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Introduction

This document contains informal design notes for the integration of the GFDL dynamics core into the Aries framework.  It first describes the GFDL component and then the Aries component.

GFDL Module Hierarchy and Description

This section provides the GFDL module hierarchy so that the context of the GFDL dynamics core can be understood.  It also identifies Aries integration issues.

The GFDL hierarchy of modules is as follows:

Atmosphere_mod:

   dynamics_driver

       dynamics_mod

The following sections list the important use information for each module of interest

module atmosphere_mod

!---------------- m o d u l e   i n f o r m a t i o n -----------------

use  dynamics_driver_mod, only: bgrid_dynam_type,     &

                                dynamics_driver_init, &

                                dynamics_driver,      &

                                dynamics_driver_end

use         prog_var_mod, only: prog_var_type, prog_var_init,  &

                                var_init, prog_var_time_diff,  &

                                prog_var_times_scalar

use       horiz_grid_mod, only: horiz_grid_type, horiz_grid_init, &

                                get_horiz_mass_grid_size,         &

                                get_horiz_mass_grid_bound

use        vert_grid_mod, only:  vert_grid_type, vert_grid_init

use         boundary_mod, only: horiz_grid_boundary

use    bgrid_physics_mod, only: bgrid_physics_down, bgrid_physics_up,  &

                                bgrid_physics_init, bgrid_physics_end, &

                                surf_diff_type

use  dynamics_output_mod, only: dynamics_output, dynamics_output_init

use   dynam_integral_mod, only: dynam_integral, dynam_integral_init

use     time_manager_mod, only: time_type, get_time, operator(-)

use      grid_change_mod, only: vel_to_mass

use        utilities_mod, only: file_exist, open_file,      &

                                error_mesg, FATAL,          &

                                check_nml_error,            &

                                print_version_number,       &

                                get_my_pe, get_num_pes,     &

                                close_file, set_domain

use        constants_mod, only: rdgas, rvgas, grav

!-----------

use  prog_var_restart_mod, only: open_prog_var_file,  &

                                 read_prog_var, write_prog_var

The dynamics driver module uses (This is the most relevant bit of information):

!---------------- m o d u l e   i n f o r m a t i o n -----------------

use   dynamics_mod, only: bgrid_dynam_type,  &

                          dynamics_init, update_dynamics, dynamics_end

use horiz_grid_mod, only: horiz_grid_type

use  vert_grid_mod, only:  vert_grid_type

use   prog_var_mod, only:   prog_var_type

use  utilities_mod, only: error_mesg, FATAL, file_exist, open_file,  &

                          check_nml_error, get_my_pe, close_file

The bgrid dynamical core (dynamics_mod) uses the following modules:  

use         prog_var_mod, only:   prog_var_type, var_init

use       horiz_grid_mod, only: horiz_grid_type

use        vert_grid_mod, only:  vert_grid_type, compute_pres_depth

use       grid_masks_mod, only:  grid_mask_type, grid_masks_init

use        advection_mod, only: advec_control_type, &

                                advection_init, advection

use       horiz_diff_mod, only: hdiff_control_type, &

                                horiz_diff_init, horiz_diff

use     horiz_adjust_mod, only: horiz_adjust_vel, horiz_adjust_mass,  &

                                press_grad

use      vert_adjust_mod, only: vert_adjust

use     polar_filter_mod, only: pfilt_control_type, polar_filter_init

use        utilities_mod, only: error_mesg, FATAL      ,get_my_pe

use        constants_mod, only:  cp

Of these, the following relate to external interfaces (the remainders are used internally):

use         prog_var_mod, only:   prog_var_type, var_init

use       horiz_grid_mod, only: horiz_grid_type

use        vert_grid_mod, only:  vert_grid_type, compute_pres_depth

use       grid_masks_mod, only:  grid_mask_type, grid_masks_init

use        utilities_mod, only: error_mesg, FATAL      ,get_my_pe

use        constants_mod, only:  cp

Although information about the dynamics module is provided here, this module probably does not need to be used directly.  All needed access to this module can most likely be accomplished through the dynamics driver detailed earlier.  The dynamics driver greatly simplifies access to the dynamics module.

Useful stuff for initialization of the model:

!-----------------------------------------------------------------------

!---- namelist (saved in file input.nml) ----

!

! ntrace          The number of tracers (including specific humidity).

!                 A default value comes from the restart file,

!                 otherwise a value must be specified.   [integer]

!

! ntprog          The number of prognostic tracers (including specific

!                 humidity). These are tracers that are advected and

!                 horizontally diffused by the B-grid dynamical core.

!                 A default value comes from the restart file,

!                 otherwise a value must be specified.  [integer]

!

! halo            The number of halo rows along all (NEWS) boundaries.

!                 There is currently no namelist option that allows an

!                 unequal halo boundary.  [integer, default, halo = 1]

!

! num_adjust_dt   The number of adjustment time steps for each

!                 advection time step. You must specify a value

!                 (num_adjust_dt = 4 is recomended).   [integer]

!

! num_dynam_dt    The number of dynamics time steps for each simple

!                 physics time step.  

!                   [integer, default: num_dynam_dt = 1]

!

! physics_window  The number of "i" by "j" rows processed each time

!                 the modular physics is called. To process the entire

!                 domain use physics_window = (/0,0/).

!                   [integer, default: physics_window = 0,1]

!

! nt_zero         If nt_zero > 0 then this option will zero out tracer

!                 indices nt_zero to ntrace.

!                   [integer, default: nt_zero = 0]

!

! nvar            The number of prognostic variable time levels.

!                 Future implementations may use this option to control

!                 whether forward time differencing or leap frog time

!                 differencing will be used.  Currently, this option

!                 can not be enabled (only forward time differencing

!                 is available).  DO NOT USE THIS OPTION.

!                   [integer, default: nvar = 1]

!

! decomp          The domain decomposition, where decomp(1) = x-axis

!                 decomposition, decomp(2) = y-axis decomposition.

!                 If decomp(1)*decomp(2) does not equal the number

!                 of processors the model will fail.

!                   [integer, dimension(2), default: decomp = 0,0]

!

! halo_buffer     Size of buffer for halo region transmits.

!                 If the error BUFFER_AND_TRANSMIT: halosize too small

!                 occurs increase this argument.

!                   [integer, default: halo_buffer = 32768]

!

!

!  IMPORTANT NOTE:

!      In versions of the model with an option to generate

!      it's own initial condition the variables ntrace and ntprog

!      do not have to be specified.

!

The basic operation of the GFDL atmosphere model is as follows (the relevant steps are marked with a *):  

· Initialize the atmosphere (atmosphere_mod)

· Read restart and set up grid 

· *Initialize horizontal grid (horiz_grid)

· Set horizontal grid boundaries

· Allocate memory for variables

· *Initialize prognostic variables (prog_var)

· Read prognostic variables and load into vars (prog_var_restart)

· *Initialize vertical grid (vert_grid)

· *Initialize dynamical core (dynamics_driver, dynamics)

· Initialize history

· *Initialize integrals (might be used if the diagnostic variables are required by Aries)

· Initialize physics

· Step down through the atmosphere

· *call dynamics_driver (pass Var, Var_dt, Dynam, return Var_dt, Dynam, omega)

· *Scale tendencies for time step difference (atmosphere_down)

· call physics_down

· Step up through the atmosphere

· physics_up

· Output the data

· dynamics_integral (generates diagnostic values for file output)

· dynamics_output (to files at set time intervals; typically hours)

The atmosphere module initializes the dynamical core using:

!----- initialize dynamical core -----

   Dynam = dynamics_driver_init (Hgrid, Vgrid, fis, res,  &

                                 dt_dynam, num_adjust_dt)

The atmosphere module calls the dynamical core (to update the prognostic variables) using:

!---- dynamics -----

   do n = 1, num_dynam_dt  (number of time steps to integrate, default is 1)
     call dynamics_driver (Var, Var_dt, Dynam, omega)

   enddo

The resulting tendencies are then scaled as needed to account for a difference in time steps between the dynamical core and other portions of the model that needs these tendencies (such as the physics module)
!  ---- scale tendencies before physics for time step difference ----

   scale = dt_dynam / (float(num_adjust_dt)*dt_physics)

   call prog_var_times_scalar (Var_dt, scale)

Guzzintas and comesouttas:

For the initialization of the dynamics driver:

 function dynamics_driver_init (Hgrid, Vgrid, fis, res,  &

                                dt_advec, nt_advec) result (Dynam)

 type(horiz_grid_type), intent(in), target :: Hgrid

 type (vert_grid_type), intent(in), target :: Vgrid

 real, dimension(:,:),  intent(in), target :: fis, res

 real,    optional,     intent(in)         :: dt_advec

 integer, optional,     intent(in)         :: nt_advec

 type(bgrid_dynam_type) :: Dynam

Hgrid and Vgrid are described on later pages.   Fis, res, dt_advec, and nt_advec are listed below.

!  ----- 2-dimensional (nlon,nlat) fields -----

!    fis  = geopotential height of the surface

!    res  = reciprical of eta at the surface

!

!    Scalar values

!

!         dtadv      advective time step in seconds

!         ntadv      number of adjustment times for each advective

!                    time step [integer]

!

!         IMPORTANT:  The input arguments (Hgrid, Vgrid, fis, res)

!                     must have permanent storage for the length

!                     of the model integration at some higher level

!

For the update of dynamics at each time step:

subroutine dynamics_driver (Var, Var_dt, Dynam, omega)

!----------------------------------------------------------------------

   type (prog_var_type),   intent(in)    :: Var(:)

   type (prog_var_type),   intent(inout) :: Var_dt

   type(bgrid_dynam_type), intent(inout) :: Dynam

   real, intent(out), dimension(:,:,:)   :: omega

!----------------------------------------------------------------------

Where 

Var is the structure containing the prognostic variables (as described in prog_var_mod)

Var_dt is the structure containing the prognostic variable tendencies

Dynam is a structure (bgrid_dynam_type) containing all other support information (see below)

omega is some sort of temperature correction term (Kelvin/s)

type bgrid_dynam_type

   type(horiz_grid_type), pointer  :: Hgrid

   type (vert_grid_type), pointer  :: Vgrid

   type (grid_mask_type)           :: Masks

   type (pfilt_control_type)       :: Pfilt

   type (advec_control_type)       :: Advec

   type (hdiff_control_type)       :: Hdiff

   real, pointer, dimension(:,:)   :: fis, fisl, res

   integer                         :: nt_adv

   real                            :: dt_adj

   logical                         :: dry_model

   real                            :: wcorr

   integer                         :: fopt, verbose

end type bgrid_dynam_type

Hgrid is the initialized horizontal grid which contains:

!-----------------------------------------------------------------------

!

!    public deined data type (horiz_grid_type)

!    -----------------------------------------

!    dxv  = grid spacing for x-axis on momentum grid (in meters)

!    dxh  = grid spacing for x-axis on mass grid (in meters)

!    tphh = latitudes on mass grid (in radians)

!    tlmh = longitudes on mass grid (in radians)

!    tphv = latitudes on mass grid (in radians)

!    tlmv = longitudes on mass grid (in radians)

!    aphh = actual latitudes on mass grid (in radians)

!    almh = actual longitudes on mass grid (in radians)

!    aphv = actual latitudes on velocity grid (in radians)

!    almv = actual longitudes on velocity grid (in radians)

!    rdxv   = reciprocal of dxv (in 1/m)

!    areah  = area of a grid on mass grid (in m2)

!    areav  = area of a grid on momentum grid (in m2)

!    rareah = reciprocal of areah (in 1/m2)

!    rareav = reciprocal of areav (in 1/m2)

!    sinphv = sine of aphv

!    tanphv = tangent of aphv

!

!

! integer scalars

! ---------------

!

!    nlon = number of grid points along the x-axis

!             (excluding halo points)

!    nlat = number of grid points along the y-axis of the mass grid

!             (excluding halo points)

!

!    idim = total number of grid points along the x-axis

!             (including halo points)

!    jdim = total number of grid points along the y-axis of the

!             mass grid (including halo points)

!

!    is   = first x-axis index in the computational domain

!    ie   = last  x-axis index in the computational domain

!    hs   = first y-axis index in the computational domain of the

!             mass grid

!    he   = last  y-axis index in the computational domain of the

!             mass grid

!    vs   = first y-axis index in the computational domain of the

!             velocity grid

!    ve   = last  y-axis index in the computational domain of the

!             velocity grid

!

!    ilb  = lower bound x-axis

!    iub  = upper bound x-axis

!    jlb  = lower bound y-axis

!    jub  = upper bound y-axis

!

!    ihalo = number of halo points along the east and west boundaries

!    jhalo = number of halo points along the south and north boundaries

!

!

!    real scalars

!    ------------

!

!    dy   = grid spacing for y-axis (in meters)

!    dlm  = grid spacing for x-axis (in radians)

!    dph  = grid spacing for y-axis (in radians)

!    dlmd = grid spacing for x-axis (in degrees of longitude)

!    dphd = grid spacing for y-axis (in degrees of latitude)

!

!----------------------------------------------------------------------

!------- public interfaces -------

public  horiz_grid_init,            &

        get_horiz_mass_grid_bound,  &

        get_horiz_mass_grid_size,   &

        update_np, update_sp

!------- public defined data type ---------

public horiz_grid_type

type horiz_grid_type

   integer :: nlon, nlat, idim, jdim, is, ie, hs, he, vs, ve

   integer :: isg, ieg, hsg, heg, vsg, veg

   integer :: ilb, iub, jlb, jub, ihalo, jhalo

   logical :: channel

   real    :: dy, dlm, dph, dlmd, dphd, rdy

   real, pointer, dimension(:,:) :: dxv, dxh, tphh, tlmh, tphv, tlmv,  &

                                              aphh, almh, aphv, almv,  &

                                              rdxv, areah,  areav,     &

                                              rareah, rareav,          &

                                              sinphv, tanphv

   real, pointer, dimension(:)   :: blon, blat, blonv, blatv

   type(domain2D), pointer, dimension(:) :: Domains,     Domains0,  &

                                            Domains_vel, Domains0_vel

   type(domain2D), pointer               :: Domain,      Domain0,   &

                                            Domain_vel,  Domain0_vel

end type horiz_grid_type

The initialized vertical grid contains:

!----------------------------------------------------------------------

!  public defined data type (vert_grid_type)

!  -----------------------------------------

!    nlev  = number of vertical levels (integer)

!    nplev = number of pure pressure levels at the top of the model,

!            will equal zero when not using hybrid coordinate (integer)

!    deta  = vertical eta thickness/depth of model layers

!    aeta  = eta values at model levels (full levels)

!    eta   = eta values at model layer interfaces (half levels)

!    dpeta = vertical pressure thickness/depth of model layers

!    apeta = pressure values at model levels (full levels)

!    peta  = pressure values at model layer interfaces (half levels)

!    dfl   = reference values of geopotental height at half levels

!    

!    psmin  = minimum allowable surface pressure to avoid negative

!             mass in a model layer (important for hybrid coord)

!    hybrid = logical flag (true for hybrid coordinate)

!

!    pref,tref,gamma = reference values for computing dfl

!

!

!  public interfaces

!  -----------------

!    vert_grid_init      - initializes the vert_grid_type

!    compute_height_half - computes the geopotential height (in meters)

!                            at half model levels

!    compute_pres_depth  - computes the pressure weight (mass) of a

!                            model layer

!    compute_pres_full   - computes the pressure at full model levels

!    compute_pres_half   - computes the pressure at half model levels

!

!----------------------------------------------------------------------

!------- interfaces -------

public  vert_grid_init, compute_height_half,   &

        compute_pres_depth, compute_pres_full, compute_pres_half

!------- public defined data type -------

public  vert_grid_type

type vert_grid_type

   integer                     :: nlev, nplev

   real, pointer, dimension(:) :: deta,  aeta,  eta,  dfl,  &

                                  dpeta, apeta, peta

   real                        :: pref, tref, gamma, psmin

   logical                     :: hybrid

end type vert_grid_type

!----------------------------------------------------------------------

!------ parameters for eta coordinate reference surface heights -------

  real, parameter :: pref = 101325., tref = 288., gamma = 0.0065

Here are the prognostic variables as described in prog_var_mod

!----------------------------------------------------------------------

!

!       allocates storage for the basic dynamical variables

!

!----------------------------------------------------------------------

!--------- public defined data type prog_var_type ---------------------

!

!     nlon = number of longitude points (first dimension)

!            includes 2 halo points (1 west, 1 east)

!     nlat = number of latitude points (second dimension)

!            includes 3 halo points

!     nlev = number of vertical levels

!

!     ntrace = number of tracers

!     ntprog = number of fully-prognostic tracers 

!              (tracers with dynamical tendencies computed)

!

!     u    = zonal wind component

!     v    = meridional wind component

!     t    = temperature

!     r    = arbitrary number of tracers (includes specific humidity)

!

!     ps   = surface pressure

!     pssl = surface pressure adjust to eta=1. (for eta coordinate)

!

!----------------------------------------------------------------------

Here are the variable descriptions and units used:

PUBLIC VARIABLES

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

SoilWet      soil wetness in Kg/m2  [real, dimension(nlon,nlat)]

Ts           "skin" temperature of the surface in deg K

                 [real, dimension(nlon,nlat)]

ZoRL         surface roughness length in meters

                 [real, dimension(nlon,nlat)]

TKE          turbulent kinetic energy (actually double) in m2/s2

             at half model levels  [real, dimension(nlon,nlat,nlev+1)]

Radflux      radiative surface flux (for surface heat balance)

             in watts/m2  [real, dimension(nlon,nlat)]

Albedo       surface albedo  [real, dimension(nlon,nlat)]

AcPrec       total precipitation in Kg/m2 (accumulated from the

             start of the current run)  [real, dimension(nlon,nlat)]

CuPrec       convective precipitation in Kg/m2 (accumulated)

                [real, dimension(nlon,nlat)]

AcEvap       total evaporation in Kg/m2 (accumulated)

                [real, dimension(nlon,nlat)]

Snow         snow cover as a water equivalent in Kg/m2

                [real, dimension(nlon,nlat)]

Land         land mask (true for land points)

                [logical, dimension(nlon,nlat)]

Ice          ice mask (true for ice points, otherwise false)

                [logical, dimension(nlon,nlat)]

Sea          sea mask (opposite of land mask, true for sea points)

                [logical, dimension(nlon,nlat)]

INTERFACE SUMMARY

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

   Physics_Driver_Init - initializes the physics driver

   Physics_Driver      - main call, computes updates tendencies of

                         zonal and meridional wind, temperature,

                         specific humidity, and tracers.  Also, many

                         fields internal to the physics driver are updated.

   Physics_Driver_End  - terminates data sets associated with 

                         the physics driver

========================================================================

---------------------------    USAGE    --------------------------------

========================================================================

Call Physics_Driver_Init ( Lon, Lat, Sfull, Shalf, TimeSince,

                           Date, Pref, Phalf, Pfull, T, Q, R, Kbot )

   INPUT

   -----

   Lon         all longitudes for the FULL grid in radians

                 [real, dimension(nlon)]

   Lat         all latitudes for the FULL grid in radians

                 [real, dimension(nlat)]

   Sfull       vertical coordinate values at full levels

                 [real, dimension(nlev)]

   Shalf       vertical coordinate values at half levels

                 [real, dimension(nlev+1)]

   TimeSince   time since the start of current run in seconds

                 [integer]

   Date        date (i.e., year,month,day,hour) at TimeSince = 0

                 [integer, dimension(2)]

   Pref        two reference pressure profiles in Pascals at full levels,

               except at nlev+1 where, Pref(nlev+1,1) = 101325. and

               Pref(nlev+1,2) = 81060.

                 [real, dimension(nlev+1,2)]

   Phalf       pressure in Pascals for the FULL grid at half levels (offset

               from T,Q, and R)

                 [real, dimension(nlon,nlat,nlev+1)]

   Pfull       pressure in Pascals for the FULL grid at full levels (located

               with T,Q, and R)

                 [real, dimension(nlon,nlat,nlev)]

   T, Q        temperature and specific humidity for the FULL grid

                 [real, dimension(nlon,nlat,nlev)]

   INPUT/OUTPUT

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

   R           multiple 3d tracer fields for the FULL grid

                 [real, dimension(nlon,nlat,nlev,ntrace)]

   INPUT (OPTIONAL)

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

   Kbot       lowest level with data (for step mountain coord.)

              for the FULL grid

                [integer, dimension(nlon,nlat)]

=======================================================================

Call Physics_Driver ( istart, DT, TimeSince, TimeSince_rad, Lat, Lon, Area,

                      Phalf, Pfull, Zhalf, Zfull,

                      U, V, T, Q, R, UM, VM, TM, QM, RM,

                      Udt, Vdt, Tdt, Qdt, Rdt,

                      Mask, Kbot )

   INPUT

   -----

   istart      starting i,j indices in the full horizontal grid

                 [integer, dimension(2)]

   DT          time step in seconds

                 [real]

   TimeSince   time since the start of current run in seconds,

               only used to determine when radiation should be

               calculated and when diagnostics should be output.

                 [integer]

   TimeSince_rad  same as TimeSince except only used for radiative

                  purposes, can be used to fix the time of year

                  (i.e, a pertpetual season run)

                     [integer]

   Lon         longitude in radians

                 [real, dimension(nlon,nlat)]

   Lat         latitude in radians

                 [real, dimension(nlon,nlat)]

   Area        fractional area of the full grid for each grid box

                 [real, dimension(nlon,nlat)]

   Phalf       pressure in Pascals at half levels (offset from T,Q,U,V,R)

                 [real, dimension(nlon,nlat,nlev+1)]

   Pfull       pressure in Pascals at full levels

                 [real, dimension(nlon,nlat,nlev)]

   Zhalf       height in meters at half levels

                 [real, dimension(nlon,nlat,nlev+1)]

   Zfull       height in meters at full levels

                 [real, dimension(nlon,nlat,nlev)]

   U,V,T,Q     zonal wind (m/s), meridional wind (m/s), temperature (deg K),

               and specific humidity (kg vapor/kg air) at the current time step

                 [real, dimension(nlon,nlat,nlev)]

   R           multiple 3d tracer fields at current time step

                 [real, dimension(nlon,nlat,nlev,ntrace)]

   UM,VM       zonal and meridional wind at previous time step

   TM,QM       temperature and specific humidity at previous time step

                 [real, dimension(nlon,nlat,nlev)]

   RM          multiple 3d tracer fields at previous time step

                 [real, dimension(nlon,nlat,nlev,ntrace)]

   INPUT/OUTPUT

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

   Udt,Vdt     zonal and meridional wind tendency in m/s2

               meridional wind tendency in m/s2

                 [real, dimension(nlon,nlat,nlev)]

   Tdt,Qdt     temperature tendency in deg K per sec and specific humidity

               tendency in Kg vapor/Kg air/sec

                 [real, dimension(nlon,nlat,nlev)]

   Rdt         multiple tracer tendencies (in unit/unit/sec ???)

                 [real, dimension(nlon,nlat,nlev,ntrace)]

In order to use the GFDL dynamics module, here’s what we’ll have to do:

· Initialize the Aries atmosphere model as before

· Initialize the Aries grids as before

· Set up the GFDL dynamics core for use (using essentially unmodified GFDL code as follows:)

· Initialize the GFDL horizontal grid (horiz_grid) (using code below)

!---- horizontal grid initialization ----

!---- check horiz or vert dimensions ??? ---

   Hgrid = horiz_grid_init (ix, jx, ihalo=halo, jhalo=halo,       &

                                   halo_buffer=halo_buffer,      &

                                   decomp=decomp,                &

                                   channel=channel_model,        &

                                   tph0d=tph0d_in, tlm0d=tlm0d_in)

   call horiz_grid_boundary (Hgrid)

· Initialize the GFDL prognostic variables (prog_var) (using code below)

!----------------------------------------------------------------------

!---- prognostic variable initialization -----

   if (ntrace >= 0) nt  = ntrace

   if (ntprog >= 0) ntp = ntprog

   allocate (Var(nvar))   !!Note:  nvar should be 1 by default!!!!

   do m = 1, nvar

      call prog_var_init (Hgrid, kx, nt, ntp, Var(m))

   enddo

      call prog_var_init (Hgrid, kx, nt, ntp, Var_dt)

!----------------------------------------------------------------------

!----- read data -----

   fis   => var_init (Hgrid)       !!This is the surface elevation data

   res   => var_init (Hgrid)       !!This is the reciprocal of sfc eta

   omega => var_init (Hgrid, kx)   !!Vertical velocity???

   allocate (eta(kx+1), peta(kx+1))

!----- reset some tracers to zero -----

   if (nt_zero > 0) then

       do m = 1, nvar

       do n = nt_zero, Var(m)%ntrace

          Var(m)%r(:,:,:,n) = 0.0

       enddo

       enddo

   endif

· Initialize vertical grid (vert_grid)

!----------------------------------------------------------------------

!---- vertical grid initialization ----

   Vgrid = vert_grid_init (eta, peta)

   deallocate (eta, peta)

!----------------------------------------------------------------------

dt_dynam   = some_appropriate_number_for_Aries

· Initialize the GFDL dynamical core (dynamics_driver, dynamics)
!----------------------------------------------------------------------

!----- initialize dynamical core -----

   Dynam = dynamics_driver_init (Hgrid, Vgrid, fis, res,  &

                                 dt_dynam, num_adjust_dt)

· Initialize integrals (might be used if the GFDL diagnostic variables are required by Aries)

!----------------------------------------------------------------------

!---- initialize integrals -------

   call dynam_integral_init (Time_init, Time-Time_init_local)

   call dynam_integral (Time-Time_init_local,  &

                        Hgrid, Vgrid, Var(nvar), Dynam%Masks)

· Start Aries atmosphere model

· When prognostic variable tendency updates are needed:

· Get the prognostic variables from Aries

· Convert units as needed

· PI weighted surface pressure in mb to surface pressure in Pa

· PI weighted potential temperature to temperature

· Convert from sigma coordinates to eta coordinates

· Convert from value_n (units), value_nm1 (units) to value_n (units), value_tendency (units/sec)

· Convert grid (C-grid to B-grid )

· Load converted prognostic variables into Var (use prog_var_restart as a starting point)

· call dynamics_driver (pass Var, Var_dt, Dynam, return Var_dt, Dynam, omega)

!----------------------------------------------------------------------

!---- dynamics -----

   do n = 1, num_dynam_dt

     call dynamics_driver (Var, Var_dt, Dynam, omega)

   enddo

· Scale tendencies for time step difference if needed (see atmosphere_down for a starting point)

!  ---- scale tendencies before physics for time step difference ----

   scale = dt_dynam / (float(num_adjust_dt)*dt_physics)

   call prog_var_times_scalar (Var_dt, scale)

· If needed, compute diagnostic quantities on B-grid

· Convert grid (B-grid to C-grid)

· Calculate new value_n and value_nm1 from Var, Var_dt

· Convert from eta coordinates to sigma coordinates

· Convert units back as needed

· Surface pressure in Pa to PI weighted surface pressure in mb

· Temperature to PI weighted potential temperature

· Return converted prognostic variables to Aries

· Continue Aries run

· Of course, be sure to release all memory allocated

· dynamics_driver_end(Dynam)

Issues:

Aries dycore uses values at current and previous time steps, GFDL uses value at current time step and tendency; i.e., current value and (current-previous)/dt

Aries dycore diagnostics include:

· omega

· vorticity

· divergence

· kinetic energy

Are these all required by the Aries model?  If so, only omega, vorticity, and kinetic energy are produce by the GFDL dynamical core.  This might need to be added.

B-grid to C-grid conversions.  Any available utilities??

Eta to sigma coordinate conversions

· Difference in model top boundaries????

· Does GFDL define eta in any special way that differs from the literature?

Aries uses ghosting, GFDL uses halo

Aries Dynamics Core Description

This section describes the Aries dynamic core and its context within the Aries code.

Dycore is called from subroutine RUN in dynamics.f90. It is called once per step and uses a leapfrog time differencing scheme. The output from DYCORE is the time tendencies of the prognostic variables and some diagnostic quantities. 

  call DYCORE                ( &

    HORZ_GRID                , &

    VERT_GRID%SIGE           , &

    PRESS                    , &

    1                        , &

    STATE_VARS_N  %PS        , &

    STATE_VARS_N  %U         , &

    STATE_VARS_N  %V         , &

    STATE_VARS_N  %THETA     , &

    STATE_VARS_N  %Q         , &

    STATE_VARS_NM1%PS        , &

    STATE_VARS_NM1%U         , &

    STATE_VARS_NM1%V         , &

    STATE_VARS_NM1%THETA     , &

    STATE_VARS_NM1%Q         , &

    PII                      , &

    UOI                      , &

    VOI                      , &

    POI                      , &

    QOI                      , &

    OMEGA                    , &

    VORTICITY                , &

    DIVERGENCE               , &

    KE                       , &

    FPH_OUTPUT_COUPLINGS(FPH_UCDIAG_OUTPUT)%DATA%VAR_4D(HERE,:,N_PSF_UTND), &

    FPH_OUTPUT_COUPLINGS(FPH_UCDIAG_OUTPUT)%DATA%VAR_4D(HERE,:,N_PHX_UTND), &

    FPH_OUTPUT_COUPLINGS(FPH_UCDIAG_OUTPUT)%DATA%VAR_4D(HERE,:,N_KEX_UTND), &

    FPH_OUTPUT_COUPLINGS(FPH_UCDIAG_OUTPUT)%DATA%VAR_4D(HERE,:,N_VAD_UTND), &

    FPH_OUTPUT_COUPLINGS(FPH_UCDIAG_OUTPUT)%DATA%VAR_4D(HERE,:,N_INR_UTND), &

    FPH_OUTPUT_COUPLINGS(FPH_QCDIAG_OUTPUT)%DATA%VAR_4D(HERE,:,N_HAD_TND), &

    FPH_OUTPUT_COUPLINGS(FPH_QCDIAG_OUTPUT)%DATA%VAR_4D(HERE,:,N_VAD_TND), &

    FPH_OUTPUT_COUPLINGS(FPH_HCDIAG_OUTPUT)%DATA%VAR_4D(HERE,:,N_HAD_HTND), &

    FPH_OUTPUT_COUPLINGS(FPH_HCDIAG_OUTPUT)%DATA%VAR_4D(HERE,:,N_VAD_HTND), &

    PHS=STATE%TOPO           , &

    DT=2.0*STATE%DT          )

Dynamics state variables passed to DYCORE are defined in this structure and initialized in routine CREATE_STATE_VARS.

TYPE T_DYNAMICS_STATE_VARS

    REAL, DIMENSION(:,:    ), POINTER                 :: PS

    REAL, DIMENSION(:,:,:  ), POINTER                 :: U

    REAL, DIMENSION(:,:,:  ), POINTER                 :: V

    REAL, DIMENSION(:,:,:  ), POINTER                 :: THETA

    REAL, DIMENSION(:,:,:,:), POINTER                 :: Q

  END TYPE T_DYNAMICS_STATE_VARS

Here is the description of DYCORE with the calling arguments,the description of the arguments and the defintion of the arguments. Arguments that are structures or are made up of a group of structures, have those structures included.

      SUBROUTINE DYCORE(                                                &

!  INPUT GRID SPECIFICATIONS

                             HORZ_GRID, SIG, PRESS, KM,                 &

!  INPUT STATE VARIABLES

                             PIB,  UOB,  VOB,  POB,  QOB,               &

                             PIM,  UOM,  VOM,  POM,  QOM,               &

!  OUTPUT INCREMENTS

                             PII,  UOI,  VOI,  POI,  QOI,               &

!  DIAGNOSTICS

                             OMG,  VOR,  DIV,  KNE,                     &

                             UOI_PSF, UOI_PHX, UOI_KEX,                 &

                             UOI_VAD, UOI_INR,                          &

                             QOI_HAD, QOI_VAD,                          &

                             POI_HAD, POI_VAD,                          &             

!  OPTIONAL VARIABLES

                             OMEGA, MW,  AE,   PHS, DT,                 &

                             OMC,  CPE,  CKE,  POT,  CQE,               &

                             PLH, PKH, PKO,                             &

                             NOAVRX, SECOND_ORDER                       &

                            )

! **********************************************************************

!  PURPOSE

!     Update Time-Tendencies of Prognostic Fields 

!     due to Hydrodynamical Processes

!

!  INPUT ARGUMENT DESCRIPTION

!

!     HORZ_GRID.  Horizontal grid upon which DYCORE will operate

!     SIG ......  Sigmas at the edges of the lm layers. Indexed 0:LM

!     PRESS ....  Function returning the 3-d pressure distribution

!                 from sigma and surface pressure.

!     KM........  Number of scalars(>=0)

!

!     PIB ... (DOMAIN):    Surface Pressure  mb  at Current  Time-Level

!     UOB ... (DOMAIN,LM): Zonal      Wind   m/s at Current  Time-Level

!     VOB ... (DOMAIN,LM): Meridional Wind   m/s at Current  Time-Level

!     POB ... (DOMAIN,LM): Potential Temp.   K   at Current  Time-Level

!     QOB ... (DOMAIN,LM,KM): Scalar Fields      at Current  Time-Level

!

!     PIM ... (DOMAIN):    Surface Pressure      at Previous Time-Level

!     UOM ... (DOMAIN,LM): Zonal      Wind       at Previous Time-Level

!     VOM ... (DOMAIN,LM): Meridional Wind       at Previous Time-Level

!     POM ... (DOMAIN,LM): Potential Temperature at Previous Time-Level

!     QOM ... (DOMAIN,LM,KM): Scalar Fields      at Previous Time-Level

!

!   OUTPUT ARGUMENT DESCRIPTION-- Tendencies are in per second.

!

!     PII ... (DOMAIN):       Updated Tendency of Surface Pressure

!     UOI ... (DOMAIN,LM):    Updated Tendency of Zonal Wind

!     VOI ... (DOMAIN,LM):    Updated Tendency of Meridional Wind

!     POI ... (DOMAIN,LM):    Updated Tendency of PI-Weighted Theta

!     QOI ... (DOMAIN,LM,KM): Updated Tendency of PI-Weighted Scalar

!

!   DIAGNOSTIC OUTPUTS

!

!     OMG ... (DOMAIN,LM): Omega Diagnostic           (mb/sec) 

!     VOR ... (DOMAIN,LM): Vorticity Diagnostic       (1/sec)

!     DIV ... (DOMAIN,LM): Divergence Diagnostic      (1/sec)

!     KNE ... (DOMAIN,LM): Kinetic Energy Diagnostic  (m^2/s^2)

!

!   OPTIONAL INPUT ARGUMENTS

!

!     OMEGA ... Rotation rate  (rad/sec)     (DEFAULT = 2 PI / 86164)

!     MW ...... (0:<KM) Molecular Weight of dry air (0) and advected tracers 

!++++++TO RECOVER THE OLD CP=1003.5 MW(0) MUST EQUAL 28.99894.

!     AE ...... 'Earth' radius (meters)      (DEFAULT = 6.371E6)

!

!     PHS ..... (DOMAIN): Surface Geopotential (m^2/sec^2) (DEFAULT = 0)

!

!     DT ...... Time-Step fron n-1 to n+1      (Seconds)   (DEFAULT = 0)

!

!   OPTIONAL CONSERVATION DIAGNOSTICS

!

!     OMC ... (Pi Omega Alpha) integreated over local area (mb * m^4 / s^2 )

!     CPE ... Conversion from the T equation               (mb * m^4 / s^2 )

!     CKE ... Conversion fro KE equation                   (mb * m^4 / s^2 )

!     POT ... Conversion of potential energy               (mb * m^4 / s^2 )

!

!   OPTIONAL PRESSURE FACTORS

!

!     PLH ... EDGE PRESSURES       AT CURRENT TIME LEVEL

!     PKH ... EDGE EXNER FUNCTIONS AT CURRENT TIME LEVEL

!

!   OPTINAL CONTROL PARAMETERS

!

!     NOAVRX.........Do no polar filtering of tendencies or diagnostics.

!     SECOND_ORDER...Use second order scheme for horizontal advection

!                    of theta and q. Default is fourth order.

!  NOTES:

!     (1) The number of layers (LM) is obtained from the size of SIG and the

!         horizontal DOMAIN from HORZ_GRID. 

!     (2) The Vertical Layers are numbered from TOP(1) to BOTTOM(LM).

!     (3) All Time-Tendencies are INCREMENTED (bumped).

!         The Momentum Time-Tendencies ARE NOT mass-weighted.

!         The Potential Temperature and Scalar Time-Tendencies ARE 

!         mass-weighted (by PI).

!     (4) Economical explicit calculations are done if DT>0

!     (5) The previous time level fields (PIM,UOM,etc) are used for the

!         economical explicit calculation done in conjunction with

!         leap-frog steps. If you are not doing leap-frog or do not

!         wish to have economical explicit tendencies, pass DT=0 & the current

!         time-level fields twice (i.e., in PIB,UOB,etc and again in

!         PIM,UOM,etc.).

!     (6) Semi-implicit tendencies are not implemented in this version.

!

! **********************************************************************

! ARGUMENTS

      TYPE (T_DYNAMICS_HORZ_GRID),                   &

               INTENT(IN)         :: HORZ_GRID

  TYPE T_DYNAMICS_HORZ_GRID

    INTEGER                         :: IFRST

    INTEGER                         :: ILAST

    INTEGER                         :: JFRST

    INTEGER                         :: JLAST

    INTEGER                         :: VS

    INTEGER                         :: UW

    INTEGER                         :: IM_WORLD

    INTEGER                         :: JM_WORLD

    REAL, DIMENSION(:    ), POINTER :: DLAM

    REAL, DIMENSION(:    ), POINTER :: DPHI

    REAL, DIMENSION(:    ), POINTER :: LAMBDA             ! for convenience

    REAL, DIMENSION(:    ), POINTER :: PHI

    REAL, DIMENSION(:,:  ), POINTER :: DEFINED_PU_POINTS_MASK

    REAL, DIMENSION(:,:  ), POINTER :: DEFINED_V_POINTS_MASK

    REAL, DIMENSION(:,:  ), POINTER :: CLAM

    REAL, DIMENSION(:,:  ), POINTER :: SLAM

    REAL, DIMENSION(:,:  ), POINTER :: CPHI

    REAL, DIMENSION(:,:  ), POINTER :: SPHI

    TYPE(T_MAP_FACTORS        )     :: MAP_FACTORS

    REAL                            :: GLOBAL_AREA

    TYPE(T_AVRX_COEFFS        )     :: AVRX_COEFFS

    TYPE(T_TILT_PARMS         )     :: TILT_PARMS

    TYPE(T_NEWS_GRID          )     :: NEWS_GRID

  END TYPE T_DYNAMICS_HORZ_GRID

  TYPE :: T_MAP_FACTORS

    REAL, DIMENSION(:,:), POINTER :: DXUIJ

    REAL, DIMENSION(:,:), POINTER :: DXPIJ

    REAL, DIMENSION(:,:), POINTER :: DYPIJ

    REAL, DIMENSION(:,:), POINTER :: DXVIJ

    REAL, DIMENSION(:,:), POINTER :: DYVIJ

    REAL, DIMENSION(:,:), POINTER :: DYUIJ

    REAL, DIMENSION(:,:), POINTER :: D2PIJ

    REAL, DIMENSION(:,:), POINTER :: D2UIJ

    REAL, DIMENSION(:,:), POINTER :: D2VIJ

    REAL, DIMENSION(:,:), POINTER :: D2ZIJ

    REAL, DIMENSION(:,:), POINTER :: DYVIN

    REAL, DIMENSION(:,:), POINTER :: DXUIN

    REAL, DIMENSION(:,:), POINTER :: D2ZIN

    REAL, DIMENSION(:,:), POINTER :: D2PIN

    REAL, DIMENSION(:,:), POINTER :: FFFIJ

  END TYPE T_MAP_FACTORS

  TYPE T_AVRX_COEFFS

    REAL, DIMENSION(:,:    ), POINTER   :: SU

    REAL, DIMENSION(:,:    ), POINTER   :: SV

  END TYPE T_AVRX_COEFFS

  type T_TILT_PARMS

    REAL :: TILT

    REAL :: ROTATION

    REAL :: PRECESSION

  end type T_TILT_PARMS

   TYPE T_NEWS_Grid

!    Grid info

      TYPE(T_Point),  POINTER :: C_GLOBAL(:,:,:) ! IM_WORLD+1 by JM_WORLD+1 

                                                 ! Corner points of the lattice.

      TYPE(T_Point),  POINTER :: C_LOCAL (:,:,:) ! IM+1 by JM+1 

                                                 ! Corner points of the lattice.

      REAL,           POINTER :: W_GLOBAL(:,:,:) ! IM_WORLD by JM_WORLD 

                                                ! fractional area of grid boxes.

      REAL,           POINTER :: W_LOCAL (:,:,:) ! IM by JM 

                                                ! fractional area of grid boxes.

      REAL                    :: TWO_PI         !

      REAL                    :: NORTH_POLE     !

      REAL                    :: SOUTH_POLE     !

      INTEGER                 :: IM_WORLD       !

      INTEGER                 :: JM_WORLD       !

      INTEGER                 :: GRID_TYPE      !

      INTEGER                 :: I_OF_U_W_OF_P1 !

      INTEGER                 :: J_OF_V_S_OF_P1 !

!    Decomposition info

      INTEGER NX,  NY                           ! Size of PE lattice

      INTEGER NX0, NY0                          ! Position oF local PE on lattice

      INTEGER ME                                ! Absolute address of local PE

      INTEGER NN_EAST,  NN_WEST                 ! Absolute address of E-W 

                                                ! nearest neighbors

      INTEGER NN_NORTH, NN_SOUTH                ! Absolute address of N-S 

                                                ! nearest neighbor

      INTEGER,POINTER         :: IM(:)          ! NX array of local X grid 

                                                ! size of each column of PEs.

                                                ! Empty columns may have zero.

      INTEGER,POINTER         :: JM(:)          ! NY array of local X grid 

                                                ! size of each row of PEs.

                                                ! Empty rows may have zero.

      INTEGER,POINTER         :: PE(:,:)        ! Absolute addresses of each 

                                                ! PE in the lattice

                                                ! An NX by NY array with values

                                                ! ranging from  0 to

                                                ! number of active PEs, or set 

                                                ! to -1 empty PEs.

      TYPE(T_Vector_Grid)     :: VGRID_P        ! VECTOR VERSION OF NEWS GRID

      TYPE(T_Vector_Grid)     :: VGRID_U        ! VECTOR VERSION OF NEWS GRID

      TYPE(T_Vector_Grid)     :: VGRID_V        ! VECTOR VERSION OF NEWS GRID

      INTEGER,POINTER         :: IFRST(:)       ! I WORLD INDECES OF LOCAL BOX

      INTEGER,POINTER         :: ILAST(:)       ! I WORLD INDECES OF LOCAL BOX

      INTEGER,POINTER         :: JFRST(:)       ! J WORLD INDECES OF LOCAL BOX

      INTEGER,POINTER         :: JLAST(:)       ! J WORLD INDECES OF LOCAL BOX

    END TYPE T_NEWS_Grid

        TYPE T_Point

         REAL  :: X

         REAL  :: Y

        END TYPE T_Point

        TYPE T_Vector_Grid

!    Grid info

! Polygons and weights are initially stored globally but later

! just locally to conserve memory.

         TYPE (T_Polygon), POINTER :: P_GLOBAL(:)  ! N global polygons 

                                                   ! describing the grid boxes

         TYPE (T_Polygon), POINTER :: P_LOCAL (:)  ! N local polygons 

                                                   ! describing the grid boxes

         REAL            , POINTER :: W_GLOBAL(:)  ! N global weights of boxes 

         REAL            , POINTER :: W_LOCAL (:)  ! N local weights of boxes 

         REAL                      :: TWO_PI       !

         REAL                      :: NORTH_POLE   !

         REAL                      :: SOUTH_POLE   !

!    Decomposition info

         INTEGER NX                                ! Size of PE lattice

         INTEGER NX0                               ! Position oF local PE on lattice

         INTEGER ME                                ! Absolute address of local PE

         INTEGER,POINTER         :: IM(:)          ! Array of number of grid elements in each PE.

         INTEGER,POINTER         :: IFRST(:)       ! I WORLD INDECES OF LOCAL BOX

         INTEGER,POINTER         :: ILAST(:)       ! I WORLD INDECES OF LOCAL BOX

         INTEGER,POINTER         :: PE(:)          ! Absolute addresses of each PE in the lattice

        END TYPE T_Vector_Grid

        TYPE T_Polygon

         TYPE(T_Point), POINTER  :: V(:)   ! Pointer to and array of N vertices

        END TYPE T_Polygon

      REAL,    INTENT(IN)         :: SIG(0:)

      INTEGER, INTENT(IN)         :: KM

      REAL, INTENT(IN)            :: UOB(XSIZE,YSIZE,ZSIZE)

      REAL, INTENT(IN)            :: VOB(XSIZE,YSIZE,ZSIZE)

      REAL, INTENT(IN)            :: POB(XSIZE,YSIZE,ZSIZE)

      REAL, INTENT(IN)            :: QOB(XSIZE,YSIZE,ZSIZE,KM)

      REAL, INTENT(IN)            :: PIB(XSIZE,YSIZE)

      REAL, INTENT(IN)            :: UOM(XSIZE,YSIZE,ZSIZE)

      REAL, INTENT(IN)            :: VOM(XSIZE,YSIZE,ZSIZE)

      REAL, INTENT(IN)            :: POM(XSIZE,YSIZE,ZSIZE)

      REAL, INTENT(IN)            :: QOM(XSIZE,YSIZE,ZSIZE,KM)

      REAL, INTENT(IN)            :: PIM(XSIZE,YSIZE)

      REAL, INTENT(INOUT)         :: UOI(XSIZE,YSIZE,ZSIZE)

      REAL, INTENT(INOUT)         :: VOI(XSIZE,YSIZE,ZSIZE)

      REAL, INTENT(INOUT)         :: POI(XSIZE,YSIZE,ZSIZE)

      REAL, INTENT(INOUT)         :: QOI(XSIZE,YSIZE,ZSIZE,KM)

      REAL, INTENT(INOUT)         :: PII(XSIZE,YSIZE)

      REAL, INTENT(OUT)           :: OMG(HLBOUNDS,:)

      REAL, INTENT(OUT)           :: VOR(HLBOUNDS,:)

      REAL, INTENT(OUT)           :: DIV(HLBOUNDS,:)

      REAL, INTENT(OUT)           :: KNE(HLBOUNDS,:)

      REAL, INTENT(OUT)           :: UOI_PSF(XSIZEH,YSIZEH,ZSIZE)

      REAL, INTENT(OUT)           :: UOI_PHX(XSIZEH,YSIZEH,ZSIZE)

      REAL, INTENT(OUT)           :: UOI_KEX(XSIZEH,YSIZEH,ZSIZE)

      REAL, INTENT(OUT)           :: UOI_VAD(XSIZEH,YSIZEH,ZSIZE)

      REAL, INTENT(OUT)           :: UOI_INR(XSIZEH,YSIZEH,ZSIZE)

      REAL, INTENT(OUT)           :: QOI_VAD(XSIZEH,YSIZEH,ZSIZE) ! Only 1 tracer

      REAL, INTENT(OUT)           :: QOI_HAD(XSIZEH,YSIZEH,ZSIZE)

      REAL, INTENT(OUT)           :: POI_VAD(XSIZEH,YSIZEH,ZSIZE)

      REAL, INTENT(OUT)           :: POI_HAD(XSIZEH,YSIZEH,ZSIZE)

      REAL, OPTIONAL, INTENT(IN)  :: OMEGA

      REAL, OPTIONAL, INTENT(IN)  :: MW(0:KM)

      REAL, OPTIONAL, INTENT(IN)  :: AE

      REAL, OPTIONAL, INTENT(IN)  :: PHS(XSIZE,YSIZE)

      REAL, OPTIONAL, INTENT(IN)  :: DT

      REAL, OPTIONAL, INTENT(OUT) :: OMC

      REAL, OPTIONAL, INTENT(OUT) :: CPE

      REAL, OPTIONAL, INTENT(OUT) :: CKE

      REAL, OPTIONAL, INTENT(OUT) :: POT

      REAL, OPTIONAL, INTENT(OUT) :: CQE(1:KM)

      REAL, OPTIONAL, INTENT(OUT) :: PLH(XSIZE,YSIZE,0:ZSIZE)

      REAL, OPTIONAL, INTENT(OUT) :: PKH(XSIZE,YSIZE,0:ZSIZE)

      REAL, OPTIONAL, INTENT(OUT) :: PKO(XSIZE,YSIZE,  ZSIZE)

      LOGICAL, OPTIONAL, INTENT(IN)  :: NOAVRX

      LOGICAL, OPTIONAL, INTENT(IN)  :: SECOND_ORDER

These macros are included (with others) in DYCORE and are used to define the size of arrays.

#define   I_DOMAIN        I1-1:IN+1

#define   J_DOMAIN        J1-1:JN+1

#define   DOMAIN          I_DOMAIN,J_DOMAIN

#define HLBOUNDS HORZ_GRID%IFRST-1:,HORZ_GRID%JFRST-1:

#define NG_BNDS  HORZ_GRID%IFRST  :,HORZ_GRID%JFRST  :

#define XSIZE    HORZ_GRID%IFRST-1:HORZ_GRID%ILAST+1

#define YSIZE    HORZ_GRID%JFRST-1:HORZ_GRID%JLAST+1

#define XSIZEF   HORZ_GRID%IFRST-2:HORZ_GRID%ILAST+2

#define YSIZEF   HORZ_GRID%JFRST-2:HORZ_GRID%JLAST+2

#define XSIZEH   HORZ_GRID%IFRST  :HORZ_GRID%ILAST  

#define YSIZEH   HORZ_GRID%JFRST  :HORZ_GRID%JLAST

#define ZSIZE    UBOUND(SIG,1)

These are the routines used to create the state variables. They are called from INIT_STATE in dynamics2.f90 which is called from INIT in dynamics.f90 which is called from aries.f90.

subroutine CREATE_STATE_VARS ( HORZ_GRID, VERT_GRID, KM, STATE_VARS )

   TYPE (T_DYNAMICS_HORZ_GRID )     , INTENT(IN   ) :: HORZ_GRID

   TYPE (T_DYNAMICS_VERT_GRID )     , INTENT(IN   ) :: VERT_GRID

   INTEGER                          , INTENT(IN   ) :: KM

   TYPE (T_DYNAMICS_STATE_VARS)     , INTENT(INOUT) :: STATE_VARS

! Local variables

   type (T_NEWS_GRID     )                          :: NEWS_GRID

   INTEGER :: LM

   INTEGER :: I1

   INTEGER :: IN

   INTEGER :: J1

   INTEGER :: JN

   NEWS_GRID = HORZ_GRID%NEWS_GRID

   call NEWS_GRID_INTERIOR   ( &

     NEWS_GRID               , &

     I1                      , &

     IN                      , &

     J1                      , &

     JN                      )

   LM = VERT_GRID%LM

   ALLOCATE(STATE_VARS%PS   (DOMAIN        ))

   ALLOCATE(STATE_VARS%U    (DOMAIN, LM    ))

   ALLOCATE(STATE_VARS%V    (DOMAIN, LM    ))

   ALLOCATE(STATE_VARS%THETA(DOMAIN, LM    ))

   ALLOCATE(STATE_VARS%Q    (DOMAIN, LM, KM))

   RETURN

end subroutine CREATE_STATE_VARS

  subroutine NEWS_GRID_INTERIOR   ( &

    GRID                          , &

    I1                            , &

    IN                            , &

    J1                            , &

    JN                            )

    type (T_NEWS_GRID), intent(in ) :: GRID

    integer           , intent(out) :: I1

    integer           , intent(out) :: IN

    integer           , intent(out) :: J1

    integer           , intent(out) :: JN

    I1 = GRID%IFRST(GRID%NX0)

    IN = GRID%ILAST(GRID%NX0)

    J1 = GRID%JFRST(GRID%NY0)

    JN = GRID%JLAST(GRID%NY0)

  end subroutine NEWS_GRID_INTERIOR

�PAGE \# "'Page: '#'�'"  �� Of the input arguments, only ix and jx are required (these are nlat and nlon, respectively).  The others are optional and contain as follows:  


	ihalo, jhalo:  # halo points along W/E, S/N boundaries (default=1)


	halo_buffer is the size of buffer for halo region transmits


	decomp(2) is the domain decomposition control


		decomp(1) is x-axis decomposition


		decomp(2) is y-axis decomposition


		decomp(1)*decomp(2) must = number of processors or program will fail


	channel is the channel model control (logical, either true or false).  I don’t know what this does


	tph0d, tlm0d are grid/glob transformation controls of some sort.  Default is 0.


�PAGE \# "'Page: '#'�'"  ��Updates the boundaries for 2d arrays in horiz_grid_type  (found in boundary.f90)


�PAGE \# "'Page: '#'�'"  ��ntrace is the number of tracers (including specific humidity).  ntprog is the number of prognostic tracers used (including specific humidity).  These are tracers that are advected and horizontally diffused by the dynamical core.  


�PAGE \# "'Page: '#'�'"  ��This has been added to support future capabilities.  As of now, only 1 should be used for nvar!!!!


�PAGE \# "'Page: '#'�'"  ��This allocates memory for the prognostic variables and tendencies on the horizontal grid.  Hgrid contains nlon and nlat, while kx contains the number of levels.  This needs to be accomplished for both Var and Var_dt.


�PAGE \# "'Page: '#'�'"  ��fis and res are pointers to 2D structures of type Var containing elevation and reciprocal of sfc eta, respectively (static fields).  omega is a pointer to a 3D structure of type Var containing omega (vertical velocity) on the 3D grid.


�PAGE \# "'Page: '#'�'"  ��Apparently, the tracers must first be set to zero.  At least one tracer should be used.  Specific humidity is in kg/kg.


�PAGE \# "'Page: '#'�'"  ��The vertical grid is initialized using the eta and peta values calculated earlier.  Once done, eta and peta are no longer needed.


�PAGE \# "'Page: '#'�'"  ��This is the timestep in seconds


�PAGE \# "'Page: '#'�'"  ��Returns a pointer to the structure Dyam which contains all the needed info (Hgrid, Vgrid, fis, res, dt_dynam, num_adjust_dt).  Note:  num_adjust_dt is the number of adjustment timesteps accomplished for each advection time step – 4 is recommended.


�PAGE \# "'Page: '#'�'"  ��This set of steps calculated the integrated diagnostic quantities.  Aries may or may not need these calculated – my initial guess is not since they will might be calculated by Aries after converted back to its format.  However, examination of the Aries dycore shows that some diagnostic quantities (vort, div, omega, and kinetic energy) are calculated by the dycore (optional).  Whether the Aries model requires these quantities calculated by the dynamical core is another issue to examine.


�PAGE \# "'Page: '#'�'"  ��Here’s the meat of the dynamics code.  Once Var and Var_dt are calculated and converted, it’s just a matter of calling the bgrid dynamical core using the driver.  Var is an input only.  Var_dt and Dynam are input and output both.  Omega is the vertical velocity and is only an output.  


�PAGE \# "'Page: '#'�'"  �� This will probably not need to be done.  This scales the tendencies created for one time step to match the time step used in a different portion of the code (like physics, for example).  
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