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CESAM Associated Laboratory of the University of Aveiro
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At the Fhysics Departament of UA all atmospheric modellig studies, for weather or climatological

purposes, has been based on WRF modelling system.

We also colaborate with colleagues working in oceanography and running the ROMS model

Previsao para esta manha

s )
Aveiro l

O ClimauUA
Previsoes |locais: Continente | Acores | Madeira Previsoes de Campos: Meteorclogicos | Agitacao Maritima | Oceanograficos | Outros
Continente . ro :
_ Previsdao do tempo para esta manha viara dogg, fE -
c ted LB H £
Casteln i 10 Sraganc
Braga
Aveiro
| « f
—— Wila Rea
Beja % L
F'f-.:.l_CEI ot ;'r;l: das Figres 13 ;
Braganca g e i
& B



Examples of studies performed at the Physics Department & CESAM - UA

From international cooperation

Can be performed by public and private
organizations at a national level



Sensitivity of near surface forecasts to the WRF-ARW initialization versus domain
configuration

Tiago Luna, José M Castanheira, Alfredo Rocha
Centre for Environmental and Marine Sciences (CESAM), University of Aveiro, Department of Physics, Portugal

Objective

* Assessment of WRF-ARW sensitivity to
domain configuration

* Reducing WRF-ARW spin-up time

Model Setup
Daily simulations for 60h forecast

Different methods of initialization

®  Portugal mainland is simulated
using two domains configurations:

®  OP (operational domain)
® OP(D1) = 25 km (parent)

B | (D2)= 5km (nested)
Bondary

Initial Crs Type of
Method Condition Co?él(l)ll::;)ns Initialization = BD (big domain)
1 GFS GFS COLD " BD(D1) = 25 km (parent)
" | (D2)= 5
2 GFS GFS (0-3h,0-
60h)




Initialization Methodology

WRF Forecast

WRF Forecast

with grid-nudging

....................................... WRF Forecast




Forecast errors
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Forecast errors

® 17 - 31 August 2010 ( 12h UTC)
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Role of cloud microphysics and spatial resolution in precipitation simulation during an
atmospheric river event in Portugal

Rui Silva and Irina Gorodetskaya
Centre for Environmental and Marine Sciences (CESAM), University of Aveiro, Department of Physics, Portugal
(ruipedrosilva@ua.pt; irina.gorodetskaya@ua.pt)

Model Setup NI wd” " Objective

Event: Gong storm (19 January 2013), associated atmospheric river (AR) | =" 77 | T ay Testing the sensitivity of the modelled
Forcing data: ERA-Interim reanalysis at 0.75 x 0.75° (=81 km) L T et i =] precipitation using different cloud

Model: WRF v3.9 i T _ [ “* microphysics schemes and domain
Simulation period: 16/01/2013 at 18 UTC - 20/01/2013 at 00 UTC A | _' ' resolutions for an intense precipitation
Downscaling approach: 27km - 9 km - 3 km (one-way nesting) e _ A . event associated with an atmospheric river

2" cyclone (Gong)
PhYSICS Ophons 1t cyclone (17/01/2013 at 18 UTC) 19/01/2013 at 00 UTC

Dudhla shortwave radiation N ST
Py | _._::|::.-'_ _\_r._-?r' ':.-"":_.:' ':.|11 ':. .'._;_-'J-\.I.ﬂ-
front with Sl s )

*  MM5 similarity
* Yonsei University (YSU) boundary layer
* Kain-Fritsch cumulus scheme

(turned off in the 3 km domain) SZheme classes  Wshb Thompson  Morrison

single warm
front

* Cloud microphysics schemes: arer vapor e e e
- WSMé6 (one-moment), Cloed Liguid walen o o m.i;
- Thompson (tWO-moment), Hin wiater il fif.!. L vl R A
. Qi i o ool ool e, N8
- Morrison (two-moment) :
Ice RN (TR WA
s [ T (g ML

Table: Prognostic variables for each scheme: mixing ratio (m.r.) and number concentration (n.c.).



Fields of 3-hourly accumulated precipitation at peak 2
Tatal Precipitation, L9JAN2OLY B3
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* Higher precipitation values in regions of high
topography, due to orographic enhancement of
precipitation and higher terrain detail;

* High resolution simulations are very important to
detect local precipitation extremes;

* Single-moment WSMé6 scheme produces higher
extreme values.

* Comparison to EOBS (25-km resolution) shows best
performance for Morrison scheme

Selected results

3-hourly accumulated precipitation averaged over the
3 km domain (time evolution) for different model
resolution runs (27, 9, 3-km)
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* Domain resolution has more influence on the total
amount of precipitation predicted than the cloud
microphysics scheme.

Alritode [lemi

Hydrometeors water paths averaged over the 3 km
domain (19-JAN-2013 between 00 and 03 UTC)
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*  All the schemes have similar profiles of liquid
water (cloud + rain water);

*  Bigger differences are in the solid phase
hydrometeors, with the WSMé producing less
snow and ice than the other schemes;

*  On the other hand, the WSMé6 produces more
graupel.

R. Silva and I. Gorodetskaya, Role of cloud microphysics and spatial resolution in precipitation simulation during an
atmospheric river event in Portugal, to be submitted to Weather and Climate Extremes.



ASSESSING THE ROLE OF ATMOSPHERIC RIVERS IN ARCTIC PRECIPITATION IN PRESENT

AND FUTURE CLIMATE
Carolina Viceto', Susanne Crewell?>, Annette Rinke®, Alfredo Rocha® and Irina Gorodetskaya*

'Department of Physics and CESAM, University of Aveiro, Aveiro, Portugal; *Institute for Geophysics and Meteorology, University of Cologne, Cologne, Germany;
*Alfred Wegener Institute, Helmholtz Centre for Polar & Marine Research, Potsdam, Germany

Contact: carolinaviceto@ua.pt, irinagorodetskaya@ua.pt . o
. ] . Analysis of 29-30 May atmospheric river
Two atmospheric rivers detected during ACLOUD campaign . -24hours Atmospheric river reaching Ny-Alesund
in Svalbard, Norway (May 22 - June 28, 2017) p7 ‘ : 8
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FOG SIMULATION IN THE NORTH COST OF PORTUGAL

Martin Senande?, Pedro Serpa?, Martinho Marta-Almeida2, and José M Castanheira’

'Department of Physics and CESAM, University of Aveiro, Aveiro, Portugal;
University of Vigo, Vigo, Spain;

a) Frenguinsi rnensal i hesoin b) Frengquird rnensal das rrciug de svenlos de neeosing

a) Hourly frequency of fog observations and b) hourly frequency of initiation of fog events at the airport Francisco de
Sa Carneiro (Porto), as calculated from METAR data for the period 2004-2017.

The blank lines represent the sunrise and the sunset.
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2. METHODOLOGIES

Model

Weather Research and Forecasting (WRF)

Boundary and initial conditions:
ERA-Interim (ECMWF)

WRF nested domain setup

RTG NOAA —

D01 T
Grid distance: oa J\ T
27 km (DO1) e f/
9 km (D02) ! oo
3 km (DO3) : }/JJ

/\._.A_/’
- ,/
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2. METHODOLOGIES

lests
o REF MP2 MP3
F’mu;:::z:h;:s el Microphvsics W5M6  Thompson  Morrison
- di;:i; Shortwave r::],d:mt%{;-u Dudhia Dudhia Dudhia
ontiory iaver Longwave radiation RRTI}-’[ RBT}-I RI'{iJfl-I
Planetary boundary layer | YSU YSU YSU
Surface layer | MM5 MM5 MM5

SST tests



2. METHODOLOGIES

Tests

Parametrization tests

NVhcrophvsices
Microphysics DAL

Shortwave radiation
Longwave radiation
Planetary boundary layer
Surface layer

Radiation

Boundary layer

SST tests

REF RA2 RA3

WSM6 WSM6  WSM6
‘Dudhia CAM RRTMG |
'RRTM  CAM  RRTMG

YsU YSU YSU
MM5 MM5 MNMS



2. METHODOLOGIES

Tests

p iseiion Yadi REF BL2 BL3

Pt e Microphysics | WSM6  WSM6  WSMG
Radiat Shortwave radiation | Dudhia Dudhia Dudhia

adiation R
Boundery laver Longwave radiation H.]?T}-'T RRTM H_'R:Tlfl
Planetary boundary layer | YSU QNSE MYNN 2.5
Surface layer | MM5  QNSE MYNN

SST tests



2. METHODOLOGIES

Tests

Parametrization tests
Microphysics
Radiation

Boundary layer

Combined categories

SST tests

Microphysics

Shortwave radiation
Longwave radiation
Planctary boundary layer
Surface layer

PAR1  PAR2 PAR3 PAR4 PAR5 PARG PART
' |MP | WSM6 WSM6 [ MP| WSM6 |MP | [MP |
Dudhia | RA Dudhia RA "RA | Dudhia RA
RRTM | RA/ RRTM | RA| |RA | RRTM | RA
YSU YSU [ BL YSU BL "BL | | BL
MM5  MM5 BL MM5 | BL BL BL




2. METHODOLOGIES

Tests

Parametrization tests
Microphysics
Radiation
Boundary layer
Combined categories

SST tests
SST sensitivity test

Sea Surface Tempearature Differance
Artificial Aromaly - NOAS
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3. RESULTS

Parametrization tests

Ve sl » Small differences

Big differences
CAM more humid (e.g.
NEV2)

Radiation
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Boundary
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3. RESULTS

Parametrization tests
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3. RESULTS

SST tests

* SST sensifivity test
Small differences

Anomaly increase LWC

Anomaly decrease T2m
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Figure 9): Wind results for different 88T boundary conditions amd olservations for event
NEV3 on Pedras Rubras station.



4, CONCLUSIONS

Parametrization sets

* Radiation and boundary layer parametrizations are more
relevant than microphysics

* CAM/MYNN set is the most accurate in terms of RH

SST influence

* Fog simulation with WRF is more sensitive to physical
parametrizations than SST boundary conditions

Formation

* Fog can be formed in the surface or from upper levels

* Parametrization’s response depends on the formation process



Simulation of far wake effects generated by offshore wind farms using the WRF model: The
Horns Rev test case

Pedro Correial2and José M Castanheira®

'Department of Physics and CESAM, University of Aveiro, Aveiro, Portugal;
2 CENER - National Renewable Energy Centre, Spain;

Photograph by CHRISTIAN STEINESS
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(a) Inst./planned/under construction wind farms (b) Installed wind power

capacity by Sea basin

Figure 1.1.3: Offshore wind farm locations in the North Sea region (left). The installed and
fully operational wind farms appear represented with the color green, under construction wind
farms are shown in yellow, authorized for construction in red and the concept/early planning
projects are shown in pink. The figure in the right indicates the areas with higher installed wind

power capacity.



Horns Rev and M2,M6 and M7
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Figure 4.1.1: Locations of Horns Rev 1 (red), 2 (blue) and masts (M2, M6 and M7)



Power(kW) at HR1 wind farm

@ ¢ @ ¢ 3% @ @t @ @ @
55 50°N- @ o @ P — o & o @ @
¢ ¢ & O v & ¢ & @
v ¢ O @O = & & @ - @
¢ o & & © T & & > @
o O & e ¢ ¢ e é° @& @
¢ o ¢ 7 @& ¢ & v F @

® & & ¢ ¢ - & @O & @

7.80°E 7.84°F 7.88°E
longitude

Power(kW) @ 1100 . 115“.1200 Power(kW) = (000 1050 100 1160 1200

latitude

55.48°N-

Figure 5.3.1: Mean wind power(kW) in all wind turbines at the HR1 wind farm from Sim1.



And more...

Thank you!
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