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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



Globalization
• Traditional GCM or two-pole model?

– We want both
– Latter involves nesting and domain feedback -

wait till this is 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…



Map Projection
WRF is already projection 
non-specific - you can use 
polar, lambert, and mercator

To be flexible, WRF uses 
definable map scale factors 
(msf in the code)

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



Map Projection

- not so for standard GCM
- first task was to implement separated msf’s throughout the 
em dynamical core (NOTE: we have only done this for ARW)

But, WRF assumes that the x-
and y-directional factors at any 
point are identical (mx=my) -> 
this makes the equations easier 
to write and is valid for a 
whole class of projections 
used in mesoscale modeling



Map Projection



Map Projection
Implemented and tested 
in all of the EM (ARW) 
dynamical core EXCEPT 
option 2 diffusion and 
options 2 and 3 diffusion 
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 mx=my

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



Example code from horizontal diffusion in module_big_step_utilities.F

Same loop: original WRFV2 and global/non-conformal WRFV2



Standard 
polar b.c.’s
for a c-grid 
GCM have 
the v-point at 
the pole with 
a no-flow 
constraint

implemented 
for the WRF 
GCM



Same code from 
module_advect-
conditionals protect 
one-sided advection at 
the pole

Original WRFV2

Global / polar WRFV2



Namelist file entries:
“Plain-old” 
periodic_x 
b.c.’s work 
just fine

New projection option “polar”, when set to “true” activates 
the polar boundary condition at both poles and allows polar 
FFT and zonal-mean damping



Namelist file entries:
Rayleigh damping option

If non-zero, the 
polar_filter option 
activates polar FFT, 
some choice of where 
and what variables

We’ll talk about this 
later on

Options for cut-off and gouge filter functions



Held-Suarez Tests - temperature 

Held and Suarez, 1994 WRF GCM



Held-Suarez Tests - zonal wind 

Held and Suarez, 1994 WRF GCM



Planetary Generalization
Added the concept of planetocentric 
solar longitude (Ls) for dates

In “planetary” mode: 
- month is meaningless
- use planetary and SI time - have 
p2si variable that gives conversion

No month
5 digit days

Calendar system changes 
and planetary physical 
constants activated by 
compile-time option 
selected via “./configure”

Please!? ;-)





Planet and
Mars 
options

“PSMF” 
calendar 
system based 
on ESMF 
routines





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 a module_initialize_xxx routine to define initial values

Force map scale factors all to be unity

Force e and f to be the same at “all four” points

(Can easily also make an axisymmetric WRF using similar tricks…)



Future
• 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

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

• Test nesting in a global WRF

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


