
Kona – Hawaii March 2007

OPTICAL TURBULENCE SIMULATIONSOPTICAL TURBULENCE SIMULATIONS
WITH MESOWITH MESO--SCALE MODELSSCALE MODELS

““ TOWARDS A NEW GROUNDTOWARDS A NEW GROUND--BASED BASED 
ASTRONOMY ERA ASTRONOMY ERA ””

Elena Elena MasciadriMasciadri
INAFINAF-- Osservatorio Osservatorio AstrofisicoAstrofisico didi Arcetri, ItalyArcetri, Italy

CN
2



Kona – Hawaii March 2007

1997 1997 -- 20072007

Avila RemyAvila Remy
AzouitAzouit MaxMax
BougeaultBougeault PhilippePhilippe
EgnerEgner SebastianSebastian
GarfiasGarfias TaniaTania
GeisslerGeissler KerstinKerstin
JabouilleJabouille PatrickPatrick
HagelinHagelin SusannaSusanna
LascauxLascaux FranckFranck
McKenna DanMcKenna Dan
Sanchez LeonardoSanchez Leonardo
StoeszStoesz JeffJeff
VerninVernin JeanJean

*

*

*

* FOROT TeamFOROT Team

3D 3D OOptical ptical TTurbulence urbulence ForForecasts above ecasts above 
Astronomical SitesAstronomical Sites

http://http://forot.arcetri.astro.itforot.arcetri.astro.it



Kona – Hawaii March 2007

OutlineOutline

MesoMeso--scale models challenges in Astronomyscale models challenges in Astronomy

Review Review ““mesoscalemesoscale simulationssimulations”” in astronomic fieldin astronomic field

ForOTForOT: an answer to the missing link between  : an answer to the missing link between  
astronomy/meteorology astronomy/meteorology 

DynamicDynamic and and OpticalOptical Turbulence Parameterization Turbulence Parameterization 

MESOMESO--NH*NH* Model ReliabilityModel Reliability

*Meso*Meso--NhNh code:code: CNRMCNRM--LA, Toulouse, FranceLA, Toulouse, France
AstroAstro MesoMeso--NhNh code:code: MasciadriMasciadri et al. 1999et al. 1999
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Ground-based astronomy is still competitive with 
respect to the space-based one

Lower financial investment
Longer typical lifetime

Better angular resolution thank to the larger pupils size of 
ground-based telescopes

AO techniques can correct perturbations induced by atmospheric turbulence

Instruments provide LOCAL measurements

PROBLEM

?

MesoMeso--scale models potentialityscale models potentiality
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MesoMeso--scale models challenges in Astronomyscale models challenges in Astronomy

To To forecastforecast the optical turbulence  the optical turbulence  flexibleflexible--schedulingscheduling

To perform a To perform a climatologyclimatology of the optical turbulence extended over of the optical turbulence extended over 
decades (access to decades (access to ““pastpast””))

To reconstruct To reconstruct 3D C3D CNN
22 mapsmaps in a region around a telescopein a region around a telescope

Seeing @ Cerro Paranal – black dots
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ParameterizationParameterization
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Parameterization  in  Parameterization  in  MESOMESO--NHNH

DynamicDynamic Turbulence ParameterizationTurbulence Parameterization
CuxartCuxart et al. 1995et al. 1995
BougeaultBougeault et al. 1989et al. 1989
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Review in Astronomical field (1)Review in Astronomical field (1)

1986  1986  CoulmanCoulman [Ref: 1986, PASP, 98, 376][Ref: 1986, PASP, 98, 376]

1995  1995  BougeaultBougeault et al.et al. [[Ref:AppliedRef:Applied Optics, 1995, 34, 3481]Optics, 1995, 34, 3481]

-- FirstFirst Hydrostatic model (Hydrostatic model (PERIDOTPERIDOT))

-- OrographicOrographic model (3model (3--10 km)10 km)

1999/2001  1999/2001  MasciadriMasciadri, , VerninVernin, , BougeaultBougeault [Ref:1999a, A&ASS, 137, 185][Ref:1999a, A&ASS, 137, 185]

[Ref:1999b, A&ASS, 137, 203][Ref:1999b, A&ASS, 137, 203]

-- OrographicOrographic model (model (∆∆xx < 1km)< 1km)
-- FirstFirst NonNon--hydrostatic model (hydrostatic model (MESOMESO--NHNH))

-- First employment of vertical turbulence distribution (CFirst employment of vertical turbulence distribution (CNN
22 profiles)profiles)

2001 2001 MasciadriMasciadri & & JabouilleJabouille [Ref: 2001, A&A, 376, 727][Ref: 2001, A&A, 376, 727]

-- New calibration method    New calibration method    

2002 2002 MasciadriMasciadri, Avila, Sanchez, Avila, Sanchez [Ref: 2002, A&A, 382, 378][Ref: 2002, A&A, 382, 378]

-- FirstFirst evidence of the horizontal finite extent turbulent layersevidence of the horizontal finite extent turbulent layers

[Ref:2001, A&A, 365, 699][Ref:2001, A&A, 365, 699]
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Review in Astronomical field (2)Review in Astronomical field (2)

2004 2004 MasciadriMasciadri, Avila, Sanchez, Avila, Sanchez [Ref:  2004, [Ref:  2004, RMxAARMxAA , 40, 3], 40, 3]

-- First model First model validation validation in statistic terms (10 nights in statistic terms (10 nights –– San Pedro MSan Pedro Máártirrtir))
-- Measurements: GS, Measurements: GS, thermosondesthermosondes, mast, DIMM, mast, DIMM

2006 2006 MasciadriMasciadri & & EgnerEgner [Ref: 2006,  PASP, 118, 849, 1604][Ref: 2006,  PASP, 118, 849, 1604]

-- First statistic First statistic analysis analysis (1 year) of C(1 year) of CNN
22 & ALL & ALL astroastro--climatic parametersclimatic parameters

εε, , θθ00, , ττ00, , σσ22, , LL00, , hhMM,, θθMM (M=1,2,3) (M=1,2,3) 

2002 2002 BusingerBusinger et al.et al. [Ref: 2002, BAMS, 858][Ref: 2002, BAMS, 858]

-- The Mauna Kea Weather The Mauna Kea Weather CenterCenter is announced is announced 

2003  2003  MasciadriMasciadri [Ref:2003, [Ref:2003, RMxAARMxAA, 39, 249], 39, 249]

-- MesoscaleMesoscale models and near ground wind speed for ELT site selectionmodels and near ground wind speed for ELT site selection
-- MesoscaleMesoscale models (25models (25--45) % better than 45) % better than GCMsGCMs

CherubiniCherubini
AdairAdair MM5 developed by NCAR (US)MM5 developed by NCAR (US)
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Can we simulate the optical turbulence ?Can we simulate the optical turbulence ?
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MesoMeso--NhNh model Validation & Reliability     (1)model Validation & Reliability     (1)

Averaged estimates on 10 nightsAveraged estimates on 10 nights

MasciadriMasciadri, Avila, Sanchez, 2004, , Avila, Sanchez, 2004, RMxAARMxAA, 40, 3, 40, 3

San Pedro San Pedro MartirMartir –– Baja California, MexicoBaja California, Mexico
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MesoMeso--NhNh model Validation & Reliability     (2)model Validation & Reliability     (2)

Averaged estimates on 10 nightsAveraged estimates on 10 nights

MasciadriMasciadri, Avila, Sanchez, 2004, , Avila, Sanchez, 2004, RMxAARMxAA, 40, 3, 40, 3

San Pedro San Pedro MartirMartir –– Baja California, MexicoBaja California, Mexico
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GS/MesoGS/Meso--NhNh ∆ε∆ε ~ 30 % ~ 30 % 

MasciadriMasciadri, Avila, Sanchez, 2004, , Avila, Sanchez, 2004, RMxAARMxAA, 40, 3    , 40, 3    10 nights10 nights

San Pedro San Pedro MartirMartir

GS/GS/thermosondesthermosondes ∆ε∆ε ~ 30 %~ 30 %

Cerro Cerro PachonPachon

San Pedro San Pedro MartirMartirMasciadriMasciadri, Avila, Sanchez, 2004, , Avila, Sanchez, 2004, RMxAARMxAA, 40, 3, 40, 3

AzouitAzouit & & VerninVernin, 2005, PASP     , 2005, PASP     4 weeks4 weeks

GS/MASS  GS/MASS  ∆ε∆ε ~ 20 %  @  8~ 20 %  @  8--16 km16 km

∆ε∆ε ~ 50~ 50--100 %  @  0100 %  @  0--4 km4 km

TokovininTokovinin et al., 2005, PASP, 117, 395    et al., 2005, PASP, 117, 395    4 nights4 nights Mauna KeaMauna Kea

MesoMeso--NhNh model Validation & Reliability     (3)model Validation & Reliability     (3)
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GS/MesoGS/Meso--NhNh ∆ε∆ε ~ 30 % ~ 30 % 

MasciadriMasciadri, Avila, Sanchez, 2004, , Avila, Sanchez, 2004, RMxAARMxAA, 40, 3    , 40, 3    10 nights10 nights

San Pedro San Pedro MartirMartir

GS/GS/thermosondesthermosondes ∆ε∆ε ~ 30 %~ 30 %

Cerro Cerro PachonPachon

San Pedro San Pedro MartirMartirMasciadriMasciadri, Avila, Sanchez, 2004, , Avila, Sanchez, 2004, RMxAARMxAA, 40, 3, 40, 3

AzouitAzouit & & VerninVernin, 2005, PASP     , 2005, PASP     4 weeks4 weeks

GS/MASS  GS/MASS  ∆ε∆ε ~ 20 %  @  8~ 20 %  @  8--16 km16 km

∆ε∆ε ~ 50~ 50--100 %  @  0100 %  @  0--4 km4 km

TokovininTokovinin et al., 2005, PASP, 117, 395    et al., 2005, PASP, 117, 395    4 nights4 nights Mauna KeaMauna Kea

MesoMeso--NhNh model Validation & Reliability     (4)model Validation & Reliability     (4)

MesoMeso--NhNh can be used to can be used to 
characterize characterize 

OT on long time extentOT on long time extent

Optical Turbulence ClimatologyOptical Turbulence Climatology



Kona – Hawaii March 2007

FirstFirst statistical analysis of statistical analysis of ALLALL astroclimaticastroclimatic parameters       (1)parameters       (1)

SPM SPM -- 80 nights 80 nights –– uniformly distributed along 1 yearuniformly distributed along 1 year

MasciadriMasciadri & & EgnerEgner, PASP, 2006, PASP, 2006
Is this seasonal trend universal ?Is this seasonal trend universal ?
Which is the physical explanation of such a trend ?Which is the physical explanation of such a trend ?
Which effects on other Which effects on other astroastro--climatic parameters ?climatic parameters ?
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FirstFirst statistical analysis of statistical analysis of ALLALL astroclimaticastroclimatic parameters       (2)parameters       (2)

SPM SPM -- 80 nights 80 nights –– uniformly distributed along 1 yearuniformly distributed along 1 year

MasciadriMasciadri & & EgnerEgner, PASP, 2006, PASP, 2006
Is this seasonal trend universal ?Is this seasonal trend universal ?
Which is the physical explanation of such a trend ?Which is the physical explanation of such a trend ?
Which effects on other Which effects on other astroastro--climatic parameters ?climatic parameters ?
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MasciadriMasciadri & & EgnerEgner, PASP, 2006, PASP, 2006

EgnerEgner, , MasciadriMasciadri, McKenna, to be submitted, McKenna, to be submitted16 nights16 nights
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Simulations vs. MeasurementsSimulations vs. Measurements

MasciadriMasciadri & & EgnerEgner (2006)(2006) Avila et al. (2004)Avila et al. (2004)
εε(10(10--15)km15)km ~ 0.22~ 0.22”” εε(10(10--15)km15)km ~ 0.24~ 0.24””

θθ00~ 1.42~ 1.42”” θθ00~ 1.87~ 1.87””

SIMULATIONSSIMULATIONS MEASUREMENTSMEASUREMENTS

Seasonal variationSeasonal variation

MasciadriMasciadri & & EgnerEgner (2006)(2006)

∆ε∆εsum.sum.--wintwint.. ~ 0.22~ 0.22””

Michel et al. (2003)Michel et al. (2003)

∆ε∆εsum.sum.--wintwint.. ~ 0.22~ 0.22””

EchevarriaEchevarria et al. (1998)et al. (1998)

∆ε∆εsum.sum.--wintwint.. ~ 0.11~ 0.11””

∆ε∆εsummersummer--winterwinter

(DIMM)(DIMM)

(SST)(SST)

MasciadriMasciadri & & EgnerEgner, PASP, 2006, PASP, 2006

medianmedian
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ForOTForOT: an answer to the missing link astronomy/meteorology: an answer to the missing link astronomy/meteorology

1. ForecastForecast ofof thethe opticaloptical turbulenceturbulence

2. SearchSearch andand selectionselection ofof NEW sites NEW sites 

3. ImplementationImplementation ofof modelsmodels on on autonomousautonomous
machines machines researchresearch groupgroup

NEXT STEPSNEXT STEPS

ForOTForOT
an an indipendentindipendent research groupresearch group

funded by the European Communityfunded by the European Community
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LBT DOME C

30 km 6000 km

MESO-NH
model

∆x = 100 km∆x = 500 m

ForOTForOT Core Project                          (1)Core Project                          (1)
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LBT DOME C

30 km 6000 km

MESO-NH
model

Main goalMain goal::
Forecasting Forecasting 
forfor flexibleflexible--schedulingscheduling

Main goalMain goal::
Site independent calibrationSite independent calibration
forfor sites searchessites searches

∆x = 100 km∆x = 500 m

ForOTForOT Core Project                           (2)Core Project                           (2)
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San Pedro Mártir
Mauna Kea - Hawaii Cerro Chajantor - Chili

60 km,  ∆x=400m 150 km,   ∆x=1km 14.4 km,  ∆x=400m

Roque de Los Muchachos
Maidanak

120 km,   ∆x=1km

60 km,   ∆x=500 m

32.8 km,   ∆x=400m

Cerro Paranal - Chili

Canaries Island

Baja California

Uzbekistan
ELTs

2008 2008 –– FP6 ELT Design Study FP6 ELT Design Study 
(MASS, GS, SLODAR, DIMM)(MASS, GS, SLODAR, DIMM)
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