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N\ Overview

NCAR

Code reorganization
» Setup parameters
» Reorganization: main driver, tinit, topolog split into horizontal/vertical/IMB
» Common blocks
» New variables
» 3D Jacobian of the coordinate transformation

New I/O options

» Serial/Parallel netcdf output and restart

» COSMO coupler (mesoscale applications)

» WRF coupler (LES applications)

» Runtime analysis (PBL/microphysics based on RICO/porous media)

New parameterizations / technical options

» Physics: surface layer, microphysics (ice AB, bin), radiation (Utah/CCM2/etc.)
» Numerics: steretching in SGS1, extended SGS2, POLES=1, polar absorbers, itras

» New model formulations: pseudo-incompress, incompress Euler, bussinesq,
deep atmosphere; FUTURE: MHD, compressible

Predefined TEST CASES
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N\ Code reorganization

NCAR Remove redundancy in parameters
fidefine MOISTHOD @ /= B=DRY, 1=BULK-WARH, 2=BULK-ICE A+B, 3=BIH-WARM *f
fidefine SGS 1 F= DIFFUSIOH: ®=ILES, 1=0LD DISSIP, 2=DIS5IP AHR ®f
fidefine CHEHIS 8 /= PASSIUE TRACER: B8=0FF/1=0H ®f
fidefine LAGDIS 1 f= PASSIUE TRACER: 8=0FF/1=0H ®f
fidefine IHMRSE B8 f= IMMERSED BOUHDARY: 8=0FF/1=0H ®f
CCCCCCCCCCCCCCCCCCCCOCCCCCCCCOCOCCCCCCCCCCOOLLEEE CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!
¢ Chemistry control immersed boundary
et i
. . CCCCCCCCCCCCCCCE BCCCCCCCCCH
c ——-— ichm - chemistry on (1) / off (@) . _
c —— nspc - number of chemical species] parameteg (1mrsb=IHRSE)
c —— ilgd - lagrangian dispalcements
CCCCCCCCCCCCCCCCOGE CCCCCCCCCCCCCCCCCC

{ichm=CHEMIS,
ilgd=LAGDI
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N\ Code reorganization
ncaR - Move ‘all’ options to parameter files/blockdata

(L
c GCRK solver and preconditioners

e
¢ —— 1lrd - set the size of Krylov subspace lord=1rd

c ——— itmn - minimum number of outer cycles of pressure iterations

C e.g., calls to preconflapc: see 288 loop below

c ——— iprc - use preconditioneer {default on), igrid=1 (B grid) -> iprc=8

c ——— ispcpr - use spectral preconditioneer {default off)

I
C ——» seg common/itero/f -» niter,nitsm,icount,miter,mitsm, jcount,eer,eem

c ——» see common/itero/ -» itp@,eppB,itp1,eppl

c —-» see common/precond/ -» beta,itr,line

c —-» see common/indz/ -» el,e2,e3

CCcococooo = B

ccccccccccccccccccccccccccccccccccccccccccccccccciccc
parameter{itmn=1)

parameter{iprc=8)
parameter{ispcpr=8)

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

c ——— HPDATA icontrol parameters

B e

c-->» iord@ - number of mpdata iterations; iord8=2 defult 2nd order mpdata

C--> isor - isor=3 third order mpdata, isor=1 default for 2nd order mpdata

C--> nonos - nonos=1 nonoscillatory option {(monotonicity ehnacement)

C--> idiv - idiv=8 default for soundproof equations

[: ————————————————————————————————————————————————————————————————————————————

c variables with "a"/"m"/"i" at the end for ta/mpdatmn/inter respectively

CCCCCCC TCLLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCOEn CCCCCCCC
parameter{iordBa=3,isora=3,nonosa=1,idiva=1) * mpdata2/mpdata3d

parameter{ isorm=1,nonosm=1,idivm=1}) ¥ mpdatm2/mpdatm3
parameter{ nonosi="1 } * inter2finter?
parameter{impli1d=1,iord1d=1,nonos1d=1 Y} * moist 1d aduec
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N Code reorganization
NCAR common blocks

i

rm -f common.guwimpl

cat > common.guwimpl << “\eof’
common/gquimpls dthe{1-ih:np+ih,1-ih:mp+ih,1,3)

"“eof"

i

rm —f cCoOmmoOn.profmn

cat > common.profm <{{ "\eof’
common/profn/tme{1-ih:nmsp+ih, 1-ih:mmsp+ih, 1lms},
. que{1-ih:nmsp+ih, 1-ih:mmsp+ih, 1ms),
. gce{1-ih:nmsp+ih, 1-ih:mmsp+ih, 1ms)},
. gre{1-ih:nmsp+ih, 1-ih:mmsp+ih, 1ms)
common/fprsss/qus{1-ih:nmsp+ih, 1-ih:mmsp+ih, 1ms)

"“eof"

i

¥m -f common.tinits

cat > common.tinits << "‘eof’
common/tinits/ initi,lipps

"\eof’

Hnnin

rm —f common.ctherm

cat > common._ctherm << “‘eof"

common/ctherm/ vg,cp,cap,st,q,th8d,ttéf,prdd,rh@dd,udd,vBd,udz,v

common/ctherds bu
"SNeof'

subroutine 1lstsq( ,a,h)
#include “param.nml”
#tinclude "msg.inc"

fiinclude “incl/common.lsty”
dimension th{nz}),z{nz)

sy=8a

sz=8

syz=a

szz=8

do k=1,nz
y(ky=alog{th(k))

end do

do k=1,nz
gz =52 + Z(Kk)
gzz = 522 + z(k)=z(k)
syz = syz + yiki=z(k}
sy = sy + y(k)

end do

a=(sy*5zz-sz*syz)}/{float{nz)*5zz-5z%52)
b={float{nz)=syz-sy=xsz}/{Float{nz)=xszz-5z%x52}
a=exp{a)

return
end

subroutine rhngck{rho)
ttinclude “param.nml*™
ftinclude "msg.inc"

include “incl/common.sphere”
#include “incl/common.metric'
#tinclude "incl/common.metrit™
#iinclude “incl/common.adapt”

tnp+ih, 1-ih:mp+ih, 1)

#if (TIHEPLT == 1)
call ttbeg(22)
ttendif
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N Code reorganization
NCAR new variables

* New environmental variables: w, qc,, qr,

common/profl/thB{1-ih:np+ih,1-ih:mp+ih,l},
. rho{1-ih:np+ih,1-ih:mp+ih,1)},
. the{1-ih:pp+ih,1-ih:mp+ih,1},
. ue{1-ih:np+ih,1-ih:mp+ih,1),
. vp(d-ihoppsihd=ihomptih 1),

] < we{1—ih:np+ih,1—ih:mp+ih,1},>
. Zeri 1)

common/profmn/tme{1-ih:nmsp+ih, 1-ih:mmsp+ih, 1ms},
. queii-ih: ih ih- +ih, 1ms},
qce{1-ih:nmsp+ih, 1-ih:mmsp+ih,

qre{1-ih:nmsp+ih, 1-ih:mmsp+ih, 1ms)

* Full pressure

CCCCCCCCCCCCCCCCCCCCCCCCCCCE
c create actual full pressure variable
CCCCCCCCCCCCCCCCCCCCCCCCCCCE

#include “incl/common.pact” /=pact ,pbeqg*/
idiS RiEiEa
rm —f common.pact

L s

cat > TETT

common/pactu/ pact{1-ih:np+ih,1-ih:mp+ih,1},
.- pbeq{1-ih:np+ih,1-ih:mp+ih,1)

"Zeof*

RiuudHi
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N\ Code reorganization
NCAR 3D Jacobian

#include "incl/common.jacobian™ f* g11 .... 933, c11 ... c33 =/

gi18=1_/{{1-icylind)=*gmm{i,j,K)*cosa{i,jli+icylind=1.)}
g228=1_/gmnn(i,j.k)
gi1=strxx{i,jy=g110
g12=stryz{i,jl=q110
g13={s13{i,Jy*gmul{k)-h13{i,]))=gnus{k)=q110
g21=strzy{i,jl=q220
g22=stryy{i,jl=q220
g23=(s23{1i,]y*gmul{k)-h23{1i,]))=gnus(k)=g220
033=gi(i,j)*gmus(k)
ox(i,j,.k,08)=g11=uli,j,k,B8)+rg21=u{i, j, k,0)
oy(i,j,.k,08)=g12=uli,j,k,08)+g22=u{i,j, k,0)
oz{i,j.k,0)=g13*u(i,j,k,0)+g23*u(i,j,k,0)+g33*u(i,j,k,0)

ox{i,j,k,0y=g11{i,j,k)

oy{i,j,k,8)=g12(i,j,k)
oz{i,j,k,8)=g13({i,j,k)
g33(i,j.ky

u(i,j,k,0)rg21(i,j,k)¥v(i,j,k,8)
u(i,j,k,0)0+q22(i,j,k)qu(i,j,k,8)
u(i,j,k,0)+023(1,j,k)yuv(i,j,k,8)
w(i,j.k,0)

g11...933 — defined in subroutine metryc
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N Code reorganization
NCAR 3D Jacobian

#include "incl/common.jacobian™ f* g11 .... 933, c11 ... c33 =/

compute interior pressure forces

[ c = astri
c———> fc = Gmod
c———> fd = 1_fetainu
do 18 k=2-ibhcz,1-1+ibcz

do 18 j=1,mp
do 18 i=1,np

F2=.5xdt=For2(i,j)*c(i,j k) *initprs compute interior pressure forces
F3=_5=dt=fcr3(i,jr=c(i,j,k)*initprs c———» c = astri
g118=1_/{{1-icylind)*gmm{i,j,k)=cosa{i,j)+ricylind=1.) C———3 fc = Emod

g228=1./gmm{i,j,k)

g11=strxx(i,)*q118 c-——> fd = 1./etainv
gi2=stryx{i,j)=q110 do 18 k=2-ibcz,1-1+ibcz
g13=(513(i, ) *gmul (k)-n13(i,3) ) *gnus (k) =g 118 do 18 j=1,mp
griosiruc press do 19 1-1:np
g23=(523(i,j)*gnul{k)-h23{i,j))=gnus(k)=g220 pfx{i,],.k)=ul{i,].k) (},]_, y*pxii,],k)
g33=gi(i,j)*gmus(k) + +c12(1 arL }*P_Ufls] .K)
11 ::=:t£i'gék)21) Fo(i,j, k)*(dthe(i,j,k,3)*q11 * *pz(i,].k))
atli= *{q11+F3=g +Fe(i,j,k)=* e{i,j,k,3)=g . o= _ P P P
+ +(F3=dthe(i,j,k,.3)+F2=dthe(i,j,k,2))*g21) pfy{i,j.k)=v(i.], }_(521(:!-:-:!:“ *Px(},]_,k]
al12= Rtx(g12+F3xg22)+Fe(i,j,k)=(dthe(i,j,k,3)*gq12 + +c22(i,j,Rk]=pyii,j,k)
+ +(F3=dthe(i,j,k,2)+F2=dthe{i,j,k,2))=g22) J+ +c23(1,],.K]*pz(i,j,.k))
al3= Rt={g13+g23*F3-g33=F2)+fc(i,j, k)=( P P _ A P
q23xF2=dthe(i,j,k,2)+(g13+g23=F3)=dthe(i,j,k,3) ) 14 pfz(1,]).k)=u(1,].K) (CE”?’J_'R *px(},]_,k)
a21= Rt={q21%(1.+F2xF2)-q11*F3)+Fc(i,j,k)*(-F2xq21=dthe(i,j,k,1) + *py{i,],k)
+ +{g21-F3%g11) *dthe({i,j,k,3)) + J=pz{i,j,k}]
a22= REx(g22*(1.+F2*F2)-g12xF3)+fc(i, k) *(-F2*g22*=dthe(i,j,k,1)
+ +(g22-F3xg12) *dthe(i,j,k,3))
a28= Rt=((1.+F2*F2)=g23-F3=q13+F2=F3=q33)
+fe{i,j,k)*((g23-q13=F3)=dthe(i,j,k,3)-g23*=F2=dthe(i,j,k,1))
a31= REx(F2xg11+F2xF3xq21)-Fc(i,j,k)*{(g11+F3xg21)=dthe(i,j,k,1)
+ —(F3xg11-g21)*dthe(i,j,K,2))
a32= Rt={F2%q12+F2%F3%q22)-fc({i,j,k)={{g12+F3%q22)xdthe(i,j, k,1)
+ —(F3xg12-g22) *dthe(i,j,K,2))
a33= Rbx(F2xg13+F2xF3xg23+(1+F3xF3)xg33) L . - -
R etL ] e (9137 ang28) mdthedd 3 A1) cll...£33 — defined in subroutine coefO

+

-{F3xg13-923)*dthe{i,j,k,2))
c11=g11*al11+g21*a21
c12=g11*a12+q21=a22
c13=g11*a13+g21=a23

c21=g12*a11+g22=a21 1

e el Memory bound performance issues

c23=g12*a13+g22%*a23

c31=g13=a11+g23*xa21+g33=ail

c32=q13*a12+q23xa22:032%232

kT +023=*a23+q33*a33

pFx(i,j,k)=u(i,j,k)-(cli=px{i,j,k)+c12=py(i,j,k)y+c13=pz(i,j,KT]

pFy(i,j,k)=u(i,j.k)-(c21*px(i,j,k)+c22%py(i,j,k)+c23%pz(i,j,k))
10 pfz(i,j,ky=w(i,j,k)-(c31=px(i,j,k)+c32=py(i,j,k)+c33=pz(i,j,.k))
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N Code reorganization
NCAR main driver reorganization

Work in progress:
- Splitting logically consistent parts into separate blocks/subroutines

- Goal — an ‘easy’ adaptation of new configurations (MHD/icompress/etc.)
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N\ Model formulations
NCAR

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCrD
c Basic physical/numerical parameters

pseudoincompressible {Durran) equations.
anelastic/bussinesq in theta system (default)
incompressible euler requires ipsinc = 8

bussinesq in tho requires ipsinc 5]

advect theta perturbation (default)

advect full theta

--» 1isphere reference coordinates are Cartesian or Cylindrical

- (need to specify dx,dy,dz in blanelas)

-—= 1 reference coordinates are spherical

-—= {need to specify only dz in blanelas)

--» icylind reference coordinates are Cartesian or Spherical

-—= reference coordinates are cylindricall

- icorio no coriolis accelerations

-—= 1 incorporate coriolis accelerations

[ x]

>
-4* incmpeul=
- ibousrho
-2 implgw

] Il g
= [~ -

- shallow atmosphere approximation: special
- for small spheres, re Wedi & Smolar QJR, 2689
- (default) deep atmosphere

Iy s sy B r I A I B I ]

CCCCCCCCCCCC
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N\ /10

NCAR

COSMO coupler
» Mesoscale applications

WRF coupler
» LES apllications
» Small subset of WRF domian (5x5 grid points) drives LES BC

Urban T&D modeling system:
EULAG LES/CFD model

Netcdf (serial/parallel) output and restart a
> tape.full ot
> tape.short -
» tape.custom

£t
e B o
e
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Predefined test cases
NCAR

C HOW CHOOSE THE PREDEFIMED TEST CASE (=) OR CREATE YOUR OUN EXPERIMENT (%)
C (%) UHCOMMENT THE PRESELECTED WORKING TEST CASE FROM THE FOLLOWING LIST

C HOTE: DHLY THE LAST UHCOHHENTED LIHE IS ACTIUE - SUBSTITUTE "C* with "#"

C (%**) CREATE NEW ACTIVE TESTCASE HUMBER, REDEFINE ALL APPROPRIATE PARAMETERS
[H

cdefine TESTCASE 1 /»* SOLAR - Full MHD model in the future *®/
cdefine TESTCASE 2 /+« EARTH ... JW model imbalance *F
cdefine TESTCASE 13 /* Held-Suarez test *®/
cdefine TESTCASE 3 /» Exoplanets ... Zonal flow =/
cdefine TESTCASE 4 /»* Ocean model ..... not ready yet *f
b ®f
cdefine TESTCASE 5 /»* PBL - CARTESIAN, CONVECTIVE *®/
cdefine TESTCASE 6 /F+ PBL - CARTESIAM, SHEAR DRIVEHM/HEUTRAL ®f
cdefine TESTCASE 7 /* PBL - CARTESIAN, STABLE *®/
D xf
cdefine TESTCASE 8 /»* DEFAULT-CARTESIAN 2D OROGRAOPHICAL FLOW ®f
cdefine TESTCASE 18 /+ 3D real orographic flow: terrain-following/IHB *f
b xf
cdefine TESTCASE 28 /= HWP - COSHO COUPLING =/
cdefine TESTCASE 21 /= LAM - WRF COUPLING *x/
cdefine TESTCASE 22 f+ GCH - CAM COUPLING .... not ready yet L7
b xf
cdefine TESTCASE 38 /+ HMICRD - rising buble in 2D ... *f
cdefine TESTCASE 31 /* MICRO - DNS/chamber turbulence ... not ready yet ®f
fidefine TESTCASE 32 f+ HMICRD - shallow covection {BOMEX/RICO/IMPACT) L7

fidefine TESTDATA 1 /* BOMEX =/
cdefine TESTDATA 2 f+* RICO =f
cdefine TESTDATA 3 /% IMPACT =/

kdefine TESTCASE 33 /= MICRD - deep convection ... not ready yet *f
*f
cdefine TESTCASE 48 /s« IMB - POROUS HMEDIA .... not ready yet *f
cdefine TESTCASE 41 /+ IMB - OBSTACLE/IDEL INPUT _... not ready yet ®f
cdefine TESTCASE 42 f+ IMB - URBAH FLOWS/POZHAN/IDEAL INPUT ®f
cdefine TESTCASE 43 /» IMB - URBAN FLOWS/ODKLAHOMA CITY/REAL SOUNDIMG ®f
cdefine TESTCASE 44 /+ IMB - URBANH FLOWS/OKLAHOMA CITY/WRF IHPUT ®f
cdefine TESTCASE 45 /x IMB - EULAG-D (DARCY) .... not ready yet ®f
D x/
cdefine TESTCASE 11 /x TGU vortex 3D cyclic test ®F
cdefine TESTCASE 14 /= Convection over heated plane Piotrowskietal JCPT B9 =/
cdefine TESTCASE 15 /x Convection over heated sphere ®F
D e x/
Cdefine TESTCASE 58 /+ WAKE EDDIES */

CHfia gttt g ittt g g ettt e g et

NCAR/RAL - National Security Applications Program s—_—

12



NCAR

CCCCCCCCCCCCCCCCCCCE
#if (TESTCASE == 15)
#idefine MOISTHOD @A
f#idefine 5G5S @
#idefine POLES 1
fidefine H_SUAREZ @
ftendif
CCCCCCCCCCCCCCCCCCLE
#if (TESTCASE == 28)
f#idefine 5G5S 1
#idefine POLES 8
#idefine PACTU 1
#idefine BCREF A1
#idefine VAREHU @
#idefine MOISTHOD 1
f#iendif
CCCCCCCCCCCCCCCCCCCE
#if (TESTCASE == 38)
#idefine MOISTHOD A1
#idefine RADIAT A
#idefine J3DIM 8
f#idefine 5G5S 1

ftendif

Predefined test cases

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCECCCECECCLCCCCCCCCCCCCCCCCCCCCCCCCCECCLCCOD
C n,m,1 - model grid size
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCECCCECECCLCCCCCCCCCCCCCCCCCCCCCCCCCECCLCCOD
#if (TESTCASE == @) F= DEFAULT SETUP =/

parameter (n=256,m=1,1=125}

f#tendif

#if (TESTCASE == 1)

C parameter {n=128,m=64,1=33) * global code maximum 1=48 because of rho
profile

parameter {n=128,m=64,1=48) * global code requires new rho profile
f#tendif
#if (TESTCASE == 2)
parameter {n=128,m=64,1=47) * global code
#endif
#if (TESTCASE == 3)
parameter {(n=128,m=64,1=181) * global code
#endif
#if (TESTCASE == 5 || TESTCASE == &)
parameter {n=96,m=96,1=96) * cartesian convective and shear driven PBL
#endif
#if (TESTCASE == 7)
parameter {n=88,m=808,1=81) * cartesian stable PBL
f#tendif
#if (TESTCASE == 11}
parameter {(n=64,m=64,1=64) * Taylor-Green vortex
#endif

NCAR/RAL - National Security Applications Program s—_—
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NCAR

Predefined test cases

do
do

ja

k=1,1
j=1,mp I
(mpos—1)=mp + j
do 4 i=1,np
ia {npos-1)=np + 1
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCGCC
HifF{TESTCASE == A)
u{i,j,k,d)=ue(i,j,k)
ui{i,j,k,@)=ve(i,j,k)
wii,j,k,0)=1.e-2xfz({i,j,K)
thi{i,j,k)=1.e-1=Ffz{i,],.k)
#endif
BiF{TESTCASE == 1) /= convective layer only =/
ufi,j,k,@)=vue(i,j,k)
ui{i,j,k,@)=ve(i,j,k)
wii,j,k,0)=1.e2=fx(i,j,k)
th{i,j,k) =1.eB=fx(i,],k) * introduce theta perturbation
H if (k.eq.1l) th{i,j.k)=8. *mihai
f#endif
HiF{TESTCASE == 2} /+ IGEO=1 JUW perturbation =/
ufi,j,k,8)=uveli,j,k)
coslmlc=cos{®{ia)-=21mbc)
cosr=sinphic=sina{i,j)+cosphic*cosa{i,jl*coslmlc
Fpr=18_*acos{cosr)
ufi,j,k,8)=uf{i,j,k,8)rexp{-rpr==2)
uii,j,k,@8)=ve(i,j,k)
wii,j,k,8)=1.e-2=Fz{i,j,k)
th{i,j,k)=1.e-1%fx{i,j,k)

==

=

ftendif
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