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Small archipelagos — common issues — Climate everywhere!

Small islands, large territories:

Limited natural resource base, high competition between land use, intensity of land-use, immediacy of
interdependence in human and environment systems, spatial dispertion of productive assets,
multiplication of infrastructure and services;

Insularity and remoteness:
High external transport dependence, time delays and high costs in accessing external goods, delays and
reduced quality in information flows;

Environmental factors
Pressure over land, water resources and biodiversity, large coastal and oceanic zones to manage,;

Disaster vulnerability and mitigation capability:
High exposure to environmental hazards, limited hazard forecasting ability, territorial discontinuity and
limited mobility;

Demographic factors:
Limited human resource base, large assimetries on the population concentration, pressure over coastal
zone, high per capita costs for infrastructure and services

Economic factors:
Small economies, dependence on external finance and goods, small internal market, dependence on
natural resources, highly specialisation production, limited mobility;
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CLIMAAT - Main Motivations:

Operational:
sspecific needs and requirements on detailed climatic information, weather and sea state
forecasting, with implications on the territory and resources management, economy,
infrastructures and safety;

eoperational data in real time.

Strategic:
eplanning with climate;
«climate as a resource;
«climate change, mitigation and adaptation.

Scientific:
speculiarities of climate and weather mechanisms of the islands that distinguish them from
continents;

especific needs on new methodologies to fit the requirements and scale of application to
the different sectors of applied meteorology and climatology (environment, agriculture,
hydrology, tourism, transports, fisheries, safety, etc.).

sa very good location for climatic and meteorological studies in the middle of an open
space of utmost importance for the global climate;
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CLIMAAT
Tasks:

(improving methodologies better adapted to the reality and environment of the atlantic islands)

T1-
T2 -
T3 -
T4 -
T5 -
T6 -

Downscaling weather and sea state forecasting (numerical models);
Islands Climatology & Hidrology (better physical models);

Climate Change & Environment (mitigation and adaptation);

Chemistry and Physics of the Atmosphere (transatlantic circulation);
Instrumental Meteorology and Meteo-oceanography (operational needs)
Public and free dissimination of information (web page and media)
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T1 - Downscaling weather and sea state forecasting (regional models);

Geographe
inkiTele Atlas
10-Tele Atlas
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Weather forecasting — Acores (MM5 and WRF, two times a day)
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Weather forecasting — Madeira (MM5, two times a day)
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Weather forecasting — Canarias (MM5
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Weather forecasting — Cabo Verde (MM5, valldatlon process)
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T2 - Islands Climatology & Hidrology (detailed physical models);

Simulation of local climate in islands environments

CIELO model (Clima Insular a Escala LOcal)
(Azevedo, 1996; Azevedo et al. 1998; Azevedo et al. 1999,a,b; Azevedo et al, 2003; Santos et al., 2004)

Some helpful contribution from
numerical modelling is used in order to
bridge the gap between local scale
processes (which are in the origin of
the local scale meteorology and spatial
climate differentiation), and the
external forcing regime, that is driven
by the atmospheric synoptic conditions
or by the regional scale climate.

r = razao de mistura do vapor de agua

r(1) r(2) =r(1) r(5) = r(1)
: W

r(2)<r(1) ! ! '
' q@P0  g>0 ! 5
qkl) 0 a@) = 9/\ a@ =0 dE) =0

q: razéo de mistura da agualcondensada pdr efeitos orograflcos
1

........................

------------------- 7 :p ptc

progresséo do modelo ao longo de X = fronteira conceptual !

Rr- precipitacdo regional; Ror- precipitagdo orografica; C- condensacéo;
E - evaporacéo; X-progressdo do modelo de acordo com o sentido da circulagéo atm.;
r- razdo de mistura (vapor de &gua); gl- razdo de mistura (4gua liquida em suspenséo);
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Universidade dos Acgores
Itha do Pico
Precipitagio acumulada (mm)

Modelo CIELO

Legenda:
Pracipmicla
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Climatology & Hydrology
Water balances and water management
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Islands Climatology & Hydrology — on-line applications and data dissemination
CIELO model (Clima Insular a Escala LOcal)

A Modelo CIELO - Microsoft Internet Explorer == x
File Edit ‘iew Favorites Tools  Help | 1','
-6 - e | @ -7 j - ] - 2
G Back s |£| \ELI | Search ‘:,\.\/ Favorites {‘3 = _] ‘i

Address I@L] hittp: fhemen, climaat  angra, uac. ptciglo j =Y Go | Links '@ -

Flores Conva Inicia

i s e

B2A(000] 2= 2| A | b | 0| 20 BB |0
Qo |41 || B | |4 | 3| L 5| 9

I I T

®

Dace carteq dfica gentilmente sedida pele K EJE
PRECImm] | RH_MINSa] | RH_MAK[%) [T_MIN{PC) | T_mAX(°C) | T_MED(C)
12312 25 o7 118 18,2 14
148

1202

a1 a7 105

0

127

1312 a3 =b]
134 20 94

4.4 12,2

139 18,2 16

Pesquisar

@ [ [ [ | [ mntemet
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T3 - Climate Change & Environment;

CIELO Methodology applied to global change projects

PI’OjECt SIAM - climate Change in Portugal,
Scenarios, Impacts and Adaptation Measures

tmin A2DJF ' h tmin B2 DJF

Y
a omm Skm 10km

S
S
3

1 12 14 18 18 2 22

|
Okm  Skm  10km

tmax A2 JJA

tmax B2 JUA

allome
Okm  5km 10km

L _EEEEEReS

1 12 14 16 18 2 22 °C

Okm  5km  10km
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T4 - Chemistry and Physics of the Atmosphere;
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- Instrumental meteorology and meteo

T5

CLIMA E METEOROLOGIA DOS ARQUIPE

CLIMAAT
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Instrumental meteorology and meteo-oceanography - CLIMAATAZzores network

@ Lajes das Flores

@ Graclosa

. @ Praia da Vitdria
* @Faial / P : :

Copyright £ 2008

® Pon ada

L ] I.J'II! 50 Porto

Ver Arquipelago
Dados da Estacdo

Codigo: ooo2
Localizacdo: P o Pr".af_ia’lz!a

itoria
Entidade: CLIMAAT
Latitude: 389 42' 42"
Longitude: 270 03' 08"
Altitude(m): 10

20.5

Localizacdo

Fontinhas

—
¥

Fraia da Vildria
"lchbe dp prais
Fanis do Bastatdo

Dados em tempo real - Utimo registo

Data do registo: 06/07/2010 00:07:30
Temperatura do ar 20.5 °C
Direcgdo do vento 43 o
Radiacdo solar difusa 234.43 w/m2
Radiacdo solar global 234,43 w/m2

Data do registo:

Dados Horarios - Ultima leitura horaria:

05/07/2010 23:59:36|Grafico

Temperatura média do ar

20.8 °C| Ver =

Integral da radiacdo solar difusa

844 Kj/m2 hora| Wwer=®

Integral da radiagdo solar global

844 Kj/m2 hora| WVer=

Media vectorial da direcgdo do vento

47 ©
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Ponta Delgada - Béia Bond 2

5 GOV.PT
dos Agores

Boia: Ponta Delgada
Posicio: 37 43.53N/025 43.28W
=== - 'Dia Hora Fuso ((TU): 21-09-2010 23:19
ﬁ’qu.,,, = _mﬂ IDia Hora Local: 21-09-2010 23:19

1.21m

Boias Onddgrafo - Acores

2 mn Fcrmn

B Praa da Ybie :I'_-‘_' ':- : -j : 131 i - 1=53 m

125s

22.7°C

LI nb:- Poito

Resumo de dados

Escolha do Argquipélago

FLORES
39 _21.86NN/31_10.00W
21-09-2010 22:39

Inicio - Parceiros Produtcs CLIMAAT - Dados On-line - Eguipamentos - Cooperagdo - Contactos - Noticias e Eventos - LigagBes de Interesse
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CLIMAAT o CLIMACOET

INTERRESG IHI @
Agarss, Madsirs s Camdriss
MAC ¢ 2.3 1 A3
03 | MAC /2.3 | AS

OE/MACTE. BIAA

AZORES.GOV.PT
Governo dos Agores

Boias Ondografo - Acores
;.

Resumo de dados

Escolha do Arquipélago

Inicio - Parceiros

s j:'-'.-

Ponta Garga
LFLWIRL St 0 £ 20

Ponta Delgada

37 43.53NM025 4328W

[Dia Hora Fuso (TU): 21092010 23:19
iz 21092010 23:19
Altura Sipnificativa (Hz): 121 m
Altura maxima (Hmax): 1.63m
eriodo Mhigdio: 16s
eriodo MMamimo Observado: 125s
eriodo Onda de Altura hax - Gds
irecgio da Apitacio: 276"

1n7°C

Temperatura da dgua a superficie:

——

4 Alturals) da Soitagso Martims (m)

1W

a

-23-22-21-20-19-1817 161514 15121110 -9 & -F -6 -5 4 -3 -2 -1

Periodo (=)

20
16
{5

&

S23-22-1-20-1815-17-16-15-14 13121110 -9 & ¥ 6 -3 -4 -3 -2 -1 0O

Direcgéo da Soitacdo Martima

S e e

Produtes CLIMAAT - Dados On-line - Equipamentos - Cooperagdo - Contactos - Noticias e Eventos - Ligagtes de Interesse

S23-22-M-20-1915-17-16-15-14-13 121110 -9 - ¥ 6 -3 4 -3 -2 -1 0O

5 €D Internet £ 100%
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New tecnologies of information

Lajes das Flores

k=

Ponta Delgada

Dados
Graciosa e ok AL
: : 300 (UTC)

Onda maxima: -
e Faial / Pico Periodo: 5 s
a L, Periodo da onda maxima:
e Periodo maximo: 10,
- Temperatura da Agu
Direcgao: 125°
Visualizar dados

v,
Fara aqui - & partir de aqui

FPonta Delgada

c'&vila do Porto

Data SI10O, NOAA, U.5S. Nawy, NGA, GEBCO

:-f.nﬁc'l'oogle

37"13'"18.64" N 27°04'42 41°'W elev Om Altitude de visualizagdo 636.29 km
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New tecnologies of information
Monitoring the position of the equipment

Data U.S. Navy Data U.S. Navy.

Iimage © 2000 Digita Globe @mu?Goog[em Image © 2009 DigitalGlobe mnnrcooglen

Pontelro 39:03'53.66° Nl 27°56'57.42"0 elev Om Fluxo [||]]|1]] 100% Altitude do ponto de visao 18.45 km [l Ponteiro 38°50'39:63" N|  27756!56.66" 0 elev. O0m Fluxo_[|||1]]]|1100% Altitude do ponto de visao 157.44 km




CLIMAAT

o .
y s
2.31A3 Iy

CLIMA E METEOROLOGIA DOS ARGUIP-E'I.&G lN.TIGDS

Direccéo do Vento
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Monitoring events of bad weather

AGITACAO MARITIMA BOND_4 (FAIAL/PICO) Agitag 3o Maritima BOND_4 (boia FaialPico)
(APRECIACAO GRAFICA SUMARIA)
PERICDO — atura signficaticalHs) s reyin (HvEs] perindo mede (TZ) —— parbds rn&m:-l'l"m]l

DE 21 DE DEZEMBRC DE 2009 A 3 DE JANEIRO DE 2010 e

ANGRA D0 HEROISMO, 4 DE JANEIRC DE 2010

HS HMAX TZ TMAX THMAX - H
Maximos observados 6.40 1207 13.10 24.20 18.80 g
Médias 312 4.69 5.0 15.00 10.78
E a
z
HS altura significativa (metros) - média do tergo mais elevado das E '§
alturas de onda de zero ascendents ] i
HMAX altura maxima (mefros) - altura maxima ocorrida no registo i
T2 periodo (segundos)
TMAX periodo (segundos) maximo ocomrido no registo
THMAX periodo (segundos) da onda maxima
THTP direcgdo da agitagdo (graus contados a partir do norte e no sentido

dos ponteiros do relogio)

y & % & ¥ % % & & ¥ ® & =2 &5 =
: 2 8 & § %2 2 £ %8 8 ¢ 2 3 3

dige (200572010

direcgio da agitagdo

350 "
- - -
s w ? L
I W
225 3 W
180 ]
135 EE
b E
5 HE
o 'w H
~ [ H ~ [ ~ ~ ~ ~ ~ ~ ; 5 E E
Ro% % & & & & 8% % & § 2 ¢ & 9
diac {20082010M
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6% Jornadas Portuguesas de Engenharia Costeira e Portuaria
Funchal, 8 e 9 de Outubro de 2009

0.0 |
Terceira
DADOS DIRECCIONAIS DE AGITACAO MARITIMA NOS AGORES R EE
(PROJECTO CLIMAAT-CLIMA E METEOROLOGIA DOS ARQUIPELAGOS ATLANTICOS) Flores
s
Rita Estevesﬂ, Andre Va!entez, Mariana Cos!at Francisco Re."sz, Eduardo Azevedo® -. 08 | e
! Instituto Hidrografico, Marinha Portuguesa 394 |
et 2 1
2 Centro do Clima, Meteorologia e Mudang¢as Globais da Universidade dos Acores /li.\“ s
rita.esteves@hidrografico.pt; mariana.costa@hidrografico.pt; 3.3 /% R | '
% e (] ‘x— et I
avalente@uac.pt; vieirareis@uac.pt; edubrito@uac.pt i

e na TR} Mz 34

#HA '? .3 -l rl r] 271 -2'n;.r- 2.8

Terceira 5. Miguel
2 12 T I T T 1 T T T T T
N i} " 10 Sao Miguel
g & 78 [ -
5 a g 8
H ;
] g 2 &
= 4 a
£ 4 g 4 2 A
S 2 2 3 a4 = % il
2 1 1 2 1 H
1 H B [ 1 H o | |
MW N | NE [BE] E [SSE] R [Toml w SE R | Toal £ —
Total| 8 | 4| 2 |1 12| Total| 11 1 3 15 7 =
=6 [N 1]z =6 1 1
m7E 1 1 m7a | 2 2
md7 | 2 2 (=Fard 2 2
mee | 2 | 1] 1 4 oss | @ 1 5 Wh L . | : el | L L : \
m45 2 3 i 1 Fi O 45 2 1 2 5 2.1 6.0 3.9 258 25.7 25.6 258 24 253 252 251

Figura 9 — Ocoméncia de temporais por classes de direcgdo e altura significativa maxima. Figura 6 — Distribuigio de frequéncia relativa de THTP nas Flores, Terceira e Sio Miguel
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Apllied climatology to other projects

Use of Spectral Remote Wave Data for
Wave Energy Resource Characterization

M. T. Pontes (1), E. Azevedo (2), M. Bruck (3), S. Lehener(3)

(1) IDMEC- IST.Pav. Turbomaquinas. Av. Rovisco Pais 1000-049 Lisboa. Portugal. teresa pontes/@ineti pt

(2) Centro do Clima, Meteorclogia e Mudancas Globais. Umiversidade dos Acores Polo Universitario de Angra do
Heroismo, 9751-018 Angra do Heroismo. Portugal
(3) DLR Oberpfaffenhofen Miinchner Strasse 20 82234 Germany

Fig. I: Zoom of the TSY ScanS4R image overlaid on Google
Earth map. Spotlight mode TSX data are framed by red boxes.

Abstract: Left: over directional Waverider deployed at the Faial — Pico
channel, and right: off the Pico Flant.

Remote sensed wave data are obtained regularly by altimeters and SARs on board of satellites since

1991 and mid-1990s, respectively. In addition to accurate significant wave height H. measured by 10 -

altimeters, sumple analvtical models that compute zero-crossing period T from altimeter have been :;g;f;::
proposed. This 15 essential information for wave energy exploitation. In this paper a summary of the 0.8 -

accuracy of H, and period parameters obtained from altimeter data are presented. From ocean surface ;‘: zii 21123'83*;
images obtained by Synthetic Aperture Radars (SARs) 2D wave spectra are obtained. In this paper 05

5*

wave spectral data obtained by ESA ENVISAT ASAR and by the TerraSAR-X SAR (TSX) are

presented. The TSX SpotLight mode data are used to illustrate the high spatial vanability of sea e
conditions in channels between 1slands of the central group of Azores archipelago.
02 A
Key words: waves, energy, resource, satellite, altimeter. SAR.
0o . . . . :
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Fig 2 — Comparison of TSX 1D frequency normalized spectrum
over the Faial-Pico buoy (blue) and buoy normalized spectrum
(red) on average wave condiiions
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Relevance of High Resolution Simulations
In Orographic Precipitation Forecast:
The Madeira Island Case

P.M.Miranda!, R.Tomé'-?, E.B.Azevedo?, M.Nogueira!, R.Cardoso?
1 CGUL-IDL, Lisbon University, Lisbon, Portugal
2 ICCMMG, Azores University, Angra do Heroismo, Terceira, Portugal
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1. Abstract

In the past years, we have kept working an MM5 operational 72h
forecast for Madeira Island, using GFS forecasts as initial and boundary
conditions. MMS5 used a nested domain with an inner resolution of 2

2. The 20 February flash flood

The operational Zkm MMS5 forecast showed indications of intense
accumulated precipitation, with more than 200mm/day in the
Areeiro mountain, peaking at 30mm/hour in Areeiro and at

km. The model was the only operational product that was able to
predict, 36 hours in advance, the extreme precipitation event of the
20th February that led to extensive flooding, landslides and dozens of
casualties. Unfortunately the forecast was not locked at by the forecast
people.

Results for this event, using the operational run and other simulations
with WRF 3 at resolutions down to 1 km, and with different
parameterization options, will be analyzed. The climatological
performance of the models (MMS and WRF) in climate mode is also
discussed, as a possible tool for regional downscaling in climate change
studies.

3. Synoptic Winds
Exceptional synoptic winds, with
a core around 20m/s, in the
Madeira region, imposing SS5W
sustained winds across the island
in a direction highly favorable for
orographic rain enhancement.

4, Structure of the precipitation field

20mmy/h in Funchal. Simulations and observations indicate that the
rainstorm covered most of the island, specially in the high ground
in the up slopes. However , MMS underestimated observed rain
rates and anticipated the peaks by 1 or 2 hours.

Precipitation at Funchal and Areeiro Peak . =
before and during the rainstorm, as |

observed and simulated by MMS5, WRF = =—==— = - e

and WRF with climatological 557s {all at - __ oo
2km resolution)

The WRF (version 3.2) simulations at 2km presented some improvements on MM5, with
a better match of the timing of the event and slightly higher, but still underestimated,
rain rates. The simulation precipitation fields indicate that the event was highly localized
on the topography but with interesting upstream and downstream (wake) effects. I

a) Cloud water distribution during the precipitation g *
peak at Areeiro, in the EW section =
b) Rain water during the precipitation peak at
Funchal (south coast), in SN section E

¢} Rain water during the precipitation peak at I 1 Et
Areeiro peak, in SN section B ——— SF= —_— e ="
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Inter projects cooperation

ARM project
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Inter projects cooperation
PICO-ONAIR project
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Exchange of knowledge and know how
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T6 - Public and free dissemination of information (web page and media)
www.climaat.angra.uac.pt
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T6 - Public and free dissemination of information
(daily information of weather as it can be seen — climaat/weathercams at TV)
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A very friendly cooperation from the population and from the professionals of the sea
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A very friendly and efficient cooperation from all the local
INTERRG_3B staff!

After all, proximity matter!
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