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...1ln previous Mediterranean Meetings

TRAM: Triangle-based Regional Atmospheric Model

> 16" EGU PLINIUS Conference (Montpellier, 2018):
“"TRAM: A new nonhydrostatic fully compressible
numerical model”

> 7th METMED Conference (Palma de Mallorca, 2019):
“A computationally cheap atmosphere-ocean modelling

system aimed at anticipating meteotsunami occurrence
in Ciutadella”

> 8th METMED Conference (Online, 2021):
“TRAM with physics: A new numerical model suited for
all kinds of atmospheric applications”



Advection 2D

> Triangular-based mesh

i:1->mn,

Q

> Actual resolution (square-based domain) is %dx
> 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



> Numerical implementation 3D [CFL

Non-Hydrostatic Fully-Compressible Equations

> FINAL version of Euler equations
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> 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/romu/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)

48km



file:///C:/Users/romu/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=20msl/N=0.01s™!)

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

Initial
10000 . .
7500k | t=50min
Giraldo
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Restelli 2500} .
(2008)
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file:///C:/Users/romu/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)
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Specified Lateral Boundary Conditions

> Interior solution ¢,,,q relaxed towards specified ¢;g

after each At weight = v

0hmo .
¢at d _ weight [F(¢rs — dmoa) — GA? (s — Pmoa)l

reconstructed

F = 1/10At

G =1/50a; (X5 if using grid analyses)

> Typical values {



TRAM non hydro setl 2D oro

> Schar Mountain (250m bell-shaped + small-scale,U=10ms-!,N=0.01s"1)

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

0 50km
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7 2400

Schar et al. (2002)


file:///C:/Users/romu/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)

d'zmin d'zm d'zmax

Az, = dz,,/stretch
AZmax = AZm + (dZm — dZmin)

> Two parameters (stretch,dz)) {



TRAM non hydro setl 2D oroSTRETCH implicit

> T-REX Intense Mountain-Wave

(dx=500m,dzm=100m, stretch=5,dt=1.5s,Nstep=6,20h)
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file:///C:/Users/romu/Desktop/TRAM/Figs_SEMINARIO/TREX_windstorm_ref_SEMINARIO_con_2D_oroSTRETCH_implicit/wind_TREX.gif
file:///C:/Users/romu/Desktop/TRAM/2D_PLOTS/mountains_ORO/GIFS_2D_TREX_windstorm_REF_SEMINARIO_con_2D_oroSTRETCH_implicit/160629040000_ZONAL_tnG_and_unG.GIF

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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file:///C:/Users/romu/Desktop/TRAM/2D_PLOTS/3Dmountains_ORO/GIFS_asym_MOUNTAIN_3km_REF_SEMINARIO_con_2D_oroSTRETCH_implicit/160629060000_SURFACE_VORnG_and_WINDnG.GIF
file:///C:/Users/romu/Desktop/TRAM/2D_PLOTS/3Dmountains_ORO/GIFS_TRACER_asym_MOUNTAIN_3km_REF_SEMINARIO_con_2D_oroSTRETCH_implicit_MOISTtracer/160629060000_SURFACE_rVnG.GIF

TRAM Physics (MM5-based schemes)
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file:///C:/Users/romu/Desktop/TRAM/Figs_SEMINARIO_physics/USGS_24soils/WRF_3km_LU_INDEX.gif

NEW Form of Equations: MESOSCALE-IDEALized

ALL moist effects R4 Ry Cpm
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NEW Form of Equations: SYNOPTIC-REALcase

v
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file:///C:/Users/romu/Desktop/TRAM/2D_PLOTS_physics/3Dmallorca_ORO/GIFS_WINDclouds_brisa_CALM/040830000000_SURFACE_WINDnG_and_VILnG.GIF
file:///C:/Users/romu/Desktop/TRAM/2D_PLOTS_physics/3Dmallorca_ORO/GIFS_RAINTOT_brisa_CALM/040831060000_SURFACE_RAINTOTnG.GIF
file:///C:/Users/romu/Desktop/TRAM/2D_PLOTS_physics/3Dmallorca_ORO/GIFS_WIND_brisa_CALM/040830000000_SURFACE_WINDnG.GIF

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)

(a)

(b)

SHEAR: Weak Moderate Deep

> Us=10| 1751  25i
26 &* R
‘ 1 ot
C A ot —_ & A I
(c) ) E
’l
¢"
Weisman et al.
G
@ -/—'é 15 20 25
Weisman (1993) U(ms-1)

) Cloud top
Seeding N\ H J\/
\ MN——

Ascendin
front-to-rear flow

e

Descending rear inflow

"~ Cloud base
............ 7 Radar echo boundary

Storm motion

Houze et al. (1989) _J//f OMwH——j/\ ‘\_Ggﬁ%ﬁwmﬁwm
Low pressure High pressure

Mature cell

Stratiform rain Heavy convective
showers



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

dbz



file:///C:/Users/romu/Desktop/TRAM/2D_PLOTS_physics/3Dsquall_line_RADAR/GIFS_zonal_wk82_10_0shear/040830000100_ZONAL_SQUALL_LINE_MR.GIF
file:///C:/Users/romu/Desktop/TRAM/2D_PLOTS_physics/3Dsquall_line_RADAR/GIFS_zonal_wk82_17_5shear/040830050000_ZONAL_SQUALL_LINE_MR.GIF
file:///C:/Users/romu/Desktop/TRAM/2D_PLOTS_physics/3Dsquall_line_RADAR/GIFS_zonal_wk82_17_5shear_ORO/040830000100_ZONAL_SQUALL_LINE_MR.GIF
file:///C:/Users/romu/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/romu/Desktop/TRAM/2D_PLOTS_physics/3Dsquall_line_RADAR/GIFS_zonal_wk82_25_0shear/040830000100_ZONAL_SQUALL_LINE_MR.GIF
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> “HUGO” Intense Cyclonic Storm (ic: 00 UTC 21 Mar 2018)

(MR :dx=25km,dzm=200m, stretch=10,dt=45s ,Nstep=5, 90h)



file:///C:/Users/romu/Desktop/TRAM/Figs_SEMINARIO_physics/ERA5_MR_6h_bruno_18032000_18032618/180321000000_SURFACE_SLPnG.GIF
file:///C:/Users/romu/Desktop/TRAM/2D_PLOTS_physics/3Dsynoptic_MAP_bruno/GIFS_SLP_VIL_mr/180321000000_SURFACE_SLPnG_VILnG.GIF
file:///C:/Users/romu/Desktop/TRAM/2D_PLOTS_physics/3Dsynoptic_MAP_bruno/GIFS_WIND_mr/180321000000_SURFACE_WINDnG.GIF
file:///C:/Users/romu/Desktop/TRAM/2D_PLOTS_physics/3Dsynoptic_MAP_bruno/GIFS_RAINTOT_mr/180321000000_SURFACE_RAINTOTnG.GIF
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> “ZORBAS” Ionian Sea Medicane (IC: 00 UTC 27 Sept 2018)

(MR :dx=25km,dzm=200m, stretch=10,dt=45s ,Nstep
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file:///C:/Users/romu/Desktop/TRAM/Figs_SEMINARIO_physics/ERA5_MR_6h_zorbas_18092700_18093018/180927000000_SURFACE_SLPnG.GIF
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file:///C:/Users/romu/Desktop/TRAM/2D_PLOTS_physics/3Dsynoptic_MAP_zorbas/GIFS_RAINTOT_mr/180927000000_SURFACE_RAINTOTnG.GIF
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dx=4.5km,dzm=200m, stretch=10,dt=9s,Nstep=5, 90h)
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file:///C:/Users/romu/Desktop/TRAM/2D_PLOTS_physics/3Dsynoptic_MAP_dana/GIFS_RAINTOT_hrdouble/190910000000_SURFACE_RAINTOTnG.GIF
file:///C:/Users/romu/Desktop/TRAM/2D_PLOTS_physics/3Dsynoptic_MAP_dana/GIFS_WIND_hrdouble/190910000000_SURFACE_WINDnG.GIF
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TRAM physics 3D (SYNOPTIC-REALcase)

> “GLORIA” Extraordinary Storm (ic: 00 uTc 18 Jan 2020)
(MR :dx=25km,dzm=200m, stretch=10,dt=45s,Nstep=5,138h)

g{' /< t=0h

kg/m?


file:///C:/Users/romu/Desktop/TRAM/Figs_SEMINARIO_physics/ERA5_MR_6h_gloria_20011800_20012318/200118000000_SURFACE_SLPnG.GIF
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TRAM physics 3D (SYNOPTIC-REALcase)

> “GLORIA” Extraordinary Storm (ic: 00 uTc 18 Jan 2020)
(HR double:dx=4.5km,dzm=200m,stretch=10,dt=9s,Nstep=6,138h)
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file:///C:/Users/romu/Desktop/TRAM/2D_PLOTS_physics/3Dsynoptic_MAP_gloria/GIFS_RAINTOT_hrdouble/200118000000_SURFACE_RAINTOTnG.GIF
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BANYALBUFAR-ESPORLES Severe Supercell (29 August 2020)

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

fmta de s

% Sa Rabssg
Punta dos Verges

12 18 24 30 35 4 48 S4 60 66 T2

R e — 29 AGO 2020 08:30 UTC | Fuente: AEMET. Elaboracion: @supercelulas


file:///C:/Users/romu/Desktop/TRAM/2D_PLOTS_physics/3Dsynoptic_MAP_RADAR_severa_banyalbufar/GIFS_radar_0_75km_GFSfcst_00/200829002000_SURFACEradar_HR.GIF
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file:///C:/Users/romu/Desktop/TRAM/2D_PLOTS_physics/3Dsynoptic_MAP_RADAR_severa_banyalbufar/GIFS_restoSPEED10_0_75km_GFSfcst_00/200829002000_SURFACEresto_HR.GIF
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file:///C:/Users/romu/Desktop/TRAM/2D_PLOTS_physics/3Dsynoptic_MAP_RADAR_severa_banyalbufar/GIFS_restoT2_0_75km_GFSfcst_00/200829002000_SURFACEresto_HR.GIF
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http://meteo.uib.es/tram/

EMILIA-ROMAGNA Catastrophic Floods (16-17 May 2023)

TOTAL ACCUM PRECIP (mm) Forecast: 72:eeh / Valid: ee:eez Fri, 19 May 2023
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