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"Sloping steps” Eta. A number of Eta dynamical
core features following NCEP operational code.

CPTEC version (http://etamodel.cptec.inpe.br/):

* Nonhydrostatic option (Janji¢ et al. MWR 2001),
as in NCEP's "Workstation Eta"”, same as in NCEP's
WRF/NMM;

Subsequently:

- Finite-volume vertical advection of dynamic
variables, (van Leer-type scheme of Mesinger
and Jovi¢, NCEP Office Note 2002)
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FIG. 1. Schematic representation of a vertical cross section in the
eta coordinate using step-like representation of mountains. Symbols
u, T and p, represent the ¥ component of velocity, temperature and
surface pressure, respectively. N 1s the maximum number of the eta
layers. The step-mountains are indicated by shading.

Over the years, five documented tests eta vs sigma;
in all of them eta did better. Used at NCEP in near-real
time for North American Regional Reanalysis (NARR)



However: "Eta Gallus-Klemp problem” (MWR 2000)
Bell-shaped ("Witch of Agnesi”) mountain:
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Gallus and Klemp (2000), Abstract:

“The simulations reveal that for inviscid flow over a
mountain using the step-terrain coordinate, flow will
not properly descend along the lee slope. Rather, the
flow separates downstream of the mountain and
creates a zone of artificially weak flow along the lee
slope. This behavior arises due to artificial vorticity
production at the corner of each step and can be
remedied by altering the finite differencing adjacent to
the step to minimize spurious vorticity production”.



Eta: bad press for quite some time:

“ill suited for high resolution prediction models”

Schar et al., Mon. Wea. Rev., 2002;
Janjic, Meteor. Atmos. Phys., 2003;
Steppeler et al., Meteor. Atmos. Phys., 2003;

Mass et al., Bull. Amer. Meteor. Soc., 2003;
Zangl, Mon. Wea. Rev., 2003;

more

In addition;

Colle, B. A., K. J. Westrick, and C. F. Mass, 1999: Evaluation of MM5
and Eta-10 precipitation forecasts over the Pacific Northwest during the
cool season. Wea. Forecasting, 14, 137-154.



A 2002 announcement of the replacement of the 10-km
Eta, run at NCEP on the so-called HiResWindow
nests, by an 8-km NMM, among other points stated:

“This choice [of the vertical coordinate] will avoid the
problems . . . with strong downslope winds and will
improve placement of precipitation in mountainous
terrain” (Geoff DiMego, personal communication, 19

July 2002).



Upgr‘ade of the eta discretization:

Vertical grid: The central v box exchanges momentum, on its right side,
with v boxes of two layers:




In the 2012 Meteorol. Atmos. Phys. paper:

An upgraded version of the Eta model
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Fig. 3 Gallus-Klemp experiment, with parameters chosen so as to mimic the results shown in Gallus-Klemp (2000) Fig. 6. Control, left panel,

code using sloping steps eta discretization, right panel -



Subsequently, in running nonhydrostatic version of the Eta
code, at 1-km resolution over a region of very rough
topography, considerable noise was seen, and blow-ups
occurred. E.g. paper presented Wednesday, Chou et al.:

High-resolution forecasts over complex topography of
Southeast Brazil
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In the Eta, Smagorinsky-like scheme, diffusion change
proportional to

<5x, (376,u)+6, (2", u)> At

A standing for finite-ditference velocity deformation
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Thus: diffusion
change cannot be
controlled by a
simple change of the
diffusion

coefficient !
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Thus: diffusion
change cannot be
controlled by a
simple change of the
diffusion

coefficient !

Blue —> red —> green

each time “diffusion
coefficient" doubled

Top panel: measure
of noise in sea level
pressure
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Fig. 1. Upper panel: Average absolute sea level pressure difference between model output points and
four-point averages of their nearest surrounding points, as a function of time, in hours, for three values
of the coefficient a in (3), and for the first of six experiments performed. Values of a used are equal to
0.04, 0.08, and 0.16, for the blue, red, and green curves, respectively. Lower panel: Average
precipitation, in mm/hr, at model output points, for the same experiment and with the same colors
used as in the plots of the upper panel.



To refine the diffusion scheme / prevent blow-ups:

Limit diffusion change not to change the sign of
the finite-difference Laplacian used

Unconditionally stable and monotonic Smagorinsky-
like horizontal diffusion scheme
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Looking at the diffusion code, it was noted that the
horizontal diffusion code was not made aware of
the sloping steps discretization:

/
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Horizontal velocity (m/s) att = 6.00 h
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Simulation of the Gallus-Klemp experiment with the Eta code
allowing for velocities at slopes in the horizontal diffusion
scheme, right hand plot. The plot (c) of Fig. 6 of Gallus and
Klemp (2000), left hand plot.
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"Sloping steps”: improved eta discretization,
corrected for an oversight, removes the Gallus-
Klemp problem of flow separation in the lee of a

bell-shaped mountain
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"Sloping steps”: improved eta discretization,
corrected for an oversight, removes the Gallus-
Klemp problem of flow separation in the lee of a

bell-shaped mountain

A feature of some concern: highest velocities on top of
mountain. Possible further refinements: slopes extending over
more than one grid point, and/or along cliffs of more than one

step.
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Some of the references that might have been
used:

Arakawa, A., and V. R. Lamb, 1977: Computational
design of the basic dynamical processes of the UCLA
general circulation model. Methods in Computational
Physics, Vol. 17, ]. Chang, Ed., Acad. Press, 173-265.

Colle, B. A., K. J. Westrick, and C. F. Mass, 1999:
Evaluation of MM5 and Eta-10 precipitation forecasts
over the Pacific Northwest during the cool season.
Wea. Forecasting, 14, 137-154.

DiMego, G., 2006: WRF-NMM & GSI Analysis to
replace Eta Model & 3DVar in NAM Decision Brief.
115 pp. Available at http:/ /
www.emc.ncep.noaa.gov/ WRFINNAM/ .

Gallus, W. A., Jr., and J. B. Klemp, 2000: Behavior of
flow over step orography. Mon. Wea. Rev., 128,
1153-1164.

Janjic, Z. L., J. P. Gerrity, Jr., and S. Nickovic, 2001: An
alternative approach to nonhydrostatic modeling.
Mon. Wea. Rev., 129, 1164-1178.

Mesinger, F., and D. Jovic, 2002: The Eta slope
adjustment: Contender for an optimal steepening in a
piecewise-linear advection scheme? Comparison
tests. NCEP Office Note 439, 29 pp (Available at
http:/ /wwwt.emc.ncep.noaa.gov/ officenotes).

Mesinger, F., and D. Jovic, 2002: The Eta slope
adjustment: Contender for an optimal steepening in a
piecewise-linear advection scheme? Comparison
tests. NCEP Office Note 439, 29 pp (Available at
http:/ / wwwt.emc.ncep.noaa.gov / officenotes).

Mesinger, E.,, and K. Veljovic, 2013: Limited area
NWP and regional climate modeling: A test of the
relaxation vs Eta lateral boundary conditions. Meteor.
Atmos. Phys., 119, 1-16, doi: 10.1007 /
s00703-012-0217-5.

Mesinger, E, Z. I. Janjic, S. Nickovic, D. Gavrilov, and
D. G. Deaven, 1988: The step-mountain coordinate:
model description and performance for cases of
Alpine lee cyclogenesis and for a case of an

Appalachian redevelopment. Mon. Wea. Rev., 116,
1493-1518.

Mesinger, F., S. C. Chou, J. Gomes, D. Jovic, P. Bastos,
J. E. Bustamante, L. Lazic, A. A. Lyra, S. Morellj, L.
Ristic, and K. Veljovic, 2012: An upgraded version of
the Eta model. Meteor. Atmos. Phys., 116, 63-79.
[Available at http:/ / www.springerlink.com/ content/
0177-7971/116/3-4/.]

Zhang, H., and M. Rancic: 2007: A global Eta model
on quasi-uniform grids. Quart. . Roy. Meteor. Soc.,
133, 517-528.

21



