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Part I:
» Approach;

+ Gravity-wave coupling/ time differencing;
* Nonhydrostatic effects;

- Advection:

» Energy transformations



"Philosophy” of the Eta numerical design:
"Arakawa approach”

Attention focused
on the physical properties
of the finite difference analog
of the continuous equations

 Formal, Taylor series type accuracy:
not emphasized;

* Help not expected from merely increase
in resolution



"Physical properties..."?

Properties (e.g., kinetic energy, enstrophy) defined
using grid point values as model grid box averages /

as opposed to their being values of continuous
and differentiable functions at grid points

(Note "physics”: done on grid boxes ! )

Arakawa, at early times:

» Conservation of energy and enstrophy;
» Avoidance of computational modes;
- Dispersion and phase speed:;



Akio Arakawa:

Design schemes so as to emulate as much as possible
physically important features of the continuous system !

Understand/ solve issues by looking at schemes for the
minimal set of tferms that describe the problem



Akio Arakawa:




The Eta (as mostly used up to now) is a regional
model:

Lateral boundary conditions ( ) are heeded

(to be briefly summarized later)



There is now also a global Eta Model:

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

133, 517-528.
s ~
J - 75 > N\
C 7] - {é’s
e \ -/ ¥ d o
A 3 b
: |
_f. - -~ N
N
' " ‘\/>§ e e 1
T \)/'\ N
-k U 4 1
| 11_, 1 £ 4 A
- °t., 4]
e :1'-‘ T
- -~ al #1
Re g < o
H | = e 11
i 1
]
-
——, A4 b
L
- DL
——




Eta dynamics: What is being done ?

, on the B/E grid: forward-backward scheme that
(1) avoids the time computational mode of the leapfrog scheme, and is
neutral with time steps twice leapfrog;
(2) modified to enable propagation of a height point perturbation to its
nearest-neighbor height points/ suppress space computational mode;

- Horizontal advection scheme that conserves
, on the B/E grid, in space differencing (Janji¢ 1984);

- Conservation of
, in space differencing;

« The eta vertical coordinate,
of the pressure-
gradient force (PGF);



e Reviews of various discretization methods ap-

o 1Ty-
GFGVITY s & plied to atmospheric models include Mesinger and

coupling scheme = = Arakawa (1976), GARP (1979), ECMWF (1984),
<€ WMO (1984), Arakawa (1988) and Bourke (1988)
for finite-difference, finite-element and spectral
X methods and Staniforth and Co6té (1991) for the
g semi-Lagrangian method.

<«

7.2 Horizontal computational mode and distortion
of dispersion relations

Among problems in discretizing the basic govern-
ing equations, computational modes and computa-
tional distortion of the dispersion ;reiations in a dis-
crete system require special attention in data as-
similation. Here a computational mode refers to a
mode in the solution of discrete equations that has
no counterpart in the solution of the original contin-
wous equations. The concept of the order of accu-
racy, therefore, which is based on the Taylor expan-
sion of the residual when the solution of the contin-
uous system is substituted into the discrete system,
is not relevant for the existence or non-existence of
a computational mode.
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F1G. 9. Contours of the (nondimensional) frequency as a function of the (nondimensional)
horizontal wave numbers for the differential shallow water equation for A/d = 2, presented

for comparison with Fig,. 8.
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FiG. 3. Spatial distributions of the dependent variables on a square grid.

Note:

E grid is same
as B, but
rotated 45°.
Thus, often:
E/B, or B/E
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"The modification”

Pointed out (1973) that
divergence equation
can be used just as well;
result is the same as
when using the auxiliary
velocity points



The method, 1973, applied to a number of time
differencing schemes;

In Mesinger 1974
applied to the " " scheme



Linearized

shallow-water

equations:
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Elimination of u,v from pure
gravity-wave system leads to
the wave equation, (5.6):

(From Mesinger, Arakawa, 1976)

d°h 9% h

We can perform the same elimination for each of the
finite difference schemes.

 The forward-backward and space-centered approxi-
mation to (5.5) is

n+1 n n n
uj U hivi-hi-1
At MY ’
. . (5.7)
h.}l T h}j + H ujnﬁfll - u;‘ji_i =0 l
At 24x ’

We now substract from the second of these equations
an analogous equation for time level n—1 instead of #,
divide the resulting equation by 4, and, finally, eliminate
all u values from it using the first of Egs. (5.7), written
for space points j + 1 and j—1 instead of j. We obtain

1 Biea=2hi 4 hia

(24x)?

W' o+ RfT
(41)*

- gH =0.(5.8)
This is a finite difference analogue of the wave equation
(5.6). Note that although each of the two equations
(5.7) is only of the first order of accuracy in time, the
wave equation analogue equivalent to (5.7) is seen to be

of the second order of accuracy.



If we use a leapfrog and space-centered approximation
to (5.5), and follow an elimination procedure like that
used in deriving (5.8), we obtain

Y Y T
(241)°

.

(5.9)

g W2+ S

(24x)? =0

This also is an analogue to the wave equation (5.6) of
second-order accuracy. However, in (5.8) the second
time derivative was approximated using values at three
consecutive time levels; in (5.9) it is approximated by
values at every second time level only, that is, at time
intervals 24¢. Thus, while the time step required for
linear stability with the leapfrog scheme was half that
with the forward-backward scheme, (5.9) shows that
we can omit the variables at every second time step, and
thus achieve the same computation time as using the
forward-backward scheme with double the time step.



Back to "modification”, gravity wave terms only:

on the lattice separation problem. If, for example, the forward—backward
time scheme is used, with the momentum equation integrated forward,

utt =u" — gAtd_h", vt =" — gAt§ h", (2)
instead of
R**' = h" — HAt|(8,u + 8v) — gAtV2h] (3)

the method results in the continuity equation (Mesinger, 1974):

o 1\
h"*t = h" — HAt| (S .u + 5},1;) = gAt( 1\7_‘.'_/2. + ET;(IZH : (4)

Single-point perturbation spreads to both /1 and A points |

Extension to 3D: Janji¢, Contrib. Atmos. Phys., 1979



Eq. (4) (momentum eq. forward):

Following a pulse perturbation (height increase) at the
initial fime, at time level 1 increase in height occurs at four
nearest points equal to

This is not ideal, but is a considerable improvement over
the situation with no change at the four nearest height
points |

In the code: continuity eq. is integrated forward.
"Historic reasons”. With this order, at time level 1 at

the four second nearest points a occurs, in the

amount of 1/2 of the increase at the four nearest points |

Might well be worse? However:



Experiments recently (2006) made, doing 48 h forecasts,
with full physics, at two places, comparing

continuity eq. forward, vs momentum eq. forward

No visible difference ! (Why?)



.."Q’J'J’J FITITATITSTI NN

St SN TLRTS
CRL S TATNTITETATTSTA
. A L )

: N ETISES NN

F o : | LV i A A n

Impac‘r of D TEE m Az N\

\ . . . n - O ’ - . . 3 . A
modification™: AN T,

upper panel, used
lower panel, not used

b 1

s

~3 "l"v&‘d‘

L Ll i ()

3 f - AN ICETIN

- NN L PSUOLNIOSNUNS Ny Ao e runu s,
20N L I i e o i L e e A
NN MINAIAUABAE N NN AN FUNAT SR A,
| A L e e i e B L I s e e e
! N U NN NN AL AN AN A AU AL U Y A,
| LAt e et el bt B Ol 2 Lttt it i O It ol
AAANI AN A AN N AN Y U e ’\J"JN"

NNNVW'\A'\J '\l '\F‘V\NNW \IN'\I "3 ‘V'\l \" a)

NNNMNNN!’JNW\JN(\MFM

aTTeTYTTT" A -y Tw wITTCEa
geswe V) Y ) ) A ) 1) cava :(\
gTTww N ) ) ) ) FrTTaaT
sTT ey (14 A1)y ey | e s
o -y ) Nt Lttt A AL AT
aa Rtiiabnd ot - ) el FF TIITI
b . e L e o yw Fway
Iz " " Q " Ll avaw zese
x Ll LTl L] Fascox -
aT N e ne - B39 Labaal ST s N
e NN Y e @ v e Fz1Y=
. =4 UUTIUTIUY T TIT N e VI3
: W o <2 Iz >z A,
24 | | ! | wwnfva T e . T - =
o080 i H ' | > T L L, aa I3 JIFI=TS
Qs9 loa. | { m aw Lol Ll F\JPSETT ITYTITSTS
oaa oo | 0' wanpHen ga N AT Ng @ FapII 2
' ‘ | NFNNN TS - A e T TN Qe T =
wn { | oA nanan T = vzuaa seIT a
S | =N wAn = A, LT eTTes 2 ¥ o s
) i 1 ANN " PRy SITITIS ThEs TS
| RO NN e FSTITTIYSTIT PTITT
‘mmﬂ@nﬁm I M Fgagzaagasz{(zazx
o =T Y O DOET I TTN"
LAl W FTT PEER L E L i 0 a3 =3
! LNV NN TITIT T I3 , ITITITET
H FUTED A N s T I SsITITa x
ao ! w WUV N i | asasas n sce
sa oo ! I P i ) . T T > az CEL
- oUW e N TIITT Q= FITTIT TT =
' AR AL A A AT ) 3TN FF TaIAT FITIITIIT2
ANV o S IIITTITITTY 3T Tz
7 37 2333, TXIIZTT I 3
T TIT | FIISTIST N ad
X ' IFITTATI T
se ” ' T ea= ==
FIIIF MM L T T
FITTIIT Jsgmgog — 3
T¥XITY T FATTAXT AT @
N T IITTTT JITTITTTTII
nuowwn e s W N FTaz3aaaqs aaaa
A T T AMAID LN eI Iz gI=T FIF R
AT A wmn mmﬂmnamnwnnmnmmm anan TTFTITIT IITI T TIT ITI
. Ll Rt LU T I P T sl FaIFIIID aaas

® Figure 8 Sea level pressure, 00 GMT 24 August 1975, 24 hr forecast with variable boundary conditions. Above: with
w =_.25; below: with w = 0,



Time differencing sequence ("splitting” is used):

Adjustment stage: cont. eq. forward, momentum backward
(the other way around might still be a little better?)
Vertical advection over 2 adj. time steps

Horizontal diffusion:;

Repeat (except no vertical advection now, if done for two time steps)

Horizontal advection over 2 adjustment time steps
(first forward then of f-centered scheme, approx. neutral);

Some physics calls;
Repeat all of the above;

More physics calls;
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?+(V'V)V=—kav—th,
4

(1)
oh +V-(hv)=0.
ot
is replaced by @=—kav—th,
o - (2) as the “adjustment step”,
—+V-(hv)=0.
ot
and
ov :
P (v-V)v=0, (3) as the “advection step”
Note that v-Vh (corresponding to pressure in 3D case) is carried

(or, stage), even though it represents advection!

This is a necessary, but not sufficient, condition for energy conservation in time differencing in
the energy transformation (“wa”) term (transformation between potential and kinetic energy).
Splitting however, as above, makes exact conservation of energy in time differencing not possible
(amendment to Janjic et al. 1995, slides that follow). Energy conservation in the Eta, in

transformation between potential and kinetic energy is achieved

Time differencing in the Eta: two steps of (2) are followed by one, over 2At, step of (3).



How is this figured out?
To achieve energy conservation in time differencing one needs to replicate what happens
in the continuous case. Energy conservation in the continuous case, still shallow water egs.

for simplicity:
ov
a_+(v-V)V = —kaV—th, (11)
t

1.2
%+V-(hv)=0. (1.2)
ot

To get the kinetic energy eq., multiply (1.1) by Av, multiply (1.2)by 1 ., and add,
2

ilhv-v+h(v-V)%v-v+%v-vV-(hV)=—ghv-Vh (4)

dt 2
For the potential energy eq., multiply (1.2) by gh,

Il e v gnv-givy=0 ()

ot 2
Adding (3) and (4) we obtain

J 1 1 ., 1 5
—(=hv'v+—92h)+V-(=v-Vvhv)+ V- (2hv)=0. (6)
at(z 58 ) (2 ) (gh™v)

Thus, the



For conservation terms that went into one and the other
divergence term have to be available ;

e Kinetic energy in horizontal advection (the 1st divergence term):

Formed of contributions of horizontal advection of v in (1.1), and mass divergence in (1.2)
Not available at the same time :
cannot be done;

e Energy in transformations potential to kinetic (the divergence term):

Formed of the advection of h term on the right side of (4), coming from the pressure-gradient
force, and the mass divergence term of (5), coming from the continuity eq.;

Both are done in the adjustment stage with the splitting as in (2) and (3);
cancellation is thus possible if the two are done at the same time

However: they are ;

Thus, with the forward-backward scheme, cannot be done;

Time steps used for the adjustment stage very small;
not considered a serious weakness

(Eta at 10 km resolution is typically using adjustment time step of 20 s)



(a switch available),
Janjic et al. 2001:
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- Advection

Horizontal
velocity
components:

e horizontal adveclion scheme :

differential
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Fig. 3.12. Mechanical analogies of the constraints imposed on the

non-linear energy cascade in the continuous case, in the case of the
C-grid energy and enstrophy conserving scheme, in the case of the
E-grid energy and enstrophy conserving scheme, and in the case of

the scheme due to Janjié (1984).
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Janjic 1984

+ Arakawa-Lamb C grid scheme written in ferms of u,,v,;
» write in terms of stream function values (at h points of
the right hand plot);

* these same stream function values (square boxed in the
plot) can now be transformed to ug, v,
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Vertical: "Standard” Eta: centered Lorenz-Arakawa, e.g.:

a_ ol
i

E.g., Arakawa and Lamb (1977, "the green book", p. 222). Conserves
first and second moments (e.g., for u,v: momentum, kin. energy).

There is a problem however: false advection occurs from below

ground. Replaced with a piecewise linear scheme of Mesinger and
Jovic (2002)



Advection of passive scalars (moisture, cloud water/ice):

In “"standard” Eta:

Horizontal: Janjic (1997) "antidiffusion scheme"
Vertical: Piecewise-linear (Mesinger and Jovic 2002)



From Mesinger and Jovic :

Dashed: original
distribution

Solid: after 1st
iteration

j+1 j+2 j+3 j+4 j+5

Figure 1. An example of the Eta iterative slope adjustment algorithm. The initial distribution is
illustrated by the dashed line, with slopes in all five zones shown equal to zero. Slopes resulting
from the first iteration are shown by the solid lines. See text for additional detail.



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
online at ).

A comprehensive study of the Eta piecewise linear scheme

including comparison against five other schemes (three Van
Leer's, Janjic 1997, and Takacs 1985):

Most accurate; only one of van Leer's schemes comes closel



» Conservation of energy in transformation kinetic
to potential, in space differencing

» Evaluate generation of kinetic energy over the model's
v points;

+ Convert from the sum over v fo a sum over T points;

» Identify the generation of potential energy terms in
the thermodynamic equation, use appropriate terms
from above

(2D: Mesinger 1984, 3D: Dushka Zupanski in Mesinger et al. 1988)
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The Eta Model Dynamics, Part IT:

Pressure-gradient force, eta coordinate



Why eta coordinate (motivation) ?



What is the sigma PGF problem?

In hydrostatic systems:

-V ¢ —>-V ¢-RTVIn p,

The way we calculate things, ,

p
¢ =@y —RdfTvdlnp

Ps
Thus:

We could do the same integration ; but: we measure the
surface pressure, thus, calculation “from the top” !

In nonhydrostatic models: very nearly the same



Example, continuous case
PGF should depend on,

variables from the ground
up to the p=const surface:

O¢ . OPS

The best type of sigma scheme: ;

will depend on 7., ,, ,.;, which it should noft:
will not depend on , which it should.

The problem aggravates with resolution | (If the steepness does)



102 F. MESINGER AND Z. L. JANJIC ;- 148&5

MG‘?\V\@(;V 'qu ) TABLE 1.

Errors of the pressure gradient force analogs obtained using the Corby et al. and the
Burridge-Haseler schemes, for the “no inversion case” and the “inversion case”’; see text
for details. Values are given in increments of geopotential (m*s~?), between two neighbor-
ing grid points, along the direction of the increasing terrain elevations. (Note that some of
the numbers in the last two lines are slightly-different from those published in the referred
paper; this is a result of the removal of an error that Mesinger has found in his program for
calculation of the Burridge-Haseler scheme values. The numbers published previously
actually represented errors of a scheme which, within the geopotential gradient term, used
geopotentials of the o = 0.9 surface rather than values defined by (4.22).)

Ae= 1/5 1/15 1/25 --- lim

Ao—0

S e 1512 -487 290 --- 0
no inversion case
£ aeschime ~159.6 -159.6 -159.6 --- -159.6
mversion case
Bu‘r‘ndg.e-Has'eler schime 0 0 0, w; 0
no 1mmversion case

Burridge-Haseler scheme 0 -142.1° -1533 ... ~159.6

“inversion case”




Thus:
Norman Phillips (1957) "sigma™:

O=— (Or,later, o= Ll )
Ps Ps = Pr

(Arakawa ?)
Mesinger (1984) "eta"

- P(25)=p
n= P~ Pr Nes Mg = RS T
Ps — Pr prf(O)_pT




“Step-topography” eta:

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 u component of velocity, temperature and
surface pressure, respectively. N 1s the maximum number of the eta
layers. The step-mountains are indicated by shading.



In early tests eta/ sigma,
and in those somewhat later in NCEP's

full-physics "Eta Model", Eta did extremely well:



FiG. 6. 300 mb geopotential heights (upper panels) and temperatures (lower panels) obeained in 48 h simulations using the sigma system (kft-hand panels)
and the ¢ta system (nght-hand pancls). Contour interval is $0 m for geopotential beght and 2.5 K for temperature,
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André Robert
Memorial Volume:

The Eta Model Precipitation Forecasts / 407

Equitable Threat - All Periods
SIGMA para Sept 21 - 29 1993

e | e e e e e e e
+ ETA B@/38
x ETAY SIGMA
X RAFS B@/16
@ GLOBAL
G2 = = = e — —— = = — — — s . . . Y O M N S R Sty S O S S
il s s vt i sl 5 il o
8.91 6.19 8.25 3.50 g.75 1.99 1.50 2.90
8378 5262 3200 1692 947 516 210 125
THRESHOLD {1IN]
total obs pts ETA 88 km grid
Fig. 3 Equitable precipitation threat scores for two versions of the Eta Model: Eta 80 km/38 layers

(“ETA™), and the same version of the Eta Model but run using sigma coordinate (“ETAY™),
and for the NGM (RAFS), and the Avn/MRF (“global™) Model; for a sample of 16 forecasts
verifying 1200 utc 21 September through 1200 utc 29 September 1993. Eight forecasts are
each verified once, for 12-36 h, and the remaining eight each twice, for 00-24 and for the

2448 h accumulated precipitation. 3
Quite a few more |



However,

a 10-km Eta in 1997 did a poor job on a case of the
so-called Wasatch downslope windstorm, while a sigma
system MMb5 did well; also: Gallus, Klemp (MWR, 2000)
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Gallus, Klemp,
MWR 2000,
Fig. 6 (a),
horizontal
velocity
0

("Witch of Agnesi” mountain)



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 ??



One "eta favorable” experiment at the time though, done in 2001:
Eta (left), 22 km, switched to use sigma (center), 48 h position
error of a major low increased from 215 to 315 km

1—_-‘“*“

\

~ Just as in earlier experiments at lower resolution



Even so: the downslope windstorm problem;
also:

Claims made (Colle et al. 1999) claiming that sigma system
MM5 is better than Eta in placing precip over

topography:



Thus, when NCEP's "Nonhydrostatic Mesoscale
Model” (NMM) derived from the Eta, was implemented on
"hi-res windows" in 2002,

NOAA-wide announcement:

"This choice will avoid the problems encountered at high
resolution (10 km or finer) with the step-mountain
coordinate with strong downslope winds and will improve
placement of precipitation in mountainous terrain”.



Also: This was just a step toward development of an NCEP
version of the "Weather Research and
Forecasting” ("WRF") model - and continued precipitation
results favoring eta had not enough power to convince
management to return to the eta



The downslope windstorm problem:

1) What counts is not so much small mountains, but
much more large mountains (e.g., Rockies, Andes l)
Many eta/sigma experiments suggest that it is in
simulating the impact of large mountains that the
benefit from the eta is at its most conspicuous;



The downslope windstorm problem:

2) The problem of the eta in getting the flow all the
way down on the lee side of the mountain can be
understood and addressed.



Addressing the downslope windstorm problem:
Flow separation on the lee side (a la Gallus and Klemp 2000):

Potential temperature (K) at t = 6.00 h

v W o~ 00 N 2 0

H\ IIIIIIIIIIIIIIIIIIIIIIIIIIII [N NN

CONTOUR FROM 2 TO 18 BY 1 CONTOUR FRCM 289 TO 295 BY 1




Suggested explanation

----------------------------------

Flow attempting to move from

; | ; box 1 to 5 is forced to enter box 2
v T, v T, v T3 v first.

. As aresult: some of the air which
L Py — - should have moved slantwise
v Ty v from box 1 directly into 5 gets
p,— deflected horizontally into box 3.




The sloping steps, vertical grid

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

=
I
|
|
|
|
|
|
=
i
|




Horizontal treatment, 3D
Example #1: topography of box 1 is higher than those of 2, 3, and 4;

:

. X
. ’ N
N . N //
N , N
N . N //
N7 N
~ S
7’ N /7 N
, , N
’ AN ’ b
, N
\
, N
, N 4 N
. N

Inside the central v box, topography descends from the center of T1 box
, linearly, to the centers of T2, T3 and T4



Example #2: topographies of boxes 1 and 2 are the same, and
higher than those of 3, and 4; " !

Topography descends from the centers of T1 and T2 down by one
layer thickness, linearly, o the centers of T3 and T4

If two opposite, or if three topography boxes are the highest of
the four: No slope



Slantwise advection of mass, momentum, and temperature,
and “wa”:

Horizontal velocity (m/s) at t = 6.00 h Potential temperature (K) at t = 6.00 h

/ — ,7 _- —
IIIIIIIIIIIIIIIIIIIIIIIIIIIII ! NN NN

CONTOUR FROM 5 TO 13 BY 1 CONTOUR FROM 289 TO 295 BY 1

294,

Velocity at the ground immediately behind the mountain increased from between
1 and 2, to between 4 and 5 m/s. “lee-slope separation” as in Gallus and
Klemp ~ removed. Zig-zag features in isentropes at the upslope side removed.



Example of slopes with an actual model topography:




Precipitation: continuously eta-favorable results

Now three-model precipitation scores were available,
on NMM ConUS domains ("East" ,..., "West"),
available Sep. 2002 to 2005

» Operational Eta: 12 km, driven by 6 h old GFS forecasts
(a considerable handicap compared to GFS of the same initial time);

, , driven by the Eta;

(Global Forecasting System) as of the end of Oct.
2002 T254 (55 km) resolution,
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The first 12 months of three model scores:

East

Equitable Threat, Eastern Nest, Sep 2002-aAug 2003 Bias, Eastern Nesgt, Sep 2002-Aug 2003
Eta . Eta
o - MM T EETEEE = - NMM
———————————————— GFS ——— e ————-—.GFS
Observation counts: Observation counts:
3498476 2023725 1255316 666577 373246 215337 79835 32875 8260 3498476 2023725 1255316 666577 373246 215337 79835 32875 8260
: . ; ; : . ; ; - ; : ; . ; ; ; ;
L
— ~ PR
.40 TN TR rad T Teo GFS -7
L R a7
- '9\‘\\\ \\\ -
0.354 o RN 1.2 S
“ = il LT Ul R - N, =
\\a 3_()—— %———_.—"EL‘__?
0.30 [ e
T 1.0+ "‘\.\_
w B .
0.25 Ty T S
e e 0.8 N
NN N
0.20- Etq . 6FS
a \“\\-7 \\¥ 0.6 m\‘.\
0.15 RN b
N - ™,
T T 0.4 ™
-, . =,
‘,—7\»% 3
Ty 0.2
0.05 - RN
e
I 0.0 T T T T T T T T T
.00 ' ! ' ! ' ! ! ' 0.0l 0.10 0.25 0.50 0.75 1.00 1.50 2.00 3.00
0.01 0.10 0.25 0.50 0.75 1.00 1.50 2.00 3.00 : : : : s : : : :

Threshold (Inches) Thresheold (Inches)

ETS (Equitable Threat Score) Bias

Is the loosing (winning) because of its bias difference?



W

(includes

" Feb. 2004 - Jan. 2005

California precip,
winter 2004-2005)



Eg. Threat,

The last 12 months, now West

Western lest, Feb 04-Jan 05

s Eta
LM

Observation counts:

0.40

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0.00

3107013 1273120 589141

237658 116838 65419 23617 10361 2516

Threshold (Inches)

Bias,

Observation counts:
3107013 1273120 589141

Eta
LM

237658

Western Nest,

116838

Feb 04-Jan 05

65419 23617 10361

2516

s NMM

— A
— N
—x
—
N
N
D.01 10 25 D0.50 0.75 1.00 1.50 2.00 0o

Threshold

(Inches)

Is the green model loosing to red because of a bias penalty?



An example of
precip at one
of these
events:

(8 Nov. 2002,

red contours:
3 in/24 h)

An
extraordinary
challenge to do

well in QPF
sense |




There is a problem however with using the
ETS:

A model can have a higher ETS because of
its erroneously high bias |



The problem addressed first in a conference paper:

J12.6
17th Prob. Stat. Atmos. Sci.; 20th WAF/16th NWP (Seattle AMS, Jan. ‘04)

Fedor Mesinger! and Keith Brill?

'NCEP/EMC and UCAR, Camp Springs, MD
’NCEP/HPC, Camp Springs, MD




and more recently - much more successfully(l) - in

Mesinger, F., 2008: Bias adjusted precipitation threat
scores. Adv. Geosciences, 16, 137-143. [Available online at

]



Objective:
obtain ETS adjusted to unit bias,

to show the model's accuracy in placing precipitation



\\deAll
method:

F: forecast,

H: correctly
forecast: “hits"

O : observed d

as Fis increased by dF, ratio of the
infinitesimal increase in H, dH, and that in false
alarms dA=dF-dH, is proportional to the yet
unhit area:



dH
d_A=b(0_H) b = const

Differential equation, can be solved
(Mathematica, or MATLAB)

H(F) obtained that now satisfies an additional
requirement of dH/dF never > 1



dHdA method

H
120 ¢

| H=0 /
100
80 |

[ H=F
60t
40} H(F)
20t




ETS, bias,

Eg. Threat, Eastern Nest, Feb 04-Jan 05

Eta

Observation counts:
34498662017237 1265655 676161 386399 232222 88759 38209 11784
T

Threshold (Inches)

East

Bias,

Eastern Nest, Feb 04-Jan 05

Eta

Observation counts:

3449866 2017237 1265655 676161 386399 232222 88759
T

38209

11784

Threshold (Inches)



ETS, bias, West

Eq. Threat, Western Nest, Feb 04-Jan 05

Eta
WREFNMM

Observation counts:

31592331291964 596790 239966 117840

65891 23716

10392

2526

0.10

0.25 0.50 0.75 1.00 1.50

Threshold (Inches)

2.00

3.00

Bias, Western Nest, Feb 04-Jan 05

Eta

Observation counts:
31592331291964 596790 239966 117840 65891
T

23716 10392 2526

Threshold (Inches)



ETS corrected for bias, East, West

DHDA Bias Adj. Eg. Threat, Eastern Nest, Feb 04-Jan 05 DHDA Bias Adj. Eq. Threat, Western Nest, Feb 04-Jan 05

Eta Eta
————————————————————— WRENMM Se-ee-----<--------WRFNMM
————————————— GFS -—-=-----=-----GFS
Observation counts: Observation counts:
3449866 2017237 1265655 676161 386399 232222 88759 38209 11784 31592331291964 596790 239966 117840 65891 23716 10392 2526
T T T T T T T
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00 T T T 0000 T T T T

Threshold (Inches) Threshold (Inches)



More recent results - comparison of Eta against the
WRF-NMM, but with WRF-NMM using a new data
assimilation system (from DiMego 2006)

Unfortunately, no correction for bias - not needed if
biases are about the same
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Other model "families":
RAMS, MM5, NCAR WREF, . ..

Among models using or having an option to use
quasi-horizontal (eta or eta-like) coordinates :

» Univ. of Wisconsin (G. Tripoli);

- RAMS/OLAM (R. Walko);

- DWD Lokal Modell (LM: Steppeler et al. 2006);
- MIT, Marshall et al. (MWR 2004);

* NASA GISS (NY), 6. Russell, (MWR 2007)

Apparently increasing as time goes on ?
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