[Min=-0.855]-[Max=0.860]

-[Moy =-0.057]-[Std=0.391]-[Med =-0.038]-[Trd=0.085 --fyr +/-  0.026]

- From 30/12/2012 05:00:00 --> 01/11/2017 17:00:00 ( 1768 Days or 42420.00 Hours)

- Sampling rate =420.000h [ *¥****%**¥¥mp | *****k*r*g
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Modelingperspective
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