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Introduction Case Study: CASES-99

Optical Turbulence (O.T.) October 23-25, 1999 Observations
> The wave phase and amplitude of the optical and The first night was.ir.]termittently turbulent, with A diverse suite of observational datasets were utilized for
electromagnetic waves are highly affected by the small-scale several turoglent mixing events (Sun et.al. 2003a). model validation. These datasets were collected by a
variation of temperature and specific humidity. A.Iow-leve jet (LLJ) e\ient OCCU.FFEd with a mean Doppler lidar, a small-aperture scintillometer, sonic
> The turbulent atmosphere causes the intensity of a light beam wind >Ppeec of 7.6 m s The Height of the LLJ was anemometers, and a sounding system etc.
to fluctuate or scintillate, causes beam to wander, and causes approximately 100 m.
the distortion and random displacement of images. (Hutt, 1999) In the second (turbulent) night, a continuous LLJ
with mean wind speed of 15.2 m s was observed.
v 9 ' 3 The LLJ height was approximately 200 m and it -
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g S the U.S. was dominated by a synoptic-scale Fig. 5 Pictures of observation instruments: sounding (left ),
Fig. 1 A laser beam propagating through the atmosphere spreads surface high pressure system. tower (middle), and sonic anemometer (right).
due to diffraction but is also influenced by turbulence in the form
of randomly varying eddies. (Burger et al., 2008) N ume rica I_mod e I i ng Fra mework
Mesoscale Modeling - Large—Eddy Simulation = Optical Turbulence » Observational datasets were assimilated
Extracted Conditions
R T o] (MATLES) S into the WRF model.
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k ‘ | [ conditions, time-dependent lower-
Fig. 2 Double star Zeta Aquarii (which has a separation of 2  commnami - 2 |- | T boundary conditions (e.g., near-surface
arcseconds) is blurred by atmospheric turbulence. i‘i.qﬂ _"L — - Estimation air temperature), and time-height-
(Image Courtesy: Alan Adler) IR dependent large-scale forcings (e.g.,
Appllca tions . ‘””“Q’ Bessds ; T TEE | Surface Fluxes geostrophic wind, mesoscale advection of
> Ectimati 4 oredicti £ optical turbul onificant > F\ i\ >’ I E temperature) were extracted for LES runs
Estimation and prediction of optical turbulence are significan L Y. sc | >Thetuning-free SGS model, locally-
Ot? \INI c rangg Ot' aPp 'C? 1OnS: enwrorTmen ?thmdontl o;mg, bommmmmmmsssmmsscoooooooo | | i averaged scale-dependent dynamic
Optitd Fommumcg !;)n, t.?c.s r?nomy, .Osl.ensmgt Wl j. = tlog’ . oo ) > i (LASDD) subgrid-scale (SGS) model was
reconnaissance and iden |.|ca ion, guiding systems or directed- o SStimationfrom WRE s N S — applied in Large-eddy simulation.
energy systems. (See Cheinet et al.,, 2010 and the references
therein)
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» Under some approximations, the optical turbulence effects LES
TR Fig. 6 The WRF model nested domains (left ), and locations
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refractive index (n) (units m=2/3). (Tatarski 1961) '
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» C_%is chosen to describe the effect of the optical turt;ul.ence. b O observed. @ |]° Fig. 8 Time-height plots of
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minor wavelength and humidity dependence are ignored. oy T stronger jet and slightly jet 50 ., (upper left), lidar-based

> Numerical meteorological models can be utilized to estimate i / T e IERERRILE 10 lack of subsidence >*a) 1R _ (lower left) , and LES-

2 ' PR st s OSSO e . simulated (uppe right) wind
C;- from temperature and turbulent variables. o Hmm% i { 1> WRF and LES captured the wind jo8 AL S e (uppe right)
o ~25¢10~6)2 (2 g B | T direction and potential
¢ (79PT 10-°) Cr - o) ) temperature profiles remarkably ost o
3 03" oS .l oo
/ well.
Indirect C.2 and C_2 Calculations e v T gni.s ron s |2 WREandLES did not show the
_ o . _ | S intermittency in surface fluxes Sl N
* Monin-Obukhov similarity functions Fig. 7 Plots of the wind speed (upper left), wind direction during nighttime ook - % i s, »
- 2 2/% (upper right)l pOtentIal temperature (lower |eft)l and . 852n Oéz 0%2 WOSZTimeOéZ 162 1iz 1éz 05z Oéz 0';’2 Oéz_l_imeogz 162 11‘2 1éz
C,z7 specific humidity (lower right) profiles at 7 UTC. Fig. 9 Time series of surface friction velocity (left) and
= f (C) C Stability parameter (z/L) : :
92 JT sensible heat flux (right) .
% Hx Generic turbulent temperature scale | | T
N » Diurnal cycle of C_2 were captured reasonably
Stably Stratified Surface Layer by the WRF Model
MOST 1. Wyngaard-Coté-Andreas (1989) > C_2was underestimated during the 300 -~ sLsz0
/3 intermittentlv turbulent nieht bv both WRF 600 * SLS20 * LAS —MOST-FO1 —MOST-F02 —MOST-F03 — Regression b - LAS
fT (C) — CT1 \_1 + szg ] and LES Y ° Y 250,,2 MOST-F01
. — MOST-F02
MOST 2 Thiermann_Grassl (1992) >MOST funCtion 2 (Wyngaard'COté'AndreaS) :E;?;;::
SE estimated C_° relatively better during the %
- . . L S
f(C) = 6.34[1 +7¢ + 200 ] daytime. All MOST functions showed the G
limitation of calculating O.T. during the Yy A
MOST 3. Kink (Hartogensis, 2006) nighttime. ] | _. o
. » Regression model showed significant 122 18z 00z(24th) 06z 2z 18z 00z(25th) 06z 122 18z 04z 052 06z 07z 08z 09z 102 11z 12z 132
5_5 fO?" é' < 01 C e . : .. : : Time Time
t limitation in terms of timing and intensity of
f _ OT Fig. 10 Time series of C 2 simulated by WRF (left) and LES (right).
= T.
2/5 .
5.5(¢/0.1) otherwise Future Work Selected References
° . . . . Basu, Sukanta, and F do Porté-Agel. "L -eddy simulati f stably stratified at heric b d I turbul . le-
Regression model function > C.2will be calculated directly from the temperature structure " dependent dynamic modeling approach." arxiv preprint physics/0502134 (2008).
. . . . Burger, Liesl, Igor A. Litvin, and Andrew Forbes. "Simulating atmospheric turbulence using a phase-only spatial light modulator." South
SadOt et al' (1992) funCthn USIng LES _generated ﬂOW flelds OUtpUt' African Journal of Science 104.3-4 (2008): 129-134.
2 o 2 3 9 9 2/3 I(_ZIP;t:tl(r;et, S.-, et al. "The use.ofwgatherforec:f\sts to characterize near.-surface optlcalturbulgnce." BLM 13.8.-3 (2011): 453-473.
p— L R gensis, Oscar. Exploring scintillometry in the stable atmospheric surface layer. Wageningen Universiteit, 2006.
Cn alW _|_ blT _|_ ClRH _|_ CQRH _|_ CBRH < [T(aj _I_ {r) T(aj)] >_ CTT Hutt et al. "Modeling and measurements of atmospheric optical turbulence over land." Optical Engineering 38.8 (1999): 1288-1295.
9 3 > O t | ' b | d ' f ' | t ” b | d d Liu, Yubao, et al. "Simultaneous nested modeling from the synoptic scale to the LES scale for wind energy applications." Journal of Wind
ICal turpuience data 1rom a coastal site wi e dnalvzed an Engineering and Industrial Aerodynamics 99.4 (2011): 308-3109.
—I_ leS —I_ dQWS + dSWS —I_ € SirF;UIated (fIEId experiment at Beauford NC currently Z)IngOing) Sadot, Dan, and Norman S. Kopeika. "Forecasting optical turbulence strength on the basis of macroscale meteorology and aerosols: models
) . and validation." Optical Engineering 31.2 (1992): 200-212.
W is temporal hour weight; T is temperature; RH is relative humidity > New MOST funCtion W|” be developed from the LES and Wang, Yao and Basu, Sukanta (2013), Realistic Stable Boundary Layer Turbulence Generation: A Coupled Mesoscale-Large-Eddy Modeling
: : i Framework. (under preparing)
& b' ¢ dand e are numerical regression coefficients. I Tatarskii, Valerian llich. "Wave propagation in turbulent medium." Wave Propagation in Turbulent Medium, by Valerian llich Tatarskii.
observational databases
] Translated by RA Silverman. 285pp. Published by McGraw-Hill, 1961. 1 (1961).




