


From Grand Combin to an Upwelling Bay: the Ria de Vigo
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Grand Combin?

A mountain range located in the
Switzeland-Italy border
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GRAND COMBIN SUMMER SCHOOL

Aspetti fondamentali della meccanica dei fluidi geofisici ed ambientali
Problémes fondamentaux de la méchanique des fluides géophysiques et environmentaux

Fundamental problems in geophysical and environmental fluid mechanics

Course 2001

The fluid dynamics of coastal seas, closed basins and lakes

St. Oyen (Aosta) - June 13-23, 2001
Directors: Peter Davies (Univ. Dundee, UK), Joel Sommeria (CNRS, Grenoble).
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http://www.to.isac.cnr.it/grandcombin/aosta2001/
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http://www.to.isac.cnr.it/grandc
ombin/aosta2001/participants.

html
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http://www.to.isac.cnr.it/grandc
ombin/aosta2001/participants.
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Upwelling bays?
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a California Current System C Canary Current System

! \ D W \ Ria de Arousa S

Grays Harbor

Lisbon Bay
Setubal Bay

Sonoma Coast ]|
Bodega Bay
Tomales Bay |

Drakes Bay

Gulf of the
Farallones |

Agadir Bay
Monterey Bay

Avila Bay

Dakhla Bay
Todos
Santos Bay 5 Lévrier Bay

San Quintin Bay

Sebastian

Annual Review of Marine Science
Vizcaino Bay

Cap Vert Bay

Upwelling Bays: How Coastal
Upwelling Controls
Circulation, Habitat, and
Productivity in Bays

John L. Largier'?

! Department of Environmental Science and Policy, University of California, Davis,
California 95616, USA

2Coastal and Marine Sciences Institute, University of California, Davis, Bodega Bay,
California 94923, USA; cmail: jlargicr@ucdavis.cdu

Paracas Bay

Mejillones Bay
Antofagasta Bay

Luderitz Bay
La Serena Bay
Tongoy Bay

Valparaiso Bay
Cartagena Bay

Concepcion Bay
Gulf of Arauco

St. Helena Bay
Saldanha Bay
Table Bay
False Bay
Walker Bay

I\ Largier JL. 2020.
A:¥ Annu. Rev. Mar. Sci. 12:415-47 ® ®
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*Geologically: Drowned
valley.

River at the head of the
ria (max. ~100 m3/s).

*\/-Shaped bathymetry

20m average
depth

45m maximum

60m at South
Mouth

*A partially-mixed
estuary
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* Therefore the Ria de Vigo is an estuary.

* |t should show estuarine, gravitational,
circulation described by:

2 2 3
u(z) =%z 5_1{5) L. & P _6_Z+15{£) _8{5)
wL,|h 2\h) | 48 pK ox h h h

‘csic £'% APHYS =P~L




* Therefore the Ria de Vigo is an estuary.

Bidirectional flow

Velocity Profile (cm/s)

_ S 6 5 4 3 2 0 1 2 3 4 5
* |t should show estuarine, gravitational, —_—— —
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circulation described by: N ]
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* But, the observational data tell us other,
more complicated, story:

Velocity profile (cm/s) at Melide Bank

Melide Bank

Depth (m)
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Date
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Souto, C., M. Gilcoto, L. Farifia-Busto, and F.F. Pérez (2003)
Modelling the residual circulation of a coastal embayment affected by wind driven upwelling: circulation of the Ria de Vigo (NW Spain).
Journal of Geophysical Research, 108(C11), 3340-3358.

Gilcoto, M., P. C. Pardo, X. A. Alvarez-Salgado, and F. F. Pérez (2007)
Exchange fluxes between the Ria de Vigo and the shelf: A bidirectional flow forced by remote wind
Journal of Geophysical Research, 112(C06), 21.

Barton, E. D., J. L. Largier, R. Torres, M. Sheridan, A. Trasvifia, A. Souza, Y. Pazos, and A. Valle-Levinson (2015)
Coastal upwelling and downwelling forcing of circulation in a semi-enclosed bay: Ria de Vigo

Progress in Oceanografy, 134, 173-189.
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Project

Vertical Profiles of Currents

RDI ADCP (l1IM-CSIC)

Sampling Frequency: 2 Hz

Time Span: 20.Jun.2013-13.Ago.2014
Coverage: 93.76%

Local Winds

Bouzas Meteo Station (IIM-CSIC)
Sampling Frequency: 1 Minute

Time Span: 01.Jan.2013-31.Dec.2014
Coverage: 96.77%

Remote Winds

Silleiro Buoy (Puertos del Estado)
Sampling Frequency: 1Hour

Time Span: 01.Jan.2013-31.Dec.2014
Coverage: 82.20%
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Constituent Amplitudes (cm/s)
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Tidal Harmonic Analysis: complete set of constituents
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Constituent Significant Amplitudes (cm/s)
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Tidal Harmonic Analysis: only SNR>2 constituents
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Determination Coefficients for Harmonic Fits
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Tidal Harmonic Analysis: vertical distribution of R2

Determination Coefficients for Harmonic Fits
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Tidal Harmonic Analysis: vertical distribution of R2

Determination Coefficients for Harmonic Fits
45r

R2 minimum @ surface
40}
R2 maximum @ ~33mab

s} —

)] N w
o (6)] o
T T T

Meters above bottom (mab)
5

O L L L L L L L L L J

0 01 02 03 04 05 06 0.7 08 09 1
Determination Coefficient (R?)

AL
‘csic £
[\

1\

APHYS =P-L

4




Vec. Crosscorr. (R%) with Local Wind
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Vec. Crosscorr. (R%) with Local Wind
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Vec. Crosscorr. (R%) with Local Wind

Surface layer
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Local Wind
— Tidal harmonic fit
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Vec. Crosscorr. (Rz) with Local Wind Vec. Crosscorr. Angle with Local Wind

45¢ 45
40F 40}L (
Surface layer Surface layer i

35 35
3 g
E 30t E 30t
E E
o k)
= 25f 5 25 Local Wind
o) o)
@ @
3 20 Local Wind 3 20f
% — Tidal harmonic fit %
o ' Bottom layer « Blottom layer
5 15} g 15
© o
= =

10 10

5 S5t
O 0.1 0.2 0.3 04 05 0.6 0.7 0.8 09 1 0 45 90 135 180 225 270 315 360
Determination Coefficient (R?) Angle (Degrees)

csic &% APHYS =PrL

410




vec Crosscon (R e Locel W

i

 ~

| 4

]

&

.

R

5

9

o

5t s

: mm -
= O .-

EAO) o

I .

= o

(s

o

] . .
o

l 3

; i} -
| | :
B N W

(Degrees

Determwraton Cosfhoet W

APHYS =P:L




0 28 20 NS W
APHYS =PrL

(Degrees

o i e e

e

02 02 04 05 08 07T 00
Determwraton Cosfhoet W

8
R\




0 28 20 NS W
APHYS =PrL

(Degrees

o i e e

e

[/

02 02 04 05 08 07T 00
Determwraton Cosfhoet W

8
R\

o}




Vec. Crosscorr. (Rz) with Local Wind Vec. Crosscorr. Angle with Local Wind
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Vec. Crosscorr. (R2) with ... Vec. Crosscorr. Angle with ...
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Vec. Crosscorr. (R2) with ... Vec. Crosscorr. Angle with ...
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Vectorial Crosscorrelation (F{Z) with Local Wind

Meters above bottom (mab)
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Vectorial Crosscorrelation (Rz) with Local Wind

Meters above bottom (mab)
—_ —_ N N w
o (6)} o (6} o

&)

-36 -30 -24 -18 -12

-6 0

Lag (hours)

6

12

18

24

30

36

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

There is no lag between local
winds and residual currents!!
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There is no lag between local
winds and residual currents!!

There are 6-8 hours of lag between
remote winds and residual currents!!
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Remote and Local Wind Vectorial Correlation
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Lag (Hours)

There is no lag between local
winds and residual currents!!

There are 3 hours of lag between
remote winds and local winds!!

When a low or high pressure
comes from the Atlantic it takes 3
hours in travelling from Silleiro
Buoy to Vigo.

And 3-5 hours later, the Ekman

transport will be driving the
residual circulation of the ria.

There are 6-8 hours of lag between
remote winds and residual currents!!
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1. The analysis of long time series reinforces
the idea of residual circulation as a
bidirectional flow driven by coastal
upwelling.
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1. The analysis of long time series reinforces
the idea of residual circulation as a
bidirectional flow driven by coastal
upwelling.

2. The Ria de Vigo response to coastal
upwelling is quite rapid:

* Injust 6-8 hours the Ria is feeling the remote
wind effects.

* But the response through the local wind is felt
some 3-5 hours before.
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If the Ria de Vigo is so influenced by Coastal Upwelling
then:

s it a partially mixed estuary?
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Dataset

Meteo
Finisterre St
Vigo Airport St
Bouzas St

Air temperature
Relative humidity

Wind velocity

Cloudiness ¢

Rainfall Finisterre St.
Hydrography

El, E2, E3, E4

Temperature

Salinity

Pressure
Currents

EF and E3

HF Radar, ADCP
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Processing P

18

Dataset

42°N|

15.00'
Airpo:t St.
12'F
Seasonal fit (least squares):
2. 2.1
Var=A0+A2-cos< +F1)+A2-cos( +F2) o} 5 10 km ]
T, T, : . \

two layer

non-steady

Volume, temperature and salt
conservation

weighted least squares solution
E4 E3 E2

Stratification ,Anomaly of Potential Energy (APE, @)
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Processing

Adimensional

Numbers
csic %
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1. Hansen & Rattray

Hansen, D. V., and M. J. Rattray (1966), New
dimensions in estuary classification, Limnology
and Oceanography, 11(3), 319-326.

/~ Stratification Parameter

A,S
So

Circulation Parameter
uS
Uy

Geyer, W. R., and P. MacCready (2014), The
Estuarine Circulation, Annu. Rev. Fluid Mech.,
46(1), 175-197.

2. Geyer & MacCready <
S

Froude Freshwater Number
Uy

Vv9'-H

Mixing Number

F?"f =
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Results
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Results
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Results
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Results
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Results
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Results
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Results
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Conclusions

As with many estuaries, it is difficult to define the estuarine classification
of the Ria de Vigo, even on seasonal time scales.

In summer, salinity is not the best proxy for estimating the stratification
and mixing seasonal cycles of the ria.

Upwelling modulations must be taken into account on the seasonal
cycles of stratification and mixing to obtain a sounded estuarine

classification of the ria.

The most probable circulation regimes are those falling between time-
dependent salt-wedge and bay-fjord, i.e partially mixed estuary
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Current & future research lines

Mainly second order forcings of residual circulation:

Vertical (turbulent) mixing

Modulation of tidal cycles of turbulent dissipation by coastal upwelling (Bieto et al., 2018)
Change of vertical M, ellipticity as proxy for stratification (in prep.)

Waves

Stokes transport contribution to residual currents (in prep.)
Influence of waves induced turbulence (bottom)

Lagrangian description
Ready to release 50 GPS/GPRS drifters in the ria
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One of the Véfif;ﬁrst _(_)b‘_sierving Systems
Lethbridge Diving Machine 1715

P .
'-'s',»" b



One of the best-ever-observing systems
L’EXPLORE 2019




9. Barotropic bidirectional flow theory Barotropic bidirectional flow

eFormer conclusions drive to the Barotropic bidirectional flow forced by remote wind of
Gilcoto et. al. 2007

*\We can compere it with the standard hypothesis of unidirectional flow for shallow
estuaries of Garvine, 1985

Garvine, R.W., 1985. A simple model of estuarine subtidal fluctations forced by local
and remote wind stress. Journal of Geophysical Research 90 (C6), 11945-11948.




9. Barotropic bidirectional flow theory Barotropic bidirectional flow

Unidirectional flow under an upwelling event

Ekman
Transport

Standard hypothesis, Garvine 1985




9. Barotropic bidirectional flow theory Barotropic bidirectional flow

Unidirectional flow under a downwelling event

Ekman
Transport

Standard hypothesis




9. Barotropic bidirectional flow theory Barotropic bidirectional flow

Bidirectional flow under an upwelling event

Ekman
Transport

Compensational
Transport

Bidirectional hypothesis, Gilcoto et al. 2007




9. Barotropic bidirectional flow theory

Barotropic bidirectional flow

Bidirectional flow under a downwelling event

Ekman
Transport

Compensationa
Transport

Bidirectional hypothesis, Gilcoto et al. 2007
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