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This study explores the development of
a new numerical model for ultra-high resolution
simulations using Ax = O(10) m.

+ Steep slopes are represented over

mountainous and urban areas.

+ Commonly-used terrain-following approach
induces large errors around steep slopes.

Another representation method of topography
Is required for ultra-high resolution models.
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Terrain-following approach
(e.g., MM5, WRF, NICAM)

Equations are discretized on a grid that conforms to
the lower boundary.
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+ The imposition of the lower boundary condition is
greatly simplified.

+ Truncation errors due to nonorthogonality lead to
artificial circulations around steep slopes.
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2-D mountain wave simulations using
a terrain-following model (Satomura, 1989)

(km) W (t = 600 min) (km) W (t = 60 min)

10 == ~ & T 10 T “,' | T T

| | §
| A S

v R SRR 4+ .

o[ AL

0 L L ) TRV I L P 0 I% Wi

100 120 0 180 200 496 498 500 502 504 506 508

. (km) L . (km)
bell-shaped mountain semi-circular mountain




We developed a new 2-D nonhydrostatic
atmospheric model using Cartesian coordinates
code-named “Sayaca-2D".

+ Fully compressible quasi-flux form equations
are used as governing equations.

+ The shaved cell method based on finite-
volume discretization is used.

+ A cell-combining approach is used that
employs a unique variable arrangement.
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Governing equations
(Satomura & Akiba, 2003)
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+ Quasi-flux form fully compressible equations

4+ Well suited to finite-volume discretization in the
view of conservation characteristics.
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Shaved cell method (Adcroft et al. 1999)

Topography is approximated by a piecewise linear
function on Cartesian grids.

+ Equations are discretized by the finite-volume method.

+ Cartesian coordinate approaches do not suffer from
truncation errors in terrain-following models.
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Key points in shaved cell modeling

(1) How to avoid severe restrictions on time steps
due to small cut cells ?

+ Small cut cells require small time
steps to satisfy the CFL condition.

+ We should avoid this severe
restriction on time steps to keep
the computational time reasonable. —
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Key points in shaved cell modeling

(2) How to accurately evaluate the pressure gradient
near the ground?

In shaved cell model, some
pressure points are underground.

It happens that a cell may not have
pressure points necessary to
calculate the pressure gradient.

Some models use a way to ; :
prognose underground pressure. 7
(Tseng & Ferziger 2003, Walko &

Avissar 2008)




Cell-combining approach
(e.g., Udaykumar et al. 1997; Ye et al. 1999)

Small cut cells are combined with neighboring cells either
vertically or horizontally.
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+ Avoiding severe restriction by CFL criteria maintaining
the rigid evaluation of cell volumes.

+ It also keeps the model’s conservation characteristics.




A unique arrangement of variables
(Yamazaki and Satomura, submitted to MWR)

This arrangement enables simple computations of
the pressure gradient without using underground values.

+ Velocity components on the _L | ‘ | l | L_
topographic boundary are 1 1 1
diagnostically evaluated. i T T
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+ The pressure gradient is only _ | |
computed on the velocity cells
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with centers in the fluid, and all
of them retain rectangular shapes.

4+ There is no need to combine i
velocity cells. o scalar variables

o velocity components
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Model descriptions of “Sayaca-2D”

m Dynamics

Dimension

2-D

Governing equations

Fully compressible non-hydrostatic system

Spatial discretization

Finite volume method

Time integration

Leap frog with Asselin filter

Temporal scheme

All explicit

Shaved cell method with a cell-combining

Topography approach

= Physics

Subgrid turbulence .
parametarization 1.5 order (Klemp and Wilhelmson,1974)




Numerical examples of mountain waves

Two-dimensional numerical simulations of flow over a
mountain are performed using the developed model.

(1) Flow over a bell-shaped (2) Flow over a semicircular
mountain mountain
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(1) Flow over the bell-shaped mountain

(a=5km, h=100m,Ax =1km, Az

50 m)
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(1) Flow over the bell-shaped mountain
(a=5km, h=100m,Ax =1km, Az =50 m)

Normalized Flux
«m)  (t=600 min)
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Sayaca-2D reproduces a sufficiently accurate flow
over gentle slopes.
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(2) Flow over the semicircular mountain
(r=1km,Ax=Az=500m)
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(2) Flow over the semicircular mountain

(r=1km,Ax=Az=500m)
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analytical solution
(Miles & Huppert, 1986)

Sayaca-2D can reproduce smooth and accurate flows
over gentle as well as steep slopes.
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Summary

A new 2-D nonhydrostatic atmospheric model
code-named “Sayaca-2D” was developed.

+ The shaved cell method is used along with a cell-
combining approach.

+ A unique staggered arrangement of variables enables
quite simple computations of the pressure gradient
near the boundary.

+ Sayaca-2D reproduced smooth and accurate flows

over gentle as well as steep slopes, where significant
errors are observed in a terrain-following model.
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Prevention and Mitigation ot Meteorological Disasters
in Southeast Asia.”
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