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Presenter
Presentation Notes
This material is largely from NMM which was replaced by NMM-B on 18 October 2011.  Some updates are included based on the meted website on ‘Operational Models Encyclopedia’ google doc.



sources:

Borrowed heavily from these
NCEP documents.

http://www.mmm.ucar.edu/wrf/
users/tutorial/200807/NMM_ Dy
namics_jul2008 FINAL.pdf

http://www.mmm.ucar.edu/w
rf/users/tutorial/200807/tut_
dyn_arw_200807.pdf

Meted ‘Operational Models

Encyclopedia’ google doc on
NAMB (2017)

+ Links

https://sites.google.com/a/ucar.edu/model-encyclo-determ/deterministic/namb

ree Hotmail indows Marketplac indows Media indows mported From Fire:
Free H | Windows Marketp: Windows Media B% Wind Imported From Firef

MetEd

HOME DETERMINISTIC MODELS PROBABILISTIC MODELS WAVE MODELS

DETERMINISTIC
GFS NAMB - Introduction
NAMB

October 2011

RAP

The first mesoscale model run at the National Centers for Environmental Prediction (NCEP) was the Nested Grid Model
(NGM) in 1987, at 80km resolution and 16 levels. This was replaced operationally by the Eta medel in 1995, though the
NGM continued to be run to post-process model output statistics (MOS). The Eta model had a step mountain (eta)
coordinate which improved its ability to simulate blocked atmaspheric flow, and included what was at the time a
comprehensive model surface and atmasphere physics package.

HI-RES WINDOW

In 2006, NCEP replaced the Eta in its North American Mesoscale model “slot” with the Weather Research and Forecast
(WRF) - Non-Hydrostatic Mesoscale Model (NAM). This model was the preduct of direct collaboration between
operational and research modelers. Finally, the North American Mesoscale model on an Arakawa B grid, or NAMB,
replaced the WRF-NAM in October 2011 and is still in use as of this writing.

Use the expanded navigation menu for the NAMB to look through the dynamical and physical components of this NCEP
model.
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Basic Principles

Use full compressible equations split into
hydrostatic and nonhydrostatic contributions

- Easy comparison of hydro and nonhydro solutions
- Reduced computational effort at lower resolutions

Use modeling principles proven in NWP and
regional climate applications

Use methods that minimize the generation of
small-scale noise

Robust, computationally efficient



Vertical Coordinates

Mass Based Vertical Coordinate

For simplicity, consider the sigma
coordinate as representative of a
vertical coordinate based on

hydrostatic pressure (n): SENNGGG———|
T
!,1.
2u = ﬂ’..s _Er “

T, = model top & \ -
S
. = surface & W



Hybrid Vertical Coordinate

Pressure-sigma hybrid (Arakawa and Lamb, 1977)

Has the desirable properties of a terrain-following,

pressure coordinate:

« Exact mass (etc.) conservation

« Nondivergent flow on pressure surfaces

-

= No problems with weak static stability
= No discontinuities or internal boundary conditions

And an additional benefit from the hybrid:

« Flat coordinate surfaces at high altitudes where sigma
problems worst (e.g., Simmons and Burridge, 1981)

e



Vertical Coordinate

« NAMB has ptsgm at 300 hPa

Pressure-Sigma Hybrid Vertical Coordinate

over (1.0-0.0) in
both realms.

The namelist 0.0 0y 00 0
values (1.0 -
0.0) apply over pressure
the entire range
atmosphere.
v
0.4 1] 04 ptsgm
0 ™

These namelist

interface values sigma

are renormalized range




'S
Vertical

Pressure-Sigma Hybrid Vertical Coordinate
>range
Pr , |
ta, =0 —
eld, =
PD pressure range 2
1o 0<eta, <1
Pr+PDrop{
PD 7o 10I0e eta) =1
gmdrange -
o~ O<efar <1
PN

Pressure-Sigma Hybrid Vertical Coordinate

[ ]
The namelist
values (1.0 -
0.0) apply over
the entire

atmosphere.

0.0

0.4

0
pressure
range
Y
1

0.0

0.4

0

ptsgm

p =eta, *PDyop + eta, *PD + Py



Presenter
Presentation Notes
I *think* that PD is a pressure difference from the interface to bottom, it is the eta2 that varies with the sigma level to find the pressure p along that sigma surface. So, PD depends in part on surface pressure and thus is a prognostic variable making surface pressure is diagnostic from PD.  P = what is on the LHS of the plot.


.

Pressure-Sigma Hybrid Vertical Coordinate

0.0

0

Vertical Coordinate |z - {
o Continuity Eqn: R s
Equations in Hybrid Coordinate  sgms
1| 10 |1

pressure range V_ e(V)+ a_ﬂ) =0
p ap
——{PD6 =0 |——
Sma ra IPD APDG)
& y [ 2 J
Teina rangs D o pD s _o
o~ ot Jo

— N



Presenter
Presentation Notes
Have matching between sigma dot used in the sigma range for vert motion and omega used in the isobaric coord portion.  PD varies, but in a simple proportional way to surface pressure. Can only use one, PD is chosen. 


Pressure-Sigma Hybrid Vertical Coordinate

i 1 The namelist 00 0,00 0
Vertical Coordinate |g=@
0.0) apply over pressure
the entire range
. atmosphere.

» Pressure gradient can cause large T e 1 o o
accelerations near topography in 2
terrain following coordinates, These namelist |
especially at high elevations. interface values Some

« Hybrid with boundary at about 400mb both realms. |
(~7km) can reduce that spurious | 1o |72
acceleration. (Notice smaller winds .,
(left figs) and smoother potential
temps. (”ght fIgS) Example of nonphysical small scale energy source

CONTOUR FROM —4.5 TO 4.5 BY .0

Winq compone_nt de_veloping c_iue to the spurious pressure 12 h potential temperature forecasts (CINT=3 C)
gradient force in an idealized integration. The hybrid coordinate
) o from 00Z January 13, 2005.
boundary between the pressure and sigma domains is at at
about 400 hPa.



Terrain-
following
Eqgns

Inviscid, adiabatic, sigma (Janjic et al., 2001, MWR)

Analogous to a hydrostatic system, except for p and ¢

p is the total (nonhydrostatic) pressure
m is the hydrostatic pressure

Momentum eqn. a_v:_v-V’Gv—dsl—(l+£)Vgt1)—o:‘?gp+fk><v
o

ot
Thermodynamic JT -dT o dp - dp
—=-v.VT-c—+—[—+v.V_pto—
eqn- ar o do_ Cp [dr G.'D U]
- : _ /
ol I(Uc) a=RI1/p
Continuity eqn. EJFVG (V) + o =0
1 dw
€ :—?
3rd eqn of a—p=1+g g at
motion v
Hypsometric 9P _  RT
eqn. Jo S op

_1do _1 BE+V.VG<P+&8£

W i —
0

Nonhydrostatic
g dt g adt

continuity egn.


Presenter
Presentation Notes
Mu is function of pi.
7 (scalar) eqns, 7 Unknowns: u,v,   T, p (or PD), sigma-dot, Phi, w
Note that surface pressure mu is obtained from PD which contributes to p here.


Terrain-
following
Egns

Themodynamic O __ ¢ p GO @@ g, 50,
eqn. ot Jdo ¢, Jt Jo
Side note: separation of the thermodynamic

equation into two parts

o _ V. V(,T—da—TnLg[a)l +, ]
dt Jo ¢,
e . -
£)1 :_V.vcf_da_TJrLawl Reduces to
o 5 do ¢, 5 (_ hydrostatic
@, =(1+8)8—E+V-Va_p +(I+€)da_yr equation for e=0
t c
- N
oT :Lamz Vanishes for
ot ; €p N — purely
o, =_p—(1 +g)_7r hydrostatic flow
ot ot —

= @ w, € are not independent, no independent
prognostic equation for w!

= £<<1in meso and large scale atmospheric
flows

= Impact of nonhydrostatic dynamics becomes
detectable at resolutions <10km, important at
Tkm.



Flux Form

e EXpress
advective terms
with implicit use
of continuity
eqgn. for better
numerical
treatment.

Hydrostatic pressure coordinate:

hydrostatic pressure T

n= (’r _xt)’
H

ﬂ=”s_7rr

Conserved state variables:

u, U=pu, V=pv, W=uw, O=u8

Non-conserved state variable: ¢ =gz

p(z)An = Ar = —gpAz

Tnviscid. 2-D aU +prcx c—:?p N dp d¢ _ AU B O‘QH
equations dt dx dn dx dx on
without rotation: i ol dp | _  dUw  JQw
dt f an dx an
Jd0 oUe Q06
— + — + — =uQ
Jdt dx Jan
ot oU  dQ
— + — + — =0
dt dx an
dg _
dr £
- - - ?
Dlagnost1c 90 _ Cne. p = RO Q=i
relations: dan Dol
. . F—+apda—p +g_d_pc_’_¢ = — d_U” - d.Q“
Moist Equations: gy dx @, dn ox dx an
ow o dp dUw  dQw
a—+g J“d - | = — I —
t o, dn dx an
My U R,
dt dx an
d AU d(Q
(ﬂ{dqu,f) N Uq,,) L (Qq,,) - 10,
Jdt dx an ’
¥
Diagnostic relations: % =—oyll,, p= kO
U _poﬂfdav



Presenter
Presentation Notes
I guess they did not want to write the ‘y direction’ terms for simplicity here. 2-D refers to x and vertical coord.
Capital omega like a vertical motion (not planetary rotation)


Boundary Conditions

« Vertical motion (in the o coordinate frame) vanishes at
top and bottom of atmosphere

 Non-hydrostatic difference disappears at the top, Is
constant with o at the bottom.

Vertical boundaries:

Top: =0 ,p—n=0

Ip—7) _
00

Surface: 0=0 0

p is the total (nonhydrostatic) pressure
m is the hydrostatic pressure



Model Variables
WRF-NMM predictive variables

 Mass variables:

PD — hydrostatic pressure depth (time and space
varying component) (Pa)

PINT — nonhydrostatic pressure (Pa)

= T — sensible temperature (K)

Q — specific humidity (kg/kg)

CWM - total cloud water condensate (kg/kg)

Q2 — 2 * turbulent kinetic energy (m2/s2)

 Wind variables:

= U,V —wind components (m/s)


Presenter
Presentation Notes
this Q is qv in other equations shown earlier.
The PD is that depth of the total atmosphere, split into upper and lower parts and equal to what was the Greek letter pi elsewhere here. It is what defines the coordinate levels.
PINT is the p elsewhere, the nonhydrostatic pressure


Numerics (semi-implicit)

General Philosophy
° >
« Explicit time differencing preferred where

possible, as allows for better phase speeds and
more transparent coding:

» horizontal advectionofu, v, T
= passive substance advection of q, cloud water, TKE

« Implicit time differencing for very fast processes
that would require a restrictively short time step

for numerical stability:

= vertical advection of u, v, T and vertically propagating
sound waves


Presenter
Presentation Notes
TKE is that Q2 variable from the prior slide


Numerics

Vertical advection ofu, v, & T

Crank-Nicolson:

T+ T
y =)

_l e TH1 (T
A 2[.1‘(}- )+ /()]
Stability:

An implicit method, it is absolutely stable
numerically.

Horizontal advection of u, v, T

2nd order Adams-Bashforth:

T+l T

y = _i T _l e 71
A7 —zf(,\-) 2.1‘(,.\ )

Stability/Amplification:

A-B has a weak linear instability (amplification) which can
be tolerated in practice or stabilized by a slight off-centering
as is done in the WRF-NMM.

= 1533£() - 0533 (")

At T


Presenter
Presentation Notes
Backwards implicit for vert advect (incl sound waves) tau+1 time level unknown, put on LHS

A-B scheme overestimate with negative correction. Adds computation diffusion to smooth things.


Numerics

Fast adjustment processes

Advection of TKE (Q2) and moisture (Q, CWM) Forward-Backward (Ames, 1968; Janjic and Wiin-Nielsen,
1977; Janjic 1979): Mass field computed from a forward
time difference, while the velocity field comes from a

« Similar to Janjic (1997) scheme used in Eta hackward time difference.

model:

In a shallow water equation sense:
= Starts with an initial upstream advection step

- . e du oh oh ou

» anti-diffusion/anti-filtering step to reduce = T80, T s
dispersiveness -
: e B = B - AtH
= conservation enforced after each anti-filtering step — ox

. T+l _ T \
prevent generation of new extrema. W= = Al to update wind from

maintain global sum of advected quantity, and oht ! } Mass field forcing
T+1 time


Presenter
Presentation Notes
The other schemes can develop <0 values, even for stuff that can’t be <0. So TKE, moisture can’t be <0 so a conserving scheme used. Not sure which type this is, could be like a semi-Lagrangian.
Upstream difference preserves phase speed well, but looses amplitude of advected quantity (here TKE)

Not sure what the fast adjustment does, but presumably this is a geostrophic adjustment of the u to match the wind after h at new time level is calculated.


Numerics

e Time step (dt) All dynamical processes every fundamental time step,

proportional to except. ...
time that fastest
mode treated
explicitly can
traverse the grid
Interval (dx)

...passive substance advection, every other time step

Model time step “dt” specified in model namelist.input is
for the fundamental time step.

* So, acoustic
waves or certain Generally about 2.25X the horizontal grid spacing (km),
g ravity waves or 350X the namelist.input “dy” value (degrees lat).

can limit the dt

e dt ~30-50s for (Juldehm.es for time step -
12km dx At 1n seconds should be about 6 *Ax (grid size in

kilometers). Larger Af can be used 1 smaller-scale
dry situations, but time step sound (default = 4)
should increase proportionately 1f larger Az 1s used.


Presenter
Presentation Notes
Formula lower right dt < 72 sec.
Passive advection in part because using smaller time steps for acoustic-wave related terms


.

Numerics
 (ARW is a variation on WRF)

Time Integration in ARW

3rd Order Runge-Kutta time integration

t+Ar

advance ¢' — ¢

o =o'+ R(9)

0" =g+ S R(o)
¢:+A;=¢': + AFR(Qb”)

Amplification factor 0, =iko: ¢.”+1= Ao™; ‘A‘ - 1- (kATT
24

Time-Split Runge-Kutta Integration Scheme
[Ir - Lfasr(lj) + leow([D

3rd order Runge-Kutta, 3 steps

L(UY U
1 1 ] 1

I 1 1 1 1

t t+dt/3 t+dt
L (U% U

m 1 1

I 1 1

t t+dt/2 t+dt
Ls(U “) et

Wm

t t+dt

* RK3 i1s 3rd order accurate for
linear eqns, 2nd order
accurate for nonlinear eqns.

+ Stable for centered and
upwind advection schemes.

+ Stable for Courant number
Udt/dx < 1.73

* Three L (U) evaluations per
timestep.


Presenter
Presentation Notes
Time step is iterative by splitting the time step.
R is the stuff on the RHS that is treated explicitly
2 intermediate values used before reaching the next time step: t+dt level. Star and star-star not stored after use. ** is in middle of time interval dt, so final eqn looks like a centered difference in time. 
This scheme has slight amplification. 



Numerics

(ARW is a variation on WRF)

Various filters are used to control high frequency and unrealistic oscillations.
4 of examples shown (there are other numerical filters)

ARW Filters: Vertical Velocity Damping

Purpose: damp anomalously-large vertical velocities
(usually associated with anomalous physics tendencies)

Additional term:

AW = ... = pu Sign(W)(Cr — Cr)

| Qat
| pdn

o

Crg=1.0 typical value (default)
¥, = 0.3 m/s? recommended (default)

ARW Filters: Upper Level
Gravity-Wave Absorbers

(2) Traditional Rayleigh Damping - idealized cases only!

i
i (
v

a (
au?
Fn (
ae —

2 (

|
!
4
L)
—_—
E
|
L
S

z,4 - depth of the damping layer

¥, - dimensionless damping coefficient

~ win? |[E _ Zrop—2 w o (e sy T2} - dampi te (!
(z) = e SIN [’: (1 _ﬁ_)] for 2 2 (Zop — 2a); 7] ping rate (t1)
0 otherwise,

ARW Filters: Divergence Damping

Purpose: filter acoustic modes

pT=p" +v(p —p

0-U" + ;Lt‘(.vt (" Oup)a”

+ (ofag) [ D" + (Q:,-(bl* w7 = Ry"

+ (o) i 0,0 + (0,01 @w ™ 1) = Rt

T_AT) since pgNCQV'pV

¥y~ 0.1 recommended (default)

ARW Filters: 2nd-Order Horizontal Mixing,
Horizontal-Deformation-Based K|,

Purpose: mixing on horizontal coordinate surfaces
(real-data applications)

1
2

K, = C? 12 U.25(D11 — D22)2 + D_%gwy

where [ = (AmAy)l/Z
Dy =2m? [Bt(m’lu) — zx,f)z(m’lu)]
Dy, = 2m? [(’)y('m_lv) - :yi)z(m_lﬂ)}
Dy =m? [(')y('m’lu) - zy('?:(mflu)
+0,(m™M) — 2,0.(m™'v)]

C,= 0.25 (Smagorinsky coefficient, default value)


Presenter
Presentation Notes
Rayleigh damping – pulls variable back to a mean state (overbar) at a rate r.
2nd order horiz mixing – uses multiple derivatives to preferentially reduce amplitude of smaller scale or higher freq components present


Numerics . q

 (ARW is a variation on WRF)

* Numerical advection is not perfect.
Some variables (like moisture) can

develop unrealistic negative values.
 Renormalization tries to remove those

spurious values

Positive-Definite Flux Renormalization

Scalar update, last RK3 step

()2 = (ue)' — ALY &a[fi] (1)

i=1

Moisture Transport in ARW

1D advection

timet time t + At

«— overshoot

/ undershoot

> X

ARW scheme is conservative,

but not positive definite nor monotonic.
Removal of negative q

results in spurious source of i .

PD Limiter in ARW - 1D Example
Top-Hat Advection

Cr = 0.5, 1 revolution (200 steps)

(1) Decompose flux: [, = fupwind 4 fe

(2) Renormalize high-order correction fluxes _f;"’ such that
solution is positive definite:  f¢ = R(f¥)

3rd order 4th order 5th order 6th order
No Limiter
V‘I '.L v _.'.#'AV

(3) Update scalar eqn. (1) using f; = f#""d + R(f¥)

Positive Definite

L nn

Skamarock, MWR 2006, 2241-2250




Pressure-Sigma Hybrid Vertical Coordinate

Vertical Coordinate |z ...(1"|
¢ ContinUity Eqn: o 1] o4 0 ptsgm
Equations in Hybrid Coordinate s

110 7

Vertical discretization

})?*ES.S'HF*E Tﬂf?g@

— 7 @
sigma range — " &
S — Vertical advection combines

the advective fluxes
B
A o e ] com p ute d a b ove an d b e | oW

/\ Lorenz the layer of interest.




Vertical
Coordinate

NAMB vs NMM:

Still 60 layers, but
spacing changed

Thinner layers In:

— Stratosphere

Thicker in mid-
upper troposphere

Pressure alone
above 300 hPa

Pressure-Sigma Hybrid Vertical Coordinate

The namelist 0.0

values (1.0 -

0.0) apply over

the entire
atmosphere.

0.4

0 0.0 0
pressure
range
v
1 0.4

ptsgm

1.0

e
NAM-WRF versus NMM-B Layer Thickness

These namelist
interface values
rrrrrrrrrr lized
over (1.0-0.0) in
both realms.

Layer Number Index
~wovoliataRUNRNBLYRRYEEERRE2009 8

DOos 0100 OMS5 0020 0025 0030 0035
Sigma-Pressure Layer Thickness (p/p./}

MNAM-WRF

MMM-B

NOAA/NCEP
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Presentation Notes
Fewer layers in mid to upper troposphere so that:
Increased stratospheric resolution to improve data assimilation of satellite radiances
Good PBL resolution retained
P coordinates change over is now higher than before.



Horizontal Staggered Grid

« NAMB: Arakawa ‘B’ grid

AN ——



Presenter
Presentation Notes
T and q are offset from winds


Staggered Grid v | v

General Philosophy

 Conserve energy and enstrophy in order to control
nonlinear energy cascade; eliminate the need for
numerical filtering to the extent possible.

» Conserve a number of first order and quadratic  Arakawa ‘B grid
guantities (mass, momentum, energy, ...).

» Use consistent order of accuracy for advection and
divergence operators and the omega-alpha term;
consistent transformations between KE and PE.

* Preserve properties of differential operators.



Staggered Grid

« Derivative in advection and divergence
operator is average of several combinations
of differencing options.

* Averaging operators can result in scheme
that conserves things that should be

conserved
e Mass point
® wind point
(®
° (® °
(O—Fo—(0—F~e—(o) .
o © o
1/3 of contribution to 2/3 of contribution to
divergence/advection (® divergence/advection
comes from these N/S comes from these

and E/W fluxes. diagonal fluxes.

mass point

wind point

avg wind point


Presenter
Presentation Notes
The black and red figs may be for Arakawa E grid


Boundary Conditions

(BCs)

GFS forecast (starting 6
hrs prior) provides
boundary conditions for
this limited area model.

Linear in time and bi-
linear in space transition
from specified GFS
outermost and NAMB
predicted innermost grid
values

Additional nesting to
iInner layers in NAM use
the NAM values but is
one-way: inner affected
by outer, but outer not
affected by inner grid.

Grid interval change by
factor of 3 Is typical.

' ¥ —F
\ ’ '
NMM-B Blending of Lateral Boundary Conditions  Legend
from Quter to Inner Nested Grids 8T
e

L @ L & — & —%—8 8 % 8 —8—0 0
L L4 L4 @ L L L @ L L4 L4 @ L
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Boundary Values Specified from GFS or NAM-B Parent
The COMET? Program




Vertical BCs v | v

T— T —7T
V ’ v
¢ Top Of atmosphere NMM-B Blending of Lateral Boundary i_.':nnditiﬂns Legend
IS rlgld Ild. from Quter to Inner Nested Grids ::L%
o Surface BCs are S
dynamical and R RRRSIRRI
based On tlme' -.i.:.t.t.t.t.t.t.t.t.a.i.u
Vary|ng processes ....'...,-,.n.r..n..-,.q........
largely handled in SO I SEICICNCIE IR SO
parameterization
schemes (covered Joteletelo s 00 0 Ta e la 0]
In anOther -.o.w.o:‘o Fﬂed%mamaa'".o.o.o.ﬂ.o.t
presentatlon) ...o‘-.:'-‘o'-'-'-‘o._.-.-'
‘ .L.Enun:aw 'U':ruEE :peciﬁ:d fm: GFS.UI NA:'I-B F':ren‘t i
The COMET? Program




o Fourier filtering (to remove small

|nteg rati()n scales and high frequencies)

also done at each stage of the

Sequence acoustic loop and once again.

Begin time step

— Runge-Kutta loop (steps 1, 2, and 3) d
(1) advection, p-grad, buoyancy using @f,ﬁqﬁ* , qb)
(1) physics 1f step 1, save for steps 2 and 3
(111) mixing, other non-RK dynamics, save...
(1v) assemble dynamics tendencies
Acoustic step loop -
(1) advance U.V, then 1.0, then w, ¢
(11) tme-average U,V Q)
End acoustic loop «
Advance scalars using time-averaged U.V, Q
<+— End Runge-Kutta loop « y
Adjustment physics (currently microphysics)

End time step



O « Sequence of events within a solve_nmm loo
q — P
I nte ra_tl O n (ignoring physics):
g 0.6%) = PDTE - integrates mass flux divergence, computes
vertical velocity and updates hydrostatic pressure.
Seq U e n Ce (26.4%) = ADVE — horizontal and vertical advection of T, u, v,

Coriolis and curvature terms applied.

(12%) = VTOA — updates nonhydrostatic pressure, applies oo
° > term to thermodynamic equation
8.6%) = VADZ/HADZ — vertical/horizontal advection of height.
_ w=dz/dt updated.
£=—v-?gv—d‘,al—(He)Vg@—o.'Vaerkav

EY do (10.6%) * EPS — vertical and horizontal advection of dz/dt,
vertical sound wave treatment.

%: —v.voT—(}g—;+;[%+V.vap+U.§_g] (relative % of dynamics time spent in these subroutines)
W o) (19.5%) ® VADZXHADZ (every other step) — vertical/horizontal
o Ve =0 — advection of g, CWM, TKE
W
P .. _&dt] (118%)= HDIFF — horizontal diffusion
or
(1.2%) = BOCOH - boundary update at mass points

JP RT
o N (17.5%)= PFDHT — calculates PGF, updates winds due to
e e o PGF, computes divergence.

g di g o 9o 2.3%) = DDAMP — divergence damping

(0.3%) = BOCOV — boundary update at wind points


Presenter
Presentation Notes
Just adiabatic (mostly) contributions shown


» Rotates the earth’s latitude/longitude grid
M ap such that the intersection of the equator and
prime meridian is at the center of the model
domain.

Projection

« The rotation minimizes the convergence of

e Rotate |at. meridians over the domain, and maintains a
more uniform earth-relative grid spacing than
& |0ng- exists for a regular lat-lon grid.

\4

Sample rotated lat-lon domain (red), with
earth lat-lon lines (black)

o T

For a domain spanning
10N to 70N:

Ax o< cos(lat)

Regular lat-lon grid

cos(70°)/cos(10°) = 0.347

m— P

Rotated lat-lon grid
c0s(30°)/cos(0°) = 0.866




Polar boundary condition (pole point).

Map
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Meridional velocity (v) is
undefined at the poles.

Zero meriodional flux at
the poles (cell-face area is
Zero).

v (poles) only needed for
meridional derivative of v
near the poles (some
approximation needed).

All other meriodional

derivatives are well-
defined near/at poles.
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NAM Domains

Extended
domains
Include
Alaska,
Hawalll,
Puerto Rico.
Typical plots
just over
CONUS

Higher
resolution for
special cases

NAM-B Parent and CONUS, Alaska, Hawaii, Puerto Rico, and

Example Fire Weather Nest Domains
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Presenter
Presentation Notes
Higher resolution for fire weather in southern California area on this particular map – that region can be moved around to suit the situation.


NAM topography

e Elevations in m for grid interval of 12 km (Eta topography)

NAM Terrain Elevation {m x 10) NOAAINCEP



CONUS Nest Pacific NW NMM-B Topography

NAMB
topography g

Elevations in m 1806
12 km grid interval s
Resolves 75 to 100 Hes

km in scale (6-8 i
grid pts) i
Cannot resolve: “
— Individual

convective cells or
clusters of cells

— Lake breeze
circulations

— Mountain valley
circulations

— Sea breezes
— Qutflow boundaries




NAMB Dynamics Summary

Robust, reliable, fast

NWP on near-cloud scales successful more
frequently and with stronger signal than if only by
chance

Replaced the Eta as NAM at NCEP on June 20, 2006
Updated again: NMM - NAMB in 2011

Near-cloud-scale runs (~4 km grid spacing)
operational at NCEP for severe weather forecasting

Operational as Hurricane WRF in 2007

Operational and quasi-operational elsewhere.

* Nothing said yet about physics parameterization schemes!


Presenter
Presentation Notes
New limited area model: NAM-B replaced NMM on 18 October 2011. The dynamical core is pretty similar, though.
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