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WREF Terrain-Following Sigma (mass) Coordinate

Hydrostatic dry pressure: p,
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Vertical coordinate: 7=
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g (column mass per unit area): H=Dp —D,

1
Layer mass per unitarea: p Az=—-—Ap, :—EAn

g g

Conserved prognostic variables: u, U=uu, V=uv, W=uw, ©=ué
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WRF Hybrid Pressure Vertical Coordinate

Basic terrain-following coordinate ~ Hybrid terrain-following coordinate
20 . 20
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WRF Hybrid Pressure Vertical Coordinate

Basic sigma coordinate Hybrid sigma coordinate

pd = N(ps — pt) + D pa = B(n)(ps — pt) + [n — B(n)|(po — pt) + pt

B(n): Relative weighting between terrain-following
and pure dry hydrostatic pressure coordinate:

n= Pp — Pt n = P — P for B(n) =n (basic sigma)
Ps — Pt Ps — Pt
_ Pd — P for B(n) =0 (pure pressure)
Po — Dt
Coordinate metric:
Opd Opd
pa(z,y,t) = T Ape v pa(T,y,n,t) = e B,Apc + (1 — By)(po — pt)
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WRF Hybrid Pressure Vertical Coordinate

Continuity equation for dry hydrostatic pressure:

Ci(n) = By
Co(n) = (1 = By)(po — pt)

(C,, C, depend only on 77)
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Basic sigma coordinate : Hybrid sigma coordinate
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WRF Hybrid Pressure Vertical Coordinate

Basic terrain-following coordinate ~ Hybrid terrain-following coordinate
20 . 20
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WRF Hybrid Pressure Vertical Coordinate

H=2000m 207 T
U =20m/s E I % :
Ax=1000 m ol

Az= 500 m —

At=12s,ns= 6
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Basic terrain-following coordinate Hybrid terrain-following coordinate
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Improvement of WRF Dynamics for LES Applications

Strong Sensitivity to the Acoustic Time Step
in WRF LES Simulations of Low Clouds
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DOE ARM Southern Great Plains Statocumulus Case

Initial profiles
06 LST May 13 2008

. o g |0
* Small time step sensitivity and Y -
numerical noise also occurs in WRF d
LES simulations for this case. ]
* Noise is present during first 2 hours of : 3
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Acoustic Step Time Integration Using O = pugqb
Vertical coordinate: n= pdu_ bt ltd = Dds — Dt
d
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Acoustic Step Time Integration Using e = udO(l 4 B

Rg

Vertical coordinate: n = pdu_ bt Hd = Dds — Dt
d
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DOE ARM Southern Great Plains Stratocumulus Case
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|dealized 2-D WRF Moist ABL Simulation, Ax =100 m

z (km)

U =12m/s
Ax=100 m
Az= 200 m

0
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Using 6 , the sounding profile at 1 h
is unchanged from the initial sounding.
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z (km)

|dealized 2-D WRF Moist ABL Simulation, Ax =1 km
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Using Hm, the sounding profile at 10 h
is unchanged from the initial sounding.

Mesoscale & Microscale Meteorology Laboratory / NCAR



|dealized Test Case, 2-D WRF Prototype, AXx =1 km

z (km)
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|dealized Supercell Simulation, dx =2 km,t=1h
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|dealized Supercell Simulation, dx =2 km,t=1h

w, 8 km @, 0.2 km q,, 0.2 km
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|dealized Supercell Simulation, dx =2 km,t=1h
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Summary

* In WRF LESs of low clouds, significant sensitivity of simulated cloud properties to the
acoustic time step and the growth of numerical noise is found to occur at low levels in
the vicinity of strong vertical gradients of water vapor.

* The sensitivity appears to be caused by the neglect of temporal variations in water
vapor in computing the pressure during the acoustic time steps in the WRF time-split
numerical integration scheme.

* This artificial behavior has been removed from WRF by solving for a moist potential
temperature 8., as a prognostic variable on the acoustic time steps (instead of 8),
which removes the explicit appearance of g, on the small time steps.

* Moist 6,, as a prognostic was variable released in WRF version 3.7

— Set option use_theta m =1 (default = 0)
— Include patch from WRF Web page “WRF Model Version 3.7: Known Problems
and Fixes”

* The potential impact of 8., in other WRF applications needs to be examined.

* A hybrid sigma coordinate in WRF should provide more accurate numerics, particularly
in computing horizontal pressure gradients. (Hopefully available in WRF next year).
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