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1. Abstract gravity waves with large horizontal wavelengths (few hun-
dred kilometers) which generate thin (few hundred meters)

Staggered vertical nests have been developed, couple&AT layers. Qoupled tropospheric/stratos.phericforecasting
with the WRF innermost nests. This methodology is applied CAT and Optical Turbulence (OT) layers is a challenge for

to the high resolution simulations of field data from the €@l time operational forecasting.

T-REX Campaign of measurements (Terrain-induced Ro- High resolution Coupled WRF (Weather Research and
tor Experiment), Owens Valley, CA, 2006. Our real case Forecasting)/microscale code simulations are carried to pre-
WRF simulations are based on initial and boundary condi- dict and characterize stratospheric CAT and OT layers and
tions from both high resolution T799 L91 ECMWF analy- (0 examine and parameterize wind-shear and gravity waves
sis data and GFS data. Four nests are used: a parent domagyolution under various local atmospheric conditions, their
with 9 km grid and two WRF nests with 3 km and 1 km grid "€SPective modes of instability, morphology and dynamics,
spacing. 150 vertical levels are used with adjusted sigma-and subsequent breakdown into turbulent motion. This in-
pressure levels for an improved and more uniform resolu- formation in turn is used to improve prognostic parame-
tion around the tropopause and in the lower stratosphere€rizations of eddy-mixing coefficients and diagnostic pa-
The innermost WRF nest is coupled in a one way mode with rameterizations of mechanical and optical turbulence for
a fourth domain nested both in the horizontal and the ver- the tropopause and lower stratosphere regions in mesoscale
tical (450 staggered vertical levels). For vertical nesting, 0des. _ . _
both lateral and vertical boundary conditions are treated via Non-homogeneous, anisotropic turbulence computations
relaxation zones where the velocity and temperature fields'equire that a large mesh be used to encompass all pertinent
are relaxed to those obtained from the WRE inner nest. Wemultiscales of stratospheric mechanical and optical turbu-
resolve mountain wave breaking, temperature adiabatic lay-lence. This, coupled with stiff velocity and temperature

ers, intense vertical velocity fluctuations and dynamics of 9radient profiles, presents significant challenges for nesting
countergradient flows around and adaptive gridding. Our technical approach is based on

microscale vertical nesting and adaptive vertical gridding in
coupled WRF/microscale codes.

The inner nest of WRF (1km grid in the horizontal,
150 sigma pressure levels in the vertical) is coupled with

Stratospheric mechanical turbulence (altitudes 10-25km)a sequence of embedded microscale nests, both horizon-
is characterized by patchy high frequency fluctuations in tally and vertically. The fully three-dimensional, compress-
the stratospheric wind fields and long-lived energetic ed- ible Navier-Stokes equations with non-homogeneous strat-
dies with a few hundred meters scales in the vertical. Theification (buoyancy) and background rotation (Coriolis) are
thin Clear Air Turbulence (CAT) layers negatively im- solved with a stretched, adaptive grid in the vertical. A se-
pact on the effective control, stability and performance of quence of embedded innermost microscale nests is then im-
the newest generation of Unmanned Air Vehicles (UAV). plemented with 333m grid spacing in the horizontal grid;
While there is a need for real time forecast of these thin vertically, 450 staggered sigma pressure levels are used for
stratospheric CAT layers, these cannot be resolved by everthe fourth innermost nest and 750 for the fifth one. An
the latest generation of Weather Research and Forecastingdaptive, staggered grid mesh is used in the vertical; with
(WRF) mesoscale meteorological codes. Our goal is to en-a denser grid around the tropopause and in the lower strato-
able forecasting of nonlinear, non-monochromatic inertia- sphere, this allows for vertical grid spacing down to 25m in

2. Introduction



the vertical in thin CAT layers where strong turbulent mix- TREX campaign. The structure of these profiles indicates
ing occurs. For nesting, both lateral and vertical boundary high activity of mountains waves, with complex dynamics
conditions are treated via relaxation zones where the veloc-nvolving small and large scales processes as indicated in
ity and temperature fields are relaxed to those obtained fromthe profiles presented in Figure 1 that show coexistence of
the WRF inner nest. Temporal discretization uses an adap-smaller and larger vertical wavelengths. Real case simu-
tive time-split integration scheme resolving high frequency lations with resolutions that are higher than those used in
gravity waves. This allows for increased resolution without standard mesoscale codes are required to adequately predict
the time step costs. and understand these process. These simulations also show

This methodology is applied to the simulations of the that regions near the tropopause and in the lower strato-
T-REX Campaign of measurements (Terrain-induced Ro- SPhere experience wave breaking events induced by local-
tor Experiment), Owens Valley, CA, 2006. Our real case ized convective and s.hear |Q§tab|!|t|gs. The re;ultlng mhq-
simulations are based on real initial and boundary con-M0geneous changes in stability within short regions have in
ditions from high resolution T799 L91 ECMWF analysis turn dramatic impacts on mountain wave propagation itself.
data. The embedded microscale nests predict localized OUr Simulations with embedded microscale nests
shear layers and diagnose stiff gradients of vertical velocity d€monstrate the deep change of nature of these mountain
and potential temperature above the tropopause and in th&/aves when transmitted through the tropopause (around 11-
lower stratosphere. We demonstrate that strong mountaint2Km)- Strong CAT layers are associated with stiff adi-
waves are refracted through the tropopause with substan@Patic layers of potential temperature. These layers have
tial changes of amplitudes, polarization and phases aboveé?®MPpIex streamwise-spanwise structures, are located as low
10km; then the significant wavelength shortening of these & 13-5km up to 20km and higher in the stratosphere. In be-
polarized inertia-gravity waves induce thin stratospheric Ween these adiabatic potential temperature layers, we ev-
CAT layers. We resolve fully three-dimensional instabil- idence and fully resolve strong countergradient layers of

ity mechanisms and turbulent dynamics within these CAT convective instabilities, with locally unstable stratification.
layers. This intricate turbulent coexistence of thin alternating layers

of sharp positive/negative gradients of potential temperature
. . ) \ i was not expected nor resolved by previous simulations in
bulent dynamics associated with topographic gravity waves. e jiierature, albeit diagnosed in TREX high altitude mea-

During this campaign, several radiosondes were launcheds .o ents. The feedback of stiff temperature layers onto

frfom the upwind soilde_o; Owens Valley. Vertical Progles_ highly turbulent patches of vertical velocity presents a chal-
ol tempe_rature and win components were measured wit lenge to the control of UAV’s and other high altitude plat-
high vertical resolution from the ground up to 30km. Many forms

profiles exhibit high temperature and wind wave-like fluc-

tuations in the lower stratosphere, with different vertical .

wavelengths and localized adiabatic layers where poten-3- Computational Approach

tial temperature gradients are small. For instance, Figure

1 (left panel) shows vertical profiles of potential tempera-  We solve the 3D Flux-Form Fully Compressible Equa-
ture, eastward and northward wind components, from mea-tions for Atmospheric Dynamics (reference to WRF manual
surements during T-REX performed by a balloon launched goes here). The equations are formulated using a terrain-
at (36.49 N, 118.84 W) on April 1, 2006 at 7:50 UTC. following pressure coordinate denoted/pgnd defined as:
High activity of mountain waves is evident from these pro- 7 = (Pan — Pdnt)/1a Wher€ug = pans — pant

files. The potential temperature profile shows many re-  whereyug represents the mass of the dry air in the column
gions above the tropopause ( 11km) where the vertical gra-and pan, pan: andpgy, represent the hydrostatic pressure
dients are small (i.e. 12km, 14km and 20km). The verti- of the dry atmosphere and the hydrostatic pressure at the
cal profile of the square of Brunt Vaisala frequency (Fig- top and the surface of the dry atmosphere. The formulated
ure 1 right panel) calculated from the potential temperature moist equations are:

shows strong inhomogeneities. At the tropopause, we no-

tice a strong increase in stability around 11.2km with values

The TREX campaign represent an important case of tur-

reachingV? = 19 x 10-4s~2 and exceeding those usually U + (V- Vu)y + paadyp
observed in the stratosphe®{ = 4 x 10~*s~2). Above +(a/aq)Oypdrp = Fy (1)
this level, the stability decreases within thin adiabatic layers OV + (V- Vo), + ptaadyp

in the lower stratosphere; and increases again thereafter and o
reachs a second maximum just below 13km. This laminated Ha/aa)dpdyo = Fv (2)
structure with layering of local maxima and minima in sta- W + (V- Vw), — gl(a/aq)Oyp — pa] = Fw (3)
bility was also observed in other profiles performed during 0.0+ (V-Vh), = F (4



Opa+(V-V), = 0 (5 Our coupled WRF with microscale vertical nests sim-
0o+ g [(V - V), — gW] 0 (6) ulations are conducted for the period from 03/31/2006 00
0O+ (V-Vau)y = Fo.(7) UTC to 04/2/2006 00 UTC. WRF domains are centered
trem m Qm over ( 36.49 N, 118.8 W). Three WRF domains are used
In these equations;(u, v, w) is the velocity vectord is with a horizontal resolution of 15km, 3km and 1 km, and
the potential temperaturg,is the pressure, g is the acceler- 150 vertical sigma pressure levels. These levels are ad-
ation of gravity, = ¢z is the geopotentialV and© are justed for better resolution of the tropopause and the lower
coupled velocity vector and potential temperature and arestratosphere. WRF simulations are initialized with high res-
given by: V = pugv, © = ugf. The right-hand-side terms  olution ECMWF T799L91 analysis data, 25 km horizontal
Fy, Fy, Fy, andFy represent forcing terms arising from  resolution and 91 vertical levels. Innermost nesting is done
model physics, turbulent mixing, spherical projections, and using 300 X 300 in the horizontal and 450 vertical levels up
the earth’s rotation. to 10 mb. One way horizontal and vertical nestings are im-
The above governing equations are resolved togetherplemented with boundary conditions and initialization from
with the diagnostic equation for dry inverse density, and the 1 km WRF inner nest. A fifth innermost nesting is further
diagnostic relation for the full pressure (vapor plus dry air) done with 720 staggered vertical levels.
These simulations are performed on HPC platforms us-
ing different datasets. We effectively usensemble fore-
Mo = —aafid ®) casting by comparing simulations using initialization and
D po(Rabm /pocea)” 9) boundary conditions from ECMWF T799L91 data and from
GFS analysis (1 degree horizontal grid spacing).

In these equationsy, is the inverse density of the dry air

1 dais the i density taking int t th . , : :
f(uﬁ’ggrggl Of;'rfsityz 'ZVZ;S(? f;s' J:/ qa J;nf '_r: Z}T??;ﬂ ® 4 TREX Simulations: effective resolution of

whereg, are the mixing ratios (mass per mass of dry air) adiabatic layers and strong vertical velocity

for water vapor, cloud, rain, ice, etc. Additionally,, = patches
0(1 + (Ry/Ra)q) =~ 0(1 + 1.61q,), andQ., = paqm;
Qm = Qv Gcy Qiy - We first present results from the WRF simulations. The

Our numerical method uses a time-split integration simulations are performed with three domains using two-
scheme following Skamarock and Klemp, 1992 and Wicker way nesting. They are initialized with both GFS data and
and Skamarock, 2002. Low-frequency modes that are me-high resolution ECMWF T799L91 analysis data. The use
teorologically significant are integrated using a third-order of two datasets is in effect ensemble forecasting.
Runge-Kutta time integration scheme. High-frequency  Figure 2 shows topography for the finest WRF domain
acoustic modes are integrated implicitly in the vertical with (1 km horizontal grid) and wind the vector field at 12 km
smaller time steps to maintain stability. altitude simulated by WRF on April 1, 2006 at 8:00 UTC.

The spatial discretization uses a C grid staggering: Nor- The wind directions are dominated by south-westrelies. The
mal velocity are staggered one-half grid length from the black curve superimposed in this figure presents the trajec-
thermodynamic variables. Advection of vector and scalar tory of a balloon launched on April 1, 2006 at 7:50 UTC
fields is in the form of flux divergence, and is performed from the location (36.49 N, 118.84 W) in the upstream
using the third order Runge-Kutta time-integration scheme. side of the highest elevation. During the ascent, the bal-
the advection uses a fifth and third order accurate spatialloon drifts north-eastward by the wind, and is found in the
discretization. downstream side of the highest elevation as it reaches levels

Both upper and lateral boundary conditions are nudgedabove the tropopause (blue dot).
within relaxation zones to the finest WRF nest fields includ-  Figure 3 shows a longitude-altitude cross-section for po-
ing the vertical velocity. tential temperature and vertical velocity on April 1, 2006

The numerical code is fully parallelized using MPI, and at 8:00 UTC for the finest WRF domain (1 km horizontal
the memory used by the code is optimized so that a num-grid), obtained by using initialization and boundary condi-
ber of processors as small as possible is used. The simtions from ECMWF T799L91 analysis. These fields shows
ulations conducted for these studies are performed on theclear evidence of mountain waves signature, with high ac-
ASC MRSC SGI Altix "Eagle” platform (2048 INTEL tivity primarily occurring in the downstream side of the
ITANIUM-II processors) and on the NAVY MRSC IBM P5  mountain between (x=125km and 250km). Also the phase
"Babbage” platform. The accuracy of the numerical sim- lines found in potential temperature field exhibit rearward
ulation results is confirmed by doubling the numerical res- phase tilts that is characteristic of mountrain waves. We
olutions to resolve the fully nonlinear 3D dynamics, and notice that these phases depicted in both vertical veloc-
comparing with the lower resolution runs. ity and potential temperature fields indicate that the waves



are refracted as they are transmitted trough the tropopauséion of our microscale code. We natice that the relaxation
(11km). Regions with small vertical gradients of potential of the wind field is very smooth at the boundaries. Also,
temperature gradients are found in the lower stratosphereaegions with strong turbulent flow are found above the val-
(at x=150 km, z=13.5 km, and x=190 km , z= 13.5 km, ley, towards the south of the balloon trajectory. In these
and at x=230 km, z= 13 km). These potential temperatureregions the horizontal wind shows strong drag, and the di-
adiabatic layers are associated with small patches of highrection of the wind is complex. This turbulent flow is more
vertical velocity reaching 5 - 9 m/s. Figure 4 shows the evidentin Figure 9. This figure shows longitude (118.56 W,
same fields as in the previous figure but with the initializa- 117.42 W)-altitude cross-section at latitude 36.82 N for po-
tion and the boundary conditions taken from GFS analysis.tential temperature (contour) and vertical velocity (color) on
These datasets have horizontal and vertical resolutions thaf\pril 1, 2006 at 8:00 UTC for the innermost microscale do-
are much lower than those of the ECMWF T799L91 anal- main (333m grid). The potential temperature shows multi-
ysis. On the average, the fields simulated by WRF using scales patterns with fine structures that are not resolved by
both data sources show similar patterns with high activity the WRF finest nest (Figure 3 and 4). Near the tropopause
of mountain waves in the stratosphere. This increases thg 12km) a localized layer is found where the potential tem-
confidence of the reality for these patterns. This is a way perature contours are well packed togother indicating strong
of conducting an énsemble forecastifig This way is dif- local increase in stability. This layer shows a wave-like
ferent from the standard ensemble forecasting, since we us@attern with horizontal wavelengths as short as 10km near
two completely independent dataset instead of using a perx=40km. This wave cannot be excited directly by topogra-
turbed initial conditions. We notice however some differ- phy, since its wavelength is much smaller than the horizon-
ences in the details. Vertical velocity patches and adiabatictal scale of the mountains, and is not observed in potential
layers are resolved with a much better resolution when us-temperature below 12 km at upper tropospheric levels (9-
ing ECMWF T799L91 analysis. The adiabatic layers found 10km). This suggests that the wave observed in the high
at x=190km and x=230km are not present when using GFSstratification layer is generated locally by nonlinear interac-
data. tions and/or wave breaking. At some levels above 12 km,
Figure 5 shows longitude-altitude cross-section for po- t_here are regions_in_the Ipwer_stratosphere_ where strati_fica-
tential temperature and spanwise (northward) vorticity for 10N decreases within adiabatic layers, while other regions
the finest WRF domain (1 km grid) obtained by using show Iocah_zgd §t|ff graq.lent.s. Thg resultmg strong local in-
ECMWF T799L91 analysis for initialization and boundary Nomogeneities in stratification with layering of local max-
conditions. Terrain induced rotor wave is found at x=150 iMa& and minima are observed during TREX (Figure 1) and
km just above the valley. Patches of strong dipoles with pos-N@ve in tumn dramatic impacts on wave propagation. High
itive and negative spanwise vorticity are found in regions on Stratifications tends to shorten the vertical wavelength of a
both sides of potential temperature adiabatic layers (x=150Propagating wave and tends to increase its horizontal wind
km, z=13.5 km, and x=190 km , z= 13.5 km, and at x=230 amplitude resulting in local unstable regions with high local
km, z= 13 km). These dipoles are associated with localizegShear; While' adiabatic and convectively unstable layers may
regions where the vertical shear of the horizontal wind is 9€Velop regions where waves are trapped or even reflected.
strong enough to develop local instabilities that are proba- 1S complex nonlinear dynamics involving multiscale in-
bly the causes for the formation the adiabatic layers. In deedt€ractions result in a turbulent flows in the lower strato-
the Richardson number field obtained from the same simu-SPhere as depicted in Figure 9, where the wavelength of
lations (Figure 6) shows patches of low Richardson numberthe topographic wave causing this dynamics is hardly iden-
indicating strongly mixed layers at the same locations as thelified (the dominant wavelength of the topographic wave
adiabatic layers and the rotor waves. These patches are als®0Uld much the horizontal scale of the mountain). Fig-

associated with local shear intensifications (Figure 7). ure 10 shows longitude-altitude cross-section for potential
N h Its f . . | temperature and spanwise (northward) vorticity from the
. TXI,’ we s OV‘I/ :jesqths rom mwarmost mlcrogc.a.el nezt innermost microscale nest. Terrain induced rotor wave is
E|mu cz};I\tlons codu_p e fWIt VrYR:‘: T ISV\?REIS; uses '_T_'rt]'_a and ¢4und above the valley; and patches of strong dipoles with

oun 363%/ CO.S |t|(_)n ro mht N melstd . nest. q 4|550nest positive and negative spanwise vorticity are observed in re-
USes grid points In horizontal directions an > ver- gions on both sides of potential temperature adiabatic lay-
tical levels. Both upper and lateral boundary conditions . < 214 also on the sides of the stiff gradient regions. Fig-

are relaxed towards the finest WRF nest fields. Figure 8,6 11 and 12 shows longitude(118.56W, 117.42W)-altitude
shows topogrgphy for the mner'most mlcroscale nest and_thecross—sections from the innermost microscale nest at lati-
wind vector field at 12 km altitude simulated by the mi- 4o 36 82N for Richardson number and the shear field re-
spectively. Patches of low Richardson number are well re-

croscale nest on April 1, 2006 at 8:00 UTC. As in WRF
simulations, the wind directions are dominated by south- solved and are found primarily near the ground and at upper

westrelies in agreement with observations. This is a valida-



levels around the tropopause and in the lower stratospheregravity waves and shearing instabilities in the vicinity of a jet
We notice that small scales develop in potential tempera-streamJ. Atmos. Scj61, 2692-2706, 2004.

ture primarily in these regions (Figure 9). These strongly =~ Mahalov, A., M. Moustaoui, and B. Nichols, Characterization
mixed layers are induced by nonlinear interactions that areaf‘d forecasting of stratosph(_aric Clear Air Turbulence (CAT) for
produced by nonlinear rotor waves near the ground and byAII’ Force Platforms.Proceedings, of the HPCMP Users Group
wave breaking near the tropopause. Conference, IEEF288-295, 2006.

The above results demonstrate how mountain waves in- Mahalov, A., B. Nicolaenko, K.-L. Tse and B. Joseph, Eddy-
mixing in jet-stream turbulence under stronger stratificat®eo-

duced by topography propagate through the tropopause,, s “research Lettiol. 23, L23111-23115, 2004.
with polarization experience wavelength shortening in the Plougonven, R., H. Teitelbaum and V. Zeitlin, Inertia-gravity
lower stratosphere. The structure is clearly seen from thewayve generation by the tropospheric mid-latitude jet as given by
finest microscale nest. There are intense wave breakinghe FASTEX radiosoundings. Geophys. Resl08, 4686, 2003.
events above the tropopause resulting in formation of sev- Tse, K.L., A. Mahalov, B. Nicolaenko, and H.J.S. Fernando,
eral sharp adiabatic layers. Below adiabatic layers at theQuasi-equilibrium dynamics of shear-stratified turbulence in a
tropopause level there are regions of high stability char- model tropospheric jet]. Fluid. Mech, 496, p. 73-103, 2003.
acterized by large vertical gradients of potential tempera-  Wicker, L. J., and W. C. Skamarock, Time Splitting Meth-
ture. This has been observed in several radiosonde profile€ds for Elastic Models Using Forward Time Schemésonthly
during the TREX campaign of measurements. These re-'/eather Revieyl 30, 2088-2097, 2002.
gions of inhomogeneous gradients can further impact the
propagation and transmission of upward propagating topo-
graphic waves. These are strongly 3D nonlinear regimes.
As shown above, thin adiabatic layers of potential temper-
ature and strong patches of vertical velocity cannot be re-
solved even by latest generation of Weather Research and
Forecasting (WRF) mesoscale codes. They are resolved
by the microscale nests with our coupled WRF-microscale
nest simulations. While WRF has been successfully applied
and validated for the boundary layer and the middle tropo-
sphere, it still needs to be improved for the stratosphere.
This project is being expanded into the analysis of recent
stratospheric data sets of interest to the USAF. The main
focus is to improve parameterization of non-homogeneous
anisotropic shear stratified turbulence at tropopause and in
the lower stratosphere for WRF (Weather Research and
Forecasting) mesoscale code and Air Force operational
codes. Such parameterizations and models for the prognosis
of thin CAT layers will ultimately be incorporated into real-
time Air Force Operational models and ADA (Atmospheric
Decision Aid) codes.
Computations were carried out under the Characteriza-
tion and Prediction of Stratospheric Optical Turbulence for
DoD Directed Energy Platforms Challenge Project (C1W).
This work is sponsored by AFOSR contract FA9550-05-1-
0047
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Figure 1. Potential temperature (black), east-

ward wind (blue), and northward wind (red)

from balloon measurments during T-REX.

The balloon was launched at (36.49 N, 118.84
W) on April 1, 2006 at 7:50 UTC.
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Figure 2. Topography for the finest WRF do-
main (1 km grid) and wind vector field at
12 km altitude. The black curve shows the
trajectory of balloon launched at (36.49 N,
118.84 W) on April 1, 2006 at 7:50 UTC. The
blue dot is the location of the balloon at the
tropopause
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Figure 3. Longitude-altitude cross-section for
potential temperature (contour) and vertical
velocity (color) for the finest WRF domain (1
km grid) on April 1, 2006 at 8:00 UTC, with
ECMWEF T799L91 initialization.
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Figure 4. Longitude-altitude cross-section for
potential temperature (contour) and vertical
velocity (color) for the finest WRF domain (1
km grid) on April 1, 2006 at 8:00 UTC, with
GFS initialization.
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Figure 5. Longitude-altitude cross-section for
potential temperature (contour) and span-
wise vorticity (color) for the finest WRF do-
main (1 km grid) on April 1, 2006 at 8:00 UTC,
with ECMWF T799L91 initialization.
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Figure 6. Longitude-altitude cross-section for
Richardson number for the finest WRF do-
main (1 km grid) on April 1, 2006 at 8:00 UTC,
with ECMWF T799L91 initialization.
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Figure 7. Longitude-altitude cross-section for
the square of the shear for the finest WRF do-
main (1 km grid) on April 1, 2006 at 8:00 UTC,
with ECMWF T799L91 initialization.
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Figure 8. Topography for the innermost mi-
croscale nest (333 m grid in the horizontal
and 450 vertical levels) and wind vector field
at 12 km altitude. The black curve shows
the trajectory of balloon launched at (36.49
N, 118.84 W) on April 1, 2006 at 7:50 UTC. The
blue dot is the location of the balloon at the
tropopause
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Figure 9. Longitude (118.56 W, 117.42 W)-
altitude cross-section at latitude 36.82 N for
potential temperature (contour) and vertical
velocity (color) for the innermost microscale
domain (333m grid); 300 grid points in hor-
izontal directions, 450 vertical levels. The
time is 8:00 UTC, April 1, 2006.
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Figure 10. longitude(118.56W, 117.42W)-
altitude cross-section at latitude 36.82N
for potential temperature (contour) and the
spanwise vorticity (color) for the innermost
microscale domain (333m grid); 300 grid
points in horizontal directions, 450 vertical
levels. The time is 8:00 UTC, April 1, 2006.
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Figure 11. longitude(118.56W, 117.42W)-
altitude cross-section at latitude 36.82N
for Richardson number for the innermost
microscale domain (333m grid); 300 grid
points in horizontal directions, 450 vertical
levels. The time is 8:00 UTC, April 1, 2006.
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Figure 12. longitude(118.56W, 117.42W)-
altitude cross-section at latitude 36.82N for
the square of the shear for the innermost
microscale domain (333m grid); 300 grid
points in horizontal directions, 450 vertical
levels. The time is 8:00 UTC, April 1, 2006.



