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Abstract
A new limited-area numerical model (TRAM, for Triangle-based Regional

Atmospheric Model) has been built using a non-hydrostatic and fully com-

pressible version of the Navier-Stokes equations. Advection terms are solved
using a Reconstruct-Evolve-Average (REA) strategy over the computational
cells. These cells consist of equilateral triangles in the horizontal. The classical
z-coordinate is used in the vertical, allowing arbitrary stretching (e.g., higher
resolution in the Planetary Boundary Layer, PBL). Proper treatment of terrain
slopes in the bottom boundary conditions allows for accurately representing
the orographic forcing. To gain computational efficiency, time splitting is used
to integrate fast and slow terms separately and acoustic modes in the vertical
are solved implicitly. For real cases on the globe, the Lambert map projection



Advection 2D

> Triangular-based mesh
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> Actual resolution (square-based domain) is gdx
> All variables defined at triangle barycenters: T;; B;;
> 15t derivatives (slopes) at T/B from neighbor B/T

> 27d derivatives (e.g. diffusion) using all four T/B



Advection 2D

> True 2D REA instead of dimensional splitting

oy

> MC Slope Limiter, using local and neighbor slopes

> 6-cell average wind at corners Uj; V]

x'=Uj;+ Ax+By

> Linear profile for wind within cell: {W=E?HM+Dy



Non-Hydrostatic Fully-Compressible Equations

> FINAL version of Euler equations
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> Numerical implementation 3D [CFL > At % 2 Ax(Az) ]

* Forward-Backward integration of “forcings” in RK2 cycle
* REA (V and H) integration of advection every 6-10 Nsteps
* Rigid Wall BCs at W/E S/N B/T boundaries



TRAM non hydro setl 2D

> Large Warm & Small Cold Bubbles

(dx=dz=2.5m,dt=0.00625s,Nstep=10,40min) Initial

Robert (1993)

. a .
0 min 4 min b

7 min 10 min



file:///C:/Users/romur/Desktop/TRAM/2D_PLOTS/warm_cold_bubbles/GIFS_2D_hr_REF_SEMINARIO_con_2D_oroSTRETCH_implicit/160629000000_ZONAL_tnG.GIF

TRAM non hydro setl 2D

> Density Current

(dx=dz=100m,dt=0.25s,Nstep=10, 3h)

Initial

Straka et al. (1993)

4.8 km



file:///C:/Users/romur/Desktop/TRAM/2D_PLOTS/density_current/GIFS_2D_hr_REF_SEMINARIO_con_2D_oroSTRETCH_implicit/160629000000_ZONAL_tnG.GIF

TRAM non hydro setl 2D

> Inertia-Gravity Waves (uniform wind/stability: U=20ms™!/N=0.01sl)

(dx=dz=125m,dt=0.3125s,Nstep=10, 1h)

Initial
10000 . .
2500+t | t=50min
Giraldo
s N 5000 .
Restelli 2500+ .
(2008)
0
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file:///C:/Users/romur/Desktop/TRAM/2D_PLOTS/inertia_gravity_waves/GIFS_mr_REF_SEMINARIO_con_2D_oroSTRETCH_implicit/160629000000_ZONAL_tnG.GIF

Inclusion of Orography (+ GW Absorbing Layer)

> TRUE-terrain slope vs GRID-based slope ETA MODEL
Gallus & Klemp (2000)

| |

NO forcing !!! TOO MUCH forcing !!!

CORRECT forcing CORRECT forcing



Specified Lateral Boundary Conditions

> Interior solution ¢,,,4 relaxed towards specified ¢;g
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reconstructed

after each At weight = y._

aquod
ot

= weight [F(¢rs — dmoa) — GA*(Prs — Pmoa)]

F =1/10At

G = 1/50At (X5 1f using grid analyses)

> Typical values {



TRAM non hydro setl 2D oro

> Schar Mountain (250m bell-shaped + small-scale,U=10ms™!,N=0.01s")

(dx=250m,dz=250m,dt=0.75s,Nstep=10,10h)

0 50km
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Schar et al. (2002) Analytical


file:///C:/Users/romur/Desktop/TRAM/2D_PLOTS/mountains_ORO/GIFS_2D_SCHAR_mountain_250m_REF_SEMINARIO_con_2D_oroSTRETCH_implicit/160629000000_ZONAL_wnG_and_unG.GIF

Vertical Stretching (+ Stabilization Fast Modes)

> Higher resolution at low levels (cos profile)

dz dz dz _.

dz,,in = dz,,/stretch
AZmax = AZpy + Az, — dZpin)

> Two parameters (stretch,dz)) {



> T-REX Intense Mountain-Wave

(dx=500m,dzm=100m, stretch=5,dt=1.5s,Nstep=6,20h)
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file:///C:/Users/romur/Desktop/TRAM/Figs_SEMINARIO/TREX_windstorm_ref_SEMINARIO_con_2D_oroSTRETCH_implicit/wind_TREX.gif
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TRAM non hydro setl 3D oroSTRETCH implicit

> Von Karman Vortex Streets (u=10ms!,N=0.01s™)

(dx=2km,dzm=500m, stretch=2 ,dt=4s,Nstep=10, 48h)
e.g. Schar and Durran (1997)
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TRAM Physics (MM5-based schemes)
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NEW Form of Equations: MESOSCALE-IDEALized
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NEW Form of Equations: SYNOPTIC-REALcase
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> Breeze Circu
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TRAM physics 3D (MESOSCALE-IDEALized)

> Squall-Line Simulation (NO Coriolis, Radiation, PBL and Cumulus)

(dx=1.5km,dzm=200m, stretch=10,dt=3s,Nstep=5,10h)

IC: WK82 SOUNDING + 8K Surface Cold Pool
and 3 different wind profiles
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TRAM physics 3D (MESOSCALE-IDEALized)

> Squall-Line Simulation (NO Coriolis, Radiation, PBL and Cumulus)

(dx=1.5km,dzm=200m, stretch=10,dt=3s,Nstep=5,10h)
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(b)

Weisman (1993)
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TRAM physics 3D (MESOSCALE-IDEALized)

> Squall-Line Simulation (NO Coriolis, Radiation, PBL and Cumulus)

(dx=1.5km,dzm=200m, stretch=10,dt=3s,Nstep=5,10h)

t=5h

75
70
65
60
55
50
45
40
35
30
25
20
15
10

dbZz



file:///C:/Users/romur/Desktop/TRAM/2D_PLOTS_physics/3Dsquall_line_RADAR/GIFS_zonal_wk82_10_0shear/040830000100_ZONAL_SQUALL_LINE_MR.GIF
file:///C:/Users/romur/Desktop/TRAM/2D_PLOTS_physics/3Dsquall_line_RADAR/GIFS_zonal_wk82_17_5shear/040830050000_ZONAL_SQUALL_LINE_MR.GIF
file:///C:/Users/romur/Desktop/TRAM/2D_PLOTS_physics/3Dsquall_line_RADAR/GIFS_zonal_wk82_17_5shear_ORO/040830000100_ZONAL_SQUALL_LINE_MR.GIF
file:///C:/Users/romur/Desktop/TRAM/2D_PLOTS_physics/3Dsquall_line_RADAR/GIFS_zonal_wk82_17_5shear_CON_version2D_de_TRAMphysics/040830050000_ZONAL_SQUALL_LINE_MR.GIF
file:///C:/Users/romur/Desktop/TRAM/2D_PLOTS_physics/3Dsquall_line_RADAR/GIFS_zonal_wk82_25_0shear/040830000100_ZONAL_SQUALL_LINE_MR.GIF

)
)
0
L\

3

:

_

0

N

3

S

>

0

N

Q

™
0
Q

'~
S

.
Q,
g

> “HUGO” Intense Cyclonic Storm (ic: 00 UTC 21 Mar 2018)

(MR :dx=25km,dzm=200m, stretch=10,dt=45s,Nstep=5, 90h)
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> “ZORBAS” Ionian Sea Medicane (IC: 00 UTC 27 Sept 2018)

5,90h)

(MR :dx=25km,dzm=200m, stretch=10,dt=45s,Nstep
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TRAM physics 3D (SYNOPTIC-REALcase)

> “GLORIA” Extraordinary Storm (Iic: 00 UTC 18 Jan 2020)
(MR :dx=25km,dzm=200m, stretch=10,dt=45s,Nstep=5,138h)
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TRAM physics 3D (SYNOPTIC-REALcase)

> “GLORIA” Extraordinary Storm (Iic: 00 UTC 18 Jan 2020)
(HR double:dx=4.5km,dzm=200m,stretch=10,dt=9s,Nstep=6, 138h)
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BANYALBUFAR-ESPORLES Severe Supercell (29 August

29/00-29/18 TRAM Simulation (dx=0.75km, GFS-fcst)
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