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Goal: Develop WRF to be a“one

stop” tool for planetary
atmospheric dynamical modeling

Need: Global version of WRF
Planetary version of WRF
One-Dimensional (SCM) version of WRF

Constraint: Don’t break anything! (backward compatible)
Make more general, not more specific
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Globalization

e Traditional GCM or two-pole model?
— We want both

— Latter involves nesting and domain feedback -
walt till thisis done

— Traditional GCM requires east-west periodic
b.c.”s and north-south “polar” b.c.’s

— To get standard GCM global coverage, need
simple cylindrical projection <- i.e. non-
conformal map projection...
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Map Projection

WRF is aready projection

non-specific - you can use
o _ 10 m 9 olar, lambert, and mercator
X ~ R oz tar PO ’

o _ 109 0 Topeflexible, WRF uses
oY h, Oy Y Oy

definable map scale factors
(msf in the code)

Here, X isthe physical distance and x is the computational
domain distance - the msf relates one to the other

Mark I. Richardson, Anthony D. Toigo, Claire E. Newman Caltech



Map Projection

But, WRF assumes that the x-

1 9 5 and y-directional factors at any
X e m — WIE point are identical (m=m,) ->
5 1 9 this makes the equations easier
Y - g mya—_ towriteand isvalid for a
y Y g whole class of projections
used In mesoscale modeling
- not so for standard GCM

- first task was to implement separated msf’ s throughout the
em dynamical core (NOTE: we have only done thisfor ARW)
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Map Projection
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s

Y
dx
dy
dX
dY

a\ M ap PrOj ection

ao m, = — |mplemented and tested
o d) fff"" indl of the EM (ARW)
ado My = d—;{ dynamical core EXCEPT

| ey option 2 diffusion and
acospdA Mz = SCCO  yiango and 3 diffusion
ado my = 1 coefficient

The code is now designed to use the x- and y- directional factors.
The conformal domains used in WRF to-date all still work as a
special condition in which mz=m,

A version of ideal.exe was written to generate initial and boundary
conditions for aWRF GCM run (only surface b.c.’s needed)

Mark I. Richardson, Anthony D. Toigo, Claire E. Newman Caltech



Example code from horizontal diffusion in module big step utilities.F

Jj = j_start, j_end
k=ktez ktf
i = i_start, i_end

mkrdememsFE (-1, i ckmbd (i1, k, i rdx
mkrdep-meft(i, i1 xkmhd(i k, i) rdx
mrdz-msful i, i) rdx
mkrdym=0, 5 (meful i, j1mefuli, j-11) &

0,209 (kb (1 kL 3 ) skmbd (1 kL G- 10 skmbd (-1 ko, g1 skmbd (11, k303 rdy
mkrdyp=0, 5 (mefuli, i msfuli, 4130 &

0,205 Cekmbd (1 kL 3 ) skmbd (1 kL L wkmbd (-1 ko jr L) skmbd (11, k303 rdy
mrdy=msfuli, i1 rdy

rooup=i, B mul i, ) muli-1, §2)

tendency (i k. i) tendencyli k. i) roouptl &
mrde Cmkrdept(Field(icl.k, j)-Field(i Lk.j)) &
mkrdem* (Field(i k. j)-Ffield(i-1.k, ji1) &
medy’ (mkrdup (Field(i k, j+1)-Field{i,k,j 1) &
mkrdum®(field(i.k,j J-field(i k. j-1030)

J - j_start. j_end
k-kts, ktf
i = i_start, i_end

| The interior iz grad: (m_x*d/dx), the exterior iz diwv: (m_xm_g*dddx(/m_yl)
I zetting up different averagings of n™2 partial dfd¥ and m™2 partial dsd¥

mkrdzm=imsftx(i-1, i) ‘meftyli-1, i) skmhd{i-1,k, j) rdx
mkrdxp-imeftx(i, i) (meftuli, i) ) xkmhd{i, k, i) rdx
mr-de-mafuxti, i1 mefuy (i, ) rd:
I we have no pre-cal'd mef:
mkrdum=0,5%0 (mafugli, i msfugli, 31007 (msfux(i, i) msfux(i, j-120 ) &
0,25 ekmhd (i Lk, j ) rskmhd b j- 1 exkmhd (i1, bk, -1 1 xkmhd (-1, k, § 1 1 rdy
o jd= 0 mkrdgm = 0,
mkrdyp=0, 5% (mefuyli, jrmefugli, j+10) (mefuxii, jlmsfux(i, j+137 ] &
0,25 kb (1 Lk 1 ekmhd (b, g1 ekmhd (11, kgL b ekmbd -1k, § 1) rdy
0 jde-1 ) mkrdyp = 0,
| need to do four-corners (t) for diffusion coefficient as there are
I no walues at u,v points
I mefuy - has to be y az part of didY
| has to be u as we're at a u point
mrdy-mefuxii, j mefuyli. i) rdy

| correctly averaged version of rho™ * m™2 *
I [partial d/délpartial du™/d€) + partial dAd¥ipartial du™/dv)]
rooup=0, 5 (muli . j b muli-1,,§0)
tendency(i, k. ji-tendencyii.k, i) rooupt
mrdx " (mkrdept i Field{il, k,

&

k.ji-fieldii Lk.j
mkrdem(Field{i  Lk.j

Jtl

J

i &
Field(i-1.k,j10) &
Fieldli k.j 11 &

0n

mrdy” (mkrdypCFieldli,k, i
Field(i.k.j-1

mbrdum ™ (Field(i k,

R

Same loop: original WRFV 2 and global/non-conformal WRFV 2
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Polar Boundary Conditions

O
&

v=0 at poles

—
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O Zonal (east-west) velocity points
X "Mass” points {mass, w, q, tke,...)
@ Meridional (north-south) velocity points

O
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Standard
polar b.c.’s
for ac-grid
GCM have
the v-point at
the pole with
ano-flow
constraint

Implemented

for the WRF
GCM
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Planet

{j o Jj_start)

= 1 1.

1 Original WRFV 2

k-ktz, ktf .

i = i_start, i_end
mrdy-msfuli, j-1) " rdy
tendencyli. k,j-1) = tendencyli,k,j-10 — mrdy {fguli,k,jpl) fauli, k., jp0l)

Global / polar WRFV?2

(o0 jds+1) {config_flags#polar) ) /
k-kts, ktf
i~ i_start, i_end
mrdy-mefux(i, 1) rdy I ADT egn 30, 2nd term on RHS
tendency(i k,.j 1) - tendencyli,k,j-1) - mrdy Fauli, k. jpl)
Same code from ( (j == jde-1) .and. (confia_flagsipolar) )
k-kts, ktf
- i = i_start, i_end
mOd-ule—adveCt midy msFII.:J:-:{i,,jg rdy { : | AOT eq? 20, Er‘u;l term on RHS
2 4 tendencyl ik, j tendencyl ik, j mrdy “Faul ik, jpl
COndItI OnaIS prOteCt medy-mefux(i, j-10 rdy | ADT egn 30, 2nd term on RHS
. . tendency(i,k,j-1) - tendencyli.k,j-1) — mrdy (Fquii.k, jpl) Fauli k. jp0))
one-sided advection at
I hormal code
the pole
(i j_start)
kokts, ktf
i~ i_start, i_end
mirdy-msfuxi i, j-1) rdy | ADT egn 30, 2nd term on BHS

tendencyli k,j-1) - tendencyli,k,.j-1) - medy (Fauli.k,jpl)-Fauli, k. jpdl)
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Planet

Namedlist file entries:

(11 - 7
&bdy_control / Plal n_OId
periodic_x true,, .falze,..false,, f)er'IOdIC X
symmetric_xs false,,.falze,, . false,. —
symmetric_xe Jfalze, . . falze, . . falze,. N.C. SWOI’k
OpEn_xs false,,.falze,, . false,. ] .
OpEn_xe Falsze, . false,, . False,, ust fine
periodic_y false,,.falze,, . false,. ]

fFalze, . .false, ., .fFalze,.
Jfalze, .. .false, . .fFalze, .

symmetric_ys
symmetric_ye

OpEn_Yys falze,,.falze,, . falze,.
OpEn_Yye falze,,.falze,, . falze,.
nezted Jalse, . true,, .true,.
polar LLdrue,,  Ltrue,, Jtrue,,

/ ““--._-~.~.-~.~.
New projection option “polar”’, when set to “true”’ activates
the polar boundary condition at both poles and allows polar

FFT and zonal-mean damping
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Namedlist file entries:

. . Rayleigh damping option
rk_ord 3,

diff_opt 1,

km_opt. 1.

dzmp_npt i

Ea;EEDEF 0, If r]()r]'ZZ€3r(), tf1€3

khdif 1 . .

o . polar_filter option

endiv 0. activates polar FFT,

EPIZIM .

some choice of where
and what variables

non_hydrostatic
time_step_sound
b_mom_adv_order
y_mom_ady_order
h_sca_adv_order
y_sca_ady_order
polar_filter
ane_d_model
pert_coriolis
ffrt_filter_type
Py

MJ k] O] k] 51 OO+
M oM n

We'll talk about this
i, later on

Options for cut-off and gouge filter functions
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PlanetﬁlR-Fs @ .

Held-Suarez Tedts - temperature
°lc ,'\—x@:

the zonal mean temperature (k)

)
Lt 4 |

ey
Held anL;T;: ez, 1994 WRLI;“W;CI\/I
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Held Suarez Tests zonal wi nd

the zonal-mean zonal wind [U](mfs)

P : = ! :
0 aTo 1 A\W ~N
n,ﬂ \ i
- 3
0.4 1
50 41 '
0.6/ -
75 -
0.8 -
Ki 1 +=. VD : ol o ﬁnp‘i L .
90 60 30 EQ 30 60 gy 90 EQ 30 60 90
LATITUDE LATITUDE

Held and Suarez, 1994 WRF GCM
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Pl anetary Generallzatlon

ideal . exet No month Added the concept of planetocentric

list,input A '
A st 5 digit days solar longitude (L) for dates

wrf , exe® l

wrF input_dol n “planetary” mode:

wrfout_dol_0001-00001_00:00+00  _ - -
wrfout_dol_0001-00238_00: 00+ 00 month is meaning! &5
wrfout_dod_0o01-00855_oo:oo:00 - uSe planetary and Sl time - have

wr-frat_dod _Q001-005R56 _(0 (0 o) p28| variable that giVGS conversion

| JH MOTE —— can we name this gravw instead? €= Pleasel') )

Calendar system changes ..+ s

I Mars

and p| anetary phySI cal LI el e e At Ok L)
. #elze
constants activated by bifde? TITAN
(:()rT]F)iIEE.tirY]EE ()F)ti()r] © REAL . PARAMETER g = 1,388 | acceleration due to grawity (m {z}"-2)
#elze

FEAL . PARAMETER 22 g = 9,81 | acceleration due to gravity (m {s}"-2)

selected via“./configure’ senai

#endif
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Planet

balmy: homedgal ileod mirAADTa WRFYZ: | fconfigure

checking for perlh, ., no

checking for perl,., found Ausr/bindperl (perl)

Will w=e NETCDF in dir: Afoptdnetcdf

PHOFS rot zet in environment, Will configure WRF for use without,

Fleaze zelect from among the following supported platforms,

PC Linux i486 1586 i68E, PGI compiler (Single-threaded, no nesting)

PC Linux i486 i58E iG8E, PGI compiler (single threaded, supports nesting using RSL without HPI)

PC Linux i486 i586 i68E, PGI compiler SM-Parallel (OpenMP, no nesting)

PC Linux i486 i586 iB8E, PGl compiler SM-Parallel (OpenMP, supports nesting uwsing RSL without HPI)

PC Linwx i486 i586 iG8E, PGI compiler DM-Parallel (RSL, MPICH, support nesting)

PC Linwx i486 i586 iG8E, PGI compiler DM-Parallel (RSL_LITE, MPICH, Mo nesting)

Intel xeon iB8E ia32 Xeon Linux, ifort compiler (single-threaded, no nesting)

Intel xeon iB8E ia32 Xeon Linux, ifort compiler (single threaded, supports nesting wsing RSL without MPI)
Intel xeon 1686 1332 Xeon Linwx, ifort compiler (OpenMP)

Intel xeon iE8E ia32 Xeon Linux, ifort compiler SM-Parallel (OpentP, supports nesting wsing FSL without MPI)
Intel xeon iB8E ia32 Xeon Linux, ifort compiler IM-Parallel (RSL, MPICH, supports nesting)

MARS: PC Linux 1486 1586 iG86, PGI compiler (Single-threaded, no nesting)

MARS: PC Linux i486 i%86 iB96, PGI compiler (zingle threaded. supports nesting using RSL without MPI)
MARS: PC Linux i486 1986 i686, PGI compiler SM-Parallel (OpenMP, no nesting)

MARS: PC Linux i486 1986 iB86, PGI compiler SM-Parallel (OperMP, supports nesting wsing RSL without HPI)
MARS: PC Linux i486 1586 iB96, PGI compiler DM-Parallel (RSL, MPICH, support nesting)

MARS: PC Linux i486 1586 i686, PGI compiler DM-Parallel (RSL_LITE, WPICH, Mo nesting)

MARS: Intel pd iB8E ia32 Linux, ifort compiler (Single-threaded, no nesting)

TITAM: PC Linux i486 i586 iR8E, PGI compiler (Single-threaded, no nesting)

TITAM: PC Linux i486 1586 iB86, PGI compiler (zingle threaded, supports nesting using RSL without MPI)
TITAMN: PC Linux 1486 1586 i68G6, PGI compiler SHM-Parallel (OpenMP, no nesting)

TITAM: PC Linux i486 i%86 iR8E, PGI compiler SH-Parallel (OpenMP, supports nesting wsing RSL without MPI)
TITAM: PC Linux i486 1586 iG8E, PGI compiler IM-Parallel (RSL, MPICH, support nesting)

TITAM: PC Linux i486 1586 iB8E, PGI compiler IM-Parallel (RSL_LITE, WPICH, Mo nesting)

TITAMN: Intel pd iBBE 12332 Linwx, ifort compiler (Single-threaded, no nesting)

+* +* +* +* +* +* +* +* +* +* +* +* +*

+*

+* + +* +* + +* +* + +*

i o Y o e T e O L I el B el el el el el el el
[y [ R Y Oy e B e R Y [ Ry IO N I e e o o Y B Y O N e Y )
*

+*

Enter selection [1-25] : |}
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Planetm

Enter selection [1-25] @ 12

You hawe chosent MARS: PC Linwe i486 1996 i686, PGI compiler (Single-threaded, no mesting)
These are the default optionz for this platformi

# 11 7
FC pofan
LD pofa0

CC = g?c )

SFC = $(FC

T calendar

FCOPTIM = -fast

FCIEBUG = #-g

#FCBASEOPTS = -u -byteswapio -Ktrap=fp -Mfree —tp pE ${FCDEBUG) gern bm
FCEASEQRTS s -u -byteswapio -Mfree -tp pE ${FCIEBUG)

FCFLAGS S $(FCOPTIM) ${FCBASEOPTS)

ARCHFLAGS = -IDEREF _KLUDGE -DI0O_TDEREF_ELUDGE -DIWORDSIZE=4 -DOWORDSIZE=8 -DRWORDSIZE=4 -DLWORDSI

-INETCDF *

-ITRIEDMTRUE

-ILIMIT_ARGS
[WCLUDE_MODULES = -module .,/ main -1, ./ external/io_netcdf -1, ., externaldio_int -1, extey

-1, .fexternal /pemf_time_f30 %

-1, Aframe -1, fshare -1, . /phyz -1, ./ inc

on ESMF
Jesnf_tine_f30 rOUtI nes

EXTRAMODULES =
PERL = perl
REGISTRY = Registry
LIE = -L,./external/io_netcdf -lwrfio_nf -LAopt/netcdf/ 1@ -1netodf
-L..fexternal/io_gribl -lio_gribl *
LAfranesmodule_internal _header_util.o L./ fofe/pack_utils,o -L. . Jexternal/esmf_time_f30 -lesmf
_time M
—%+.HextegnalfpsmF_time_FSU ~lpsmf_time
LDFLAGS = $(FCFLAGS) -byteswapio
CPP = /liblopp - -P ~traditional PI anet and
POUND_DEF = $(COREDEFS) -DIMONSTAMDARD_SYSTEM -DF90_STAMDALOME -DCOMFIG_BUF_LEM=${CONMFIG_BUF_LEM} -TMA_DOMA
INS_F=${MAX_DOWAINS} -DPLANET -DMARS <@
CPPFLAGS s -I${LIBINCLUDE} -C -P $(ARCHFLAGS) $(POUND_TIEF) M arS
AR = ar ru
H4 = md
RANLIE = ranlib .
NETCOFPATH s foptsnetodf t
CC_TOOLS = $(CCH Op IonS

Theze will be written to the file configure,urf here in the top-lewel

directory, If you wizh to change settings, please edit that file.

If you wish to change the default options, edit the file:
archéconfigure,defaults

Configuration successzful, To build the model type compile .
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One-dimensional model

Use x- and y- direction domain sizes of 2 and 2 (for u and v defn)
Use x- and y- periodic boundary conditions

Assume that u and v are ageostrophic components, with the
geostrophic components defined by u frame and v_frame

Modify amodule initialize xoox routine to define initial values
Force map scale factors all to be unity
Force e and f to bethe same at “all four” points

(Can easily also make an axisymmetric WRF using ssimilar tricks...)
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Future

o Want to infuse global (and 1D/2D) option back into
main release WRF

« Haven't spent anytime on real.exe or on ideal.exe
Initialize routine for Earth WRF GCM

e Problem with current polar FFT: can’'t break zones -
very inefficient after nproc>8... need to fix

e Test nesting in aglobal WRF

o Want to build a seamed, two-pole global WRF similar
to the implementation for global MM5
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