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Optical Turbulence Forecasting

Seeing Monitor Observatory
steorology Cn? Profiler

Forecasting
Model

- Seeing
- Cn? profiles
- OT parameters

Source: Trinquet and Vernin (2009) 2



All Roads Lead to Rome

Higher-order Closure Approach

Regression (ANN) Approach

Cn2 Parameterization

DNS/LES Approach

Estimation
(e.g., Radiosonde)

Scaling Approach

Forecasting
(Mesoscale Model)




Mesoscale Modeling
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Modeling Framework

Global Reanalysis Static Geographic Data
(~30 km Resolution) (e.g., Terrain, Landuse)

Modeling

Turbulent Diagnostics C.2 (lat,lon,z,t)

Parameterized ‘

Pressure(lat,lon,z,t) Ray Origin(lat,lon,z,t)

Temperature(lat,lon,z,t) Ray Propagation
Azimuth

Refractive
Index(lat,lon,z,t)

Moisture(lat,lon,z,t)

Ray Elevation Angle




Objective



Intermittent Optical Turbulence in Free Atmosphere

Time-Height Plot of C.2 from G-SCIDARS
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May 26, 2006; Masciadri et al. (2008)

ORM: Roque de los Muchachos on the island of La Palma
OT: El Teide on the island of Tenerife
Both observatories are on the Canary Islands and about 160 km from each other

7



Intermittent Optical Turbulence in Free Atmosphere (Cont.)
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Challenge
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Source: Alligo et al. (2009)



Relevant Literature

Vertical Resolution Requirements in Atmospheric Simulation
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Effects of Vertical Resolution on Eddy Viscosity

|
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height (km)

Source: Skamarock et al. (2019)
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Methodology

4 September 2015 5 Select Language ¥
Mesoscale modeling of optical e Qi
turbulence (C2,) utilizing a novel physically-
based parameterization

Ping He; Sukanta Basu
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Higher-order Closure (HOC) Approach
C4 = (7.9 x L0 2 PIT<)CE,

Cq =3.2xe /3,

B (26)3/2
T BiLy
X (26)1/2972,

~ BoLy
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HOC Approach (Cont.)

de 1 0 0 Ov
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HOC Approach (Cont.)

(kz/3.7, (1
Ls=kz(14270)71, 0<(¢(<1
| k2(1 —100¢)%2, ¢ <0,

o 2,0'52dz
Ly = 0.2350 p)
Jo (2
(2e)%-5 /N, 00/0z > 0,and ¢ > 0
Lp = {[1+5(g./LTN)%°)¢*>/N, 86/0z > 0,and ( <0
| 00, 00/0z < 0,
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Case Study:

Hawalii 2002 Thermosonde Campaign



Hawali 2002
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Large-Scale Behavior of Ascent Rate

z (km)

0 10 20 30 40 -156 -155
Velocity (m/s) Longitude (degrees)
a) Horizontal velocity b) Vertical velocity

Source: McHugh et al. (2008)
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Computational Domain (9/3/1 km)
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Vertical Grids in WRF Runs
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Dec 11-12, 2002



Mean Temperature Profiles

5 UTC, December 12, 2002

30 |
Thermosonde
- = MYNN2-51
— MYNN3-51
2 & MYNN2-101
e MYNN2-286
E 20
<
5
215
i 1
5
< 10+
5 L
0 L il 4 L - |
180 200 220 240 260 280 300

23

Temperature (K)



Mean Wind Speed Profiles

5 UTC, December 12, 2002
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Cz2 Profiles
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Simulated C2 over Hawaii and Pacific Ocean

# vertical grid points: 51
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Simulated CZ over Hawaii and Pacific Ocean (Cont.)

# vertical grid points: 101
C2 during Dec 11-12, 2002
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AGL Height (km)

Simulated CZ over Hawaii and Pacific Ocean (Cont.)
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Simulated “Seeing’ (Total)

2

Source: McHugh et al. (2008)
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Simulated “Seeing” (Ground Layer)
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Seeing (arcsec) @ h > 1 km

Simulated “Seeing” (Upper Layer)
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Dec 12-13, 2002



Mean Temperature Profiles
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Mean Wind Speed Profiles
5 UTC, December 13, 2002
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Cz2 Profiles
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Simulated C2 over Hawaii and Pacific Ocean

# vertical grid points: 51
C2 during Dec 12-13, 2002
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Simulated CZ over Hawaii and Pacific Ocean (Cont.)

# vertical grid points: 101
C2 during Dec 12-13, 2002
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Simulated “Seeing’ (Total)
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Horizontal Cross-Sections



Island Wakes

Source: NASA



Flow Structures around Big Island

waml>  sccelerating wind
NN\ weak hydraulic jump
m——— shear line
| /~ wake boundary
QO  stagnation point
Kitauea plume

P o streamline

low aerosol conc.

| | all | i
Meteorol Atmos Phys
DOI 10.1007/s00703-015-0366-4

ORIGINAL PAPER

Mapping optical ray trajectories through island wake vortices

Christopher G. Nunalee * Ping He - 42
Sukanta Basu * Jean Minet - Mikhail A. Vorontsov



Spatial Distribution of C? (# Vertical Grid Points = 286; 1 km MSL)
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Spatial Distribution of C? (# Vertical Grid Points = 286; 10 km MSL)
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Case Study:
Paranal 2017



Observed C2 over Paranal
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AGL Height (km)

Simulated CZ? over Paranal

# vertical grid points: 201
C2 during 0-10 UTC, March 8, 2017
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Simulated CZ over Paranal (Cont.)

# vertical grid points: 286 (uniform grid spacing of 100 m)

Ci during 0-10 UTC, March 8, 2017
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To be continued...



Richardson (1922)

“Perhaps some day in the dim future it will be possible to advance the computations faster than the
weather advances and at a cost less than the saving to mankind due to the information gained. But
that is a dream.”

Richardson’s
forecast factory
Source: Bengtsson




