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OOM — OCEANIC OBSERVATORY OF MADEIRA

Regional Consortium

Cooperation

Optimization of resources

Obse rvatério Research & monitoring

Oceanico |
da Madeira 2 Data in a common platform:

oom.arditi.pt
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PROJECT OOM: M1420-01-0145-FEDER-000001

The strategy...
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The Team: Modeling & Forecasting
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FORECASTING SYSTEMS




Motivation: Persistent tragic events...

November 2012 => Claimed +1M €

|

* Heavy rains
* Mud slides
e (Coastal floods

February 2010 => Claimed +70 lives

Accurate forecasts are essential |
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Forecasting started in 2008...

Uncoupled systems @ http://wakes.uma.pt

Meteo: GFS => MMS5 (54,18,6,2 km)

Island Wakes

Geophysical Fluid Dynamics

Ocean: MERCATOR (NEMO) + GFS

Island

Wakes

Geophysical Fluid Dynamics

Hello, good afternoon and welcome to Island Wakes webpage.
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Operational Forecasting Systems

3 separate numerical components
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Products: Printable weather forecasts
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Madeira 9 July 2010

METS_Channel 01_20100709T06:12

Courtesy of Akos Horvath

Meteosat-9, IR108 channel
vortex shedding frequency: 4-5 hrs



Madeira 30 Abril 2007

Courtesy of Akos Horvath

Meteosat-9, IR108 channel
vortex shedding frequency: 4-5 hrs
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Observed Impact on Ocean SST
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In situ measurements of warm (SST) wake
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Challenges of building an operational ocean forecasting system for small island
regions: regional to local

Rui Caldeira®™® ©, Xavier Couvelard®® ©, Rui Vieira® ©, Carlos Lucas® @, Iria Sala® @ and Ignasi Vallés Casanova®

0.5 CIMAR - Interdisciplinary Centre of Marine and Environmental Research, Porto, Portugal; "CCM - Centro de Ciéncias Matemiticas,
Universidade da Madeira, Funchal, Portugal; “ClIMAR-Madeira — Centro Interdisciplinar de Investigagio Marinha e Ambiental da Madeira,
Funchal, Portugal; “LOPS - Laboratoire d’'Océanagraphie Physique et Spatiale, UMR 6523, CNRS-IFREMER-IRD-UBO, Centre Ifremer de Brest,
0 Plouzané, France

ABSTRACT ARTICLE HISTORY
-0.5 An ocean circulation forecasting medel for the Madeira Archipelago is operational since May 2010. Received 24 March 2015
Developing a forecasting system for a small island oceanic region, deprived from in-sity ~ Accepted 17 June 2016
observations, is a challenging task since there are limited ways to wvalidate predictions.
=1 Furthermore, model resolution concurrent with insufficient computational power, locally
available, are other limiting factors to consider. Regional models combined with the possibility to
downscale solutions onto a higher resolution island-scale model is a way to overcome some of
1.5 such limitations. Nevertheless, generalised regional models must be able to accurately represent
. the far-field and transport important features such as meddies onto the local systems; while
island-scale models must have sufficient grid resolution as well as adequate physics and
- 2 accurate atmospheric forcing to resolve the near-field phenomena. An island-induced cyclonic
o o o o o 0 0 o > eddy event was successfully observed and forecasted with the current approach (regional-local).
19°W 18.5°W 18°W 17.5°W 17°W 16.5°W 16°W 15.5°W 15°W 14.5°W Generalised single (regional) model initiatives will prove to be insufficient to deal with mesoscale
dynamic systems, islands and seamounts are important generators of mesoscale features in the
ME Atlantic, with basin scale implications. The forecasting systems of the future should also
consider upscaling valid local (island-scale) solutions onto Regional and/or Global models.
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Research Agenda

- Understand different wake regimes i.e. vortex shedding /
lee waves;

- Impacts of the atmospheric wakes on ocean wakes I.e.
momentum & thermodynamics;

- Evolution of lee oceanic eddies;

- Ongoing / future work ...
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Perturbing geophysical fluids

— Regime of Unseparated Flow

A Fixed Pair of Foppl Vortices
in Wake

Two Regimes in which Vortex
Street is Laminar

‘Iransition Range to Turbulence
in Vortex

Vortex Street is Fully Turbulent

Laminar Boundary Layer has
Undergone Turbulent Transition
and Wake is Narrower and
Disorganized

Re-establishment of Turbulent
Vortex Street

Regimes of fuid flow across smooth circular evlinders (Licnhard, 1966),




SST/MODIS 12-Sept-2006

33.5 .-. T T T T T T T
e 25
33 'ﬁi vl
24
23
325 \\ !
22
32 :. . 1 | Al 21
341 341.5 342 342.5 343.5 344 344.5 345
CHL/MODIS 12-Sept-2006 (log10-scale)
33.5 - T . . -0.8
- -~
-0.9
33
-1
& -1.1
L ey
32.5 g N
-1.2
-1.3

32 L ; ;
341 341.5 342 342.5 343 343.5 345



Depth (m)

kb

Complex geophysical wake flows

Rui Miguel A. Caldeira & Pablo Sangra

Theoretical, Computational and
Observational Oceanography

ISSN 1616-7341
Volume 62
Number 5

Ocean Dynamics (2012) 62:683-700
DOI 10.1007/510236-012-05286

Ocean Dynamics
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Observationst
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Laboratory Studies
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Etling, 1989 Wake Response to an Ocean-Feedback
Mechanism: Madeira Island Case Study
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3Atmospheric Wake of Madeira: First Aerial Observations and Numerical Simulations

VANDA GRUBISIC*

National Center for Atmospheric Research,”™ Boulder, Colorado

JOHANNES SACHSPERGER

Dep of logy and Geophysics, University of Vienna, Vienna, Austria

Rui M. A. CALDEIRA

Interdisciplinary Center of Marine and Environmental Research (CIIMAR), and Center for Mathematical
Sciences (CCM), University of Madeira, Funchal, Madeira, Portugal

(Manuscript received 31 August 2014, in final form 10 August 2015)

ABSTRACT

The island of Madeira is well known for giving rise to atmospheric wakes. Strong and unsteady atmospheric
wakes, resembling a von Kdrman vortex street, are frequently observed in satellite images leeward of Ma-
deira, especially during summer months, when conditions favoring the formation of atmospheric wakes occur
frequently under the influence of the Azores high.

Reported here is the analysis of the first airborne measurements of Madeira’s wake collected during the
2010 Island-induced Wake (I-WAKE) campaign. High-resolution in situ and remote sensing data were col-
lected in the -ZWAKE by a research aircraft. The measurements reveal distinctive wake signatures, including
strong lateral wind shear zones and warm and dry eddies downwind of the island. A strong anticorrelation of
the horizontal wind speed and sea surface temperature (SST) was found within the wake.

High-resolution numerical simulations with the Weather Research and Forecasting (WRF) Model were
used to study the dynamics of the wake generation and its temporal evolution. The comparison of the model
results and observations reveals a remarkable fidelity of the simulated wake features within the marine
boundary layer (MBL). Strong potential vorticity (PV) anomalies were found in the simulated MBL wake,
emanating from the flanks of the island. The response of the wake formation within the MBL to surface

friction and enhanced thermal forcing is explored through the model sensitivity analyses.

1. Introduction

Atmospheric wakes leeward of isolated mountainous
islands represent a zone of momentum deficit in strati-
fied flow past isolated obstacles. The wakes are expected

3 Denotes Open Access content.

* Additional affiliation: Department of Meteorology and Geo-
physics, University of Vienna, Vienna, Austria.

" The National Center for Atmospheric Research is sponsored
by the National Science Foundation.

Corresponding author address: Vanda Grubisi¢, EOL, NCAR,
P.O. Box 3000, Boulder, CO 80307.
E-mail: grubisic@ucar.edu

DOI: 10.1175/JAS-D-14-0251.1

© 2015 American Meteoroloeical Societv

to be most distinctive in regions of sustained unidi-
rectional winds in the presence of a strong marine
boundary layer (MBL) inversion, lying at or below the
mountain-top height. Such conditions prevail during
summer months in the subtropical eastern Atlantic and
provide key ingredients for the formation of atmo-
spheric wakes generated by both the island of Madeira
and the Canary Islands (Chopra and Hubert 1965;
Zimmermann 1969). Madeira’s wake was among the
first to be identified in satellite imagery and docu-
mented in scientific literature (e.g., Hubert and
Krueger 1962; Scorer 1986) owing to cloud formations
within the subtropical stratus cover making the meso-
scale flow structures within the wake easily identifiable
(Fig. 1).

The first in situ observations within an atmospheric
wake were collected during an airborne field campaign
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Dynamics of Atmospheres

Wind mediated vorticity-generation and
eddy-confinement, leeward of the Madeira Island: 2008

numerical case study

X. Couvelard =, RM.A. Caldeira™2, LB. Aradjo®, R. Tomécd

* OCM - Center for Marhematical Sciences, Universidede da Madeiro, Portugal
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ARTICLE INFO ABSTRACT
Article histary: " This study assesses the influence of the atmospheric wind-wake
Received 28 February 2012 of the Madeira Island on oceanic-eddy generation. Ocean surface

Received in revised form 12 Septernber
2012
Accepted 24 September 2012

Available online oo

Wind-walke
Oceanic wake
Eddy containment

wind fields derived from the QuikSCAT scatletomeler were com-
pared to the Weather Research and Forecast [WRF) modeled winds
at Bkm resolution. The main difference between the two wind
products is found southwest of Madeira where QuikSCAT'S spa-
tial resolution [0.5°] does not resolve the near-feld atmespheric
Keywords! wake dynamics. Nevertheless, high resolution wind extracted from
ENVISAT Advanced Synthetic Aperture Radar (ASAR) confirms that
WRF 15 able to realistically reproduce the island-induced wind-
Madeira lsland wake, The Regional Oceanic Modeling System (ROMS) was used
to simulate the oceanic effects of the wind-wake. A “no-wind-
wake" case was simulated with ROMS using the QuikSCAT wind,
whereas the WRF wind was used for an island-induced wind-wake
simulation. Oceanic surface kinetic energy and vorticity are found
to inerease during the summer months concurmently with strong
wind-wake episodes resolved by WRFE. The downstream propa-
gation of this oreanic vorticity, as a result of the shedding of the
leeward eddies, was captured with an eddy tracking algorithm. In
the initial stage, the oceanic leeward eddy cornidor was delimited
by the zonal wind-shear, This study suggests that the wind-wake
is the main contributor to the generation and containment of the
oceanic eddies in the lee of the Madeira Island.

@ 2012 Elsevier BY. All rights reserved.
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Abstract Island wakes are areas of a strong eddy activity influencing the availability and transport of
organic matter in the ocean which, in turn impact biological productivity. Despite this, eddy formation in
the lee of North Atlantic tropical islands is scarcely documented, except for the Canary Islands. Moreover,
the occurrence of anticyclones leeward of Madeira has seldom been detected. During the summer of 2011,
a multiplatform approach, combining satellite data with in situ measurements, was used to study an anticy-
clonic eddy generated in the lee of the Madeira Island. The main objective was to confirm recent numerical
evidence suggesting that orographically perturbed winds can induce anticyclonic eddies leeward of
Madeira, particularly during summer months. The high resolution sampling of the eddy’s interior shows a
strong downwelling of ~100 m of the isopycnal layer below the mixed layer, typical of intrathermocline
eddies. The 25 km radius of this anticyclonic structure exceeds the local deformation radius by a factor of 2.
The vortex Rossby number remained moderate (Ro = 0.26) even if the relative core vorticity reached a finite
value ({/f = —0.7). The occurrence of strong trade winds (10-15 m s~ ') prior to the detection of the first sur-
face eddy signatures (July 2011) concurrent with opposite flowing geostrophic currents, shows that the oro-
graphic wind forcing is the main mechanism for generating this mesoscale long-lived eddy. After leaving
the shelter of the island, the eddy traveled northwesterly following a perpendicular net Ekman transport
pathway at a speed of 5 km/d, for at least 2 months. An interaction with a cyclonic partner generated in the
area helped precipitate the northward trajectory. This study presents the first clear evidence of a wind-
induced mesoscale anticyclone in the lee of Madeira.

1. Introduction

Island wakes are the location of a strong eddy activity, which have important biological consequences to the for-
mation and transport of organic matter. Cyclonic vortices bring nutrients from deeper-layers into the euphotic
zone, promoting biological growth [Hasegawa, 2004; Hasegawa et al., 2009], whereas anticyclones are known to
concentrate and transport biological matter in the upper thermocline over long distances [Mackas and Galbraith,
2002; Ladd et al, 2009; Jia et al, 2011]. Thus, cyclonic eddies have a cold core of upwelled water at the surface
while anticyclonic vortices are characterized by a warm surface signature [Aristegui et al, 1994; Caldeira et al,,
2002; Caldeira and Marchesiello, 2002]. Both cyclonic and anticyclonic eddies can be detected by altimetry data.
However, due to its coarser resolution (1/3°) the vortex detection from sea surface height anomalies are
restricted to large mesoscale eddies. Higher resolution is available on thermal sensors (up to 250 m for MODIS)
but due to intense solar radiation and clear skies a warm wake is omnipresent during the summer months lee-
ward of subtropical islands such as Madeira and Canaries. This phenomena could mask the high Sea Surface
Temperature (SST) signature characteristic of anticyclonic eddies [Caldeira et al,, 2002]. Hence, the remote sens-
ing detection of warm anticyclones in the near wake is probably less efficient than in the open ocean. Therefore,
in order to fully characterize island wake eddies it is necessary to perform a multiplatform survey, combining sat-
ellite products with in situ measurements supplemented by numerical and laboratory studies.

Several studies have sampled cyclones and anticyclones forming leeward of islands and archipelagos located
in the deep ocean [Sangra, 2005; Sangra et al, 2007; Hasegawa, 2004; Chavanne et al., 2010; Jia et al, 2011].
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-
Coupled Model (WRF<>ROMS => COAWST)

WRF options

0 cloud microphysics:
WREF Single-Moment 3-class scheme
I longwave radiation:
—1000 Rapid Radiative Transfer Model
shortwave radiation:
Dudhia scheme
surface layer:
Eta similarity scheme
{ -3000 planetary boundary layer:
Mellor-Yamada-Janjic scheme

grid 1: 3.km
grid 2: 1 km
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Coastal — Urban Impacts

Mountain < Sea breezes

Mesoscale WRF-LES Setup 1 (300M)
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WRF-LES Setup 2 (100M)
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-
Sea breeze generation

- WRF-LES with surface heat fluxes (on/off);
- Predominant wind is from north, representing N-S wind (V) component.
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