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1 Introduction

This is the User Manual of the generic MESSy submodel GRID. GRID is used by submodels requiring
grid transformations. Therefore it is internally used within MESSy and a model user need not to bother
about the technical details of GRID. However, code developers, implementing grid transformation or
other grid relevant routines into a MESSy code, may find useful information by reading this manuscript
as it provides a detailed description of the data types, the modules and subroutines of GRID and its
subsubmodels. Section 2 gives an overview of how the different subroutines and modules play together.
The details about all files in the submodel core layer (SMCL) and the basemodel interface layer (BMIL)
are provided in Sects. 3 and 4, respectively.

2 Overview

Figure 1 depicts the dependencies of the GRID submodel. The basic GRID modules!
(MESSY_MAIN_GRID and MESSY_MAIN_GRID_NETCDF) are used by nearly every GRID module (purple
arrows). Only the subsubmodels GRID_TRAFO_SCRP_BASE is completely autonomeous.

Table 1: List of routines and type declarations in GRID. Routines are coloured blue and structures
red.

# Routine name Short description Sect.
MESSY _MAIN_GRID NETCDF 3.1
t_narray definition of data type array (t_narray) 3.1.1.1
t_ncdim definition of data type dimension (t_ncdim) 3.1.1.2
t_ncatt definition of data type attribute (t_ncatt) 3.1.1.3
t_ncvar definition of data type variable (t_ncvar) 3.1.14
INIT_NCDIM initialisation of a variable of type t_ncdim 3.1.2.1
INIT_NCATT initialisation of a variable of type t_ncatt 3.1.2.1
INIT_NCVAR initialisation of a variable of type t_ncvar 3.1.2.1
INIT_NARRAY initialisation / allocation of a variable of type  3.1.2.2
t_narray

COPY_NCDIM copying of a variable of type t_ncdim 3.1.2.3
COPY_NCATT copying of a variable of type t_ncatt 3.1.2.3
COPY_NCVAR copying of a variable of type t_ncvar 3.1.2.3
COPY_NARRAY copying of a variable of type t_narray 3.1.2.3
PRINT_NCDIM printing of a variable of type t ncdim 3.1.2.4
PRINT_NCATT printing of a variable of type t_ncatt 3.1.24
PRINT_NCVAR printing of a variable of type t_ncvar 3.1.24
PRINT_NARRAY printing of a variable of type t_narray 3.1.24
QCMP_NCDIM comparison of variables of type t_ncdim 3.1.2.5
QCMP_NCATT comparison of variables of type t_ncatt 3.1.2.5
QCMP_NCVAR comparison of variables of type t_ncvar 3.1.2.5
QCMP_NARRAY comparison of variables of type t_narray 3.1.2.5
IMPORT_NCDIM import of a variable of type t_ncdim 3.1.2.6.1
IMPORT_NCATT import of a variable of type t_ncatt 3.1.2.6.2

'Following the MESSy naming convention, the Fortran files are named as the modules they contain.
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Table 1: List of routines in GRID (... continued)

# Routine name Short description Sect.
IMPORT_NCVAR import of a variable of type t_ncvar 3.1.2.6.3
EXPORT_NCDIM export of a variable of type t ncdim 3.1.2.7
EXPORT_NCATT export of a variable of type t_ncatt 3.1.2.7
EXPORT_NCVAR export of a variable of type t_ncvar 3.1.2.7
ADD_NCATT definition of an attribute variable 3.1.2.8
QDEF _NCVAR check of definition status of variable of type 3.1.2.9
t_ncvar
SCAN_NCVAR import of all variables contained in a netCDF file  3.1.2.10
RENAME _NCVAR renaming of a variable of type t_ncvar 3.1.2.11
IDX2FRAC_NCVAR preparation for 'IXF’ and ’IDX’ remapping 3.1.2.12
MAXFRAC2IDX_NCVAR postprocessing of data required for 'IDX’ remap- 3.1.2.13
ping
EXTRACT_NCATT conversion of GRID to CHANNEL attributes 3.1.2.14
NFERR output of netCDF error messages 3.1.3.1
STRING conversion of a 1D character pointer to string 3.1.3.2
SORT_NARRAY Sorting of a 1D variable of type t_narray 3.1.3.3
REORDER_NARRAY Reordering of a variable of type t_narray 3.1.34
DP_NARRAY conversion of a variable of type t_narray to double  3.1.3.5
precision float (VTYPE_DOUBLE)
SP_NARRAY conversion of a variable of type t_narray to single 3.1.3.6
precision float (VTYPE_REAL)
SCALE_NARRAY Scaling of a variable of type t_narray 3.1.3.7
CAT_NARRAY merging of two variables of type t_narray 3.1.3.8
POSITION calculation of position number in 1D array 3.1.3.9
ELEMENT calculation of the element vector of an element of 3.1.3.10
given position
QSORT_I sorting of a 1D integer data array 3.1.3.11
QSORT_B sorting of a 1D byte data array 3.1.3.11
QSORT_R sorting of a 1D single precision data array 3.1.3.11
QSORT_D sorting of a 1D double precision data array 3.1.3.11
ERRMSG error handling subroutine 3.1.3.12
RGMSG interface of message system 3.1.3.13
MAIN GRID_SET MESSAGEMODE definition of verbosity of RGMSG 3.1.3.14
NARRAYMAXVAL determination of the maximum value of the dat 3.1.3.15
component for a given variable of type t_narray
NARRAYMINVAL determination of the minimum value of the dat 3.1.3.15
component for a given variable of type t_narray
MESSY _MAIN_GRID 3.2
t_geohybgrid definition of data type for geohybrid grids 3.2.1
INIT_GEOHYBGRID initialisation of a variable of type t_geohybgrid 3.2.2.1
COPY_GEOHYBGRID copying of a variable of type t_geohybgrid 3.2.2.2
PRINT_GEOHYBGRID printing of a variable of type t_geohybgrid 3.2.2.3
IMPORT_GEOHYBGRID import of a variable of type t_geohybgrid 3.2.24
EXPORT_GEOHYBGRID export of a variable of type t_geohybgrid 3.2.2.5
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Table 1: List of routines in GRID (... continued)

# Routine name Short description Sect.

NEW_GEOHYBGRID definition of a new grid of type t_geohybgrid 3.2.2.6

COMPARE_TO_GRID comparison of a grid of type t_geohybgrid to given  3.2.2.7
grid components

LOCATE_GEOHYBGRID location of grid of type t_geohybgrid in concate-  3.2.2.8
nated list of grids

CLEAN_GEOHYBGRID_LIST deletion of the concatenated list of geohybrid grids  3.2.2.9

GRID_ERROR error function 3.2.2.10

MESSY _MAIN_GRID _TRAFO 3.3

SWITCH_GEOHYBGRID deletion of spacial dimensions from a grid of type 3.3.1
t_geohybgrid

CHECK_GEOHYBGRID consistency check for components of a grid of type 3.3.2
t_geohybgrid

SORT_GEOHYBGRID sorting of individual grid components from smallest 3.3.3
to largest

H2PSIG calculation of sigma or pressure levels from hybgrid 3.3.4
pressure coordinates

COMPLETE_GEOHYBGRID consistent definition of mid-points and interfaces in 3.3.5
a grid of type t_geohybgrid

CHECK_VAR_ON_GEOHYBGRID check if a variable of type t_ncvar is defined on a 3.3.6
grid of type t_geohybgrid

SORT_GEOHYBGRID_NCVAR sorting of a variable of type t_ncvar according to 3.3.7
a sorted grid of type t_geohybgrid

PACK_GEOHYBGRID_NCVAR packing of a variable of type t_ncvar according to 3.3.8
axes and dimension information

BALANCE_GEOHYBGRID copying of components of one grid of type 3.3.9
t_geohybgrid to another

BALANCE_GEOHYBGRID_NCVAR dimensioning of a variable of type t_ncvar accord-  3.3.10
ing to a grid of type t_geohybgrid

BALANCE _GEOHYBGRID TIME adjustment of the time axis of two grids of type  3.3.11
t_geohybgrid

REDUCE_INPUT_GRID reduction of input grid of type t_geohybgrid 3.3.12

PHIROT2PHI calculation of (geographical) latitude 3.3.13.2

PHI2PHIROT calculation of rotated latitude 3.3.13.1

RLAROT2RLA calculation of (geographical) longitude 3.3.13.3

RLAROT2RLA calculation of rotated longitude 3.3.134

UVROT2UV conversion of rotated wind vector to geographical  3.3.14
wind vector

UV2UVROT conversion of geographical wind vector to rotated  3.3.14
wind vector

UVROT2UV_VEC_JLOOP conversion of rotated wind vector to geographical  3.3.14

wind vector operating on j-vector
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Table 1: List of routines in GRID (... continued)

# Routine name Short description Sect.
MESSY _MAIN_GRID _TOOLS 3.4
RGTOOL_CONVERT conversion of a variable of type t_ncvar to a 4D 3.4.1
array
RGTOOL_CONVERT_DAT2VAR conversion of a 4D array to a variable of type 3.4.2
t_ncvar
RGTOOL_G2C conversion of grid components to multi-dimensional 3.4.3
arrays
ALINE_ARRAY conversion of a 2D array to a 1D vector 3.4.4
DEALINE_ARRAY conversion of a 1D vector to a 2D array 3.4.5
SET_SURFACE _PRESSURE (re-)setting of surface pressure component in a grid 3.4.6

of type t_geohybgrid

MESSY _MAIN_GRID _TRAFO_NRGD_BASE 3.5

MESSY _MAIN_GRID TRAFO_NRGD 3.6

REGRID_CONTROL driver of remapping by NREGRID 3.6.1

GEOHYBGRID_AXES construction of axes from grid information 3.6.2

PS2PS extraction of a variable of type t_narray from a 3.6.3
variable of type t_ncvar

BALANCE_GEOHYBGRID_PS adjustment of the surface pressure fields of two 3.6.4

grids
REGRID_GEOHYBGRID_PS mapping of the surface pressure field of one grid to 3.6.5

another grid

MESSY _MAIN_GRID _TRAFO _SCRP_BASE 3.7
MESSY _MAIN_GRID TRAFO_SCRP 3.8
t_scrip_grid definition of a structure describing a SCRIP grid 3.8.0.1
t_scrip_data definition of a structure combining two SCRIP  3.8.0.2
grids, a mapping method and the corresponding
weights
t_scrip_weights structure containing SCRIP weights 3.8.0.3
INIT_SCRIPGRID (re-)initialisation of a grid of type t_scrip_grid 3.8.1
COPY_SCRIPGRID copying of one grid of type t_scrip_grid to an- 3.8.2
other grid of the same type
DEFINE_SCRIPGRID definition of a grid of type t_scrip_grid 3.8.3
CLEAN_SCRIPGRID_LIST deletion of the concatenated list of grids of type 3.84
t_scrip_grid
COMPARE_TO_SCRIPGRID comparison of grid components to a grid of type 3.8.5
t_scrip_grid
GEOHYB2SCRIPGRID conversion of a grid of type t_geohybgrid to a grid 3.8.6
of type t_scrip_grid
INIT_SCRIPDATA (re-)initialisation of a structure of type  3.8.7

t_scrip_data
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Table 1: List of routines in GRID (... continued)

# Routine name Short description Sect.
DEFINE_SCRIPDATA definition of a variable of type t_scrip_data 3.8.8
COMPARE_SCRIPDATA comparison of individual components to a SCRIP 3.8.9
data set of type t_scrip_data
LOCATE_SCRIPDATA location of a SCRIP data set of type t_scrip_data  3.8.10
in the concatenated SCRIP data list
CLEAN_SCRIPDATA _LIST deletion of the concatenated list of data sets of type  3.8.11
t_scrip_data
CALC_SCRIPDATA definition of a SCRIP data set of type 3.8.12
t_scrip_data
INIT _WEIGHTS re-initialisation ~ of a  variable of type  3.8.13
t_scrip_weights
CALC_SCRIP_WEIGHTS calculation of the weights component of a SCRIP  3.8.14
data set
APPLY SCRIP WEIGHTS SCRIP interpolation 3.8.15
SCRIP_CONTROL driver of remapping by SCRIP 3.8.16
INTERPOL_GEOHYBGRID_PS interpolation of a surface pressure fields defined on ~ 3.8.17
one grid to another grid of type t_scrip_grid
BALANCE_CURVILINEAR_PS adjustment of the surface pressure definition of two  3.8.18
grids
CONSTRUCT_INPUT_SURF_PRESSURE definition of a surface pressure component for a grid ~ 3.8.19
MESSY _MAIN_GRID _MPI 3.9
MESSY_MAIN_GRID_BI 4.1
P_BCAST_GRID broadcasting of a grid of type t_geohybgrid 4.1.1
MAIN_GRID_INIT_MEMORY allocation of memory 4.1.2
MAIN_GRID_FREE MEMORY deallocation of memory 4.1.3
MESSY _MAIN_GRID_NETCDF _BI 4.2
P_BCAST_NCVAR broadcasting of a variable of type t_ncvar 4.2.1
P_BCAST_NCATT broadcasting of a variable of type t_ncatt 4.2.4
P_BCAST_NCDIM broadcasting of a variable of type t_ncdim 4.2.3
P_BCAST_NARRAY broadcasting of a variable of type t_narray 4.2.4

3 The SMCL GRID files

In the hierarchy of the GRID SMCL modules MESSY_MAIN_GRID_NETCDF is the most basic one. It
provides the netCDF related type declarations and corresponding routines. The structures are used
as components of more complex structures. They build the basis for all other process routines. Addi-
tionally, MESSY_MAIN_GRID_NETCDF contains the error output routines.
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> GRID_BI

._a GRID_NETCDF_BI

BMIL

~»-| GRID_TRAFO_SCRP GRID_TRAFO_NCRG <

SMCL

‘GRID_TRAFO_SCRP_BASE‘ GRID_TRAFO_NCRG_BASE

A

GRID_TRAFO GRID_TOOLS

A

GRID_NETCDF

Figure 1: Diagram of dependencies of the MESSy GRID modules. The arrows point in the direction
of USEage.

The module MESSY_MAIN_GRID contains the definition and the handling routines of the geohybrid grid.
For this, the structures declared in MESSY_MAIN_GRID_NETCDF are used. The geohybrid grid definition
and respective handling routines are the basis for the grid transformation.

The actual grid transformation routines are split into seven modules:

e Each individual mapping algorithm (at the time being SCRIP and NREGRID) consists of two
module files:

— a “base” file, containing the code of the actual regridding algorithm and

— the interface file that calls those core routines and contains the subroutines required for
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Parameter pointer  type / meaning
name name in
t_narray
VTYPE_UNDEF undefined, i.e. none of the pointers in the variable of type
t_narray is associated
VIYPE_INT vi the integer pointer is associated
VTYPE_REAL vr the single precision pointer is associated
VTYPE_DOUBLE vd the double precision pointer is associated
VTYPE_BYTE vb the byte value (integer 14) pointer is associated
VTYPE_CHAR ve the character pointer is associated

Table 2: Table of variable types available in variables of the type t_narray

the pre- and postprocessing of the input and output to/from the core, according to the
requirements of the respective regridding algorithm.

e In addition to the mapping algorithm dependent modules, one module
(MESSY_MAIN_GRID_TRAFO) provides tools for data operations which are independent of
the mapping method.

e The module MESSY_MAIN_GRID_TOOLS contains tools for conversions between the internally used
1D storage format and the user defined 2D and 4D arrays, which are attributed to geo-spacial
grids of the respective model. Furthermore, a subroutine is provided for updating the surface
pressure field contained in the grid definition during the simulation.

e Last but not least, the module MESSY_MAIN_GRID_MPI comprises routines for the proper abortion
of the simulations, e.g., in case of error, in parallel mode.

3.1 MESSY_MAIN_GRID_NETCDF
3.1.1 GRID data types

The layout of the basic GRID data types is based on the net CDF file format definition. Thus structures
for data arrays (t_narray), dimensions (t_ncdim), attributes (t_ncatt) and variables (t_ncvar) are
defined here.

3.1.1.1 TYPE t_narray

The type t_narray defines a universal data array. Universal means here, that each data type can be
used. For this, the type definition contains a vector pointer for each basic data type: single precision
float (vr), double precision float (vd), integer(I8) (vi), integer(I4) or byte (vb), and characters (vc).

TYPE t_narray
! n-dimenional array as 1D (LINEAR) array (REAL)

INTEGER :: type = VIYPE_UNDEF
INTEGER ::n =20 ! number of dimensions
INTEGER , DIMENSION(:), POINTER :: dim => NULL() ! dim. vector

REAL (SP) , DIMENSION(:), POINTER :: vr => NULL() ! real values
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REAL (DP) , DIMENSION(:), POINTER

INTEGER (I8), DIMENSION(:), POINTER

INTEGER (I4), DIMENSION(:), POINTER

CHARACTER, DIMENSION(:), POINTER
END TYPE t_narray

::ovd
trovi
i1 vb
11 ve
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=> NULL() ! double values
=> NULL() ! integer values
=> NULL() ! byte values
=> NULL() ! char. values

Only one of the pointers will become associated, when a variable of type t_narray is defined. All other
pointers are nullified. The integer component type indicates which of the data pointers is associated
(see Table 2 for a list of the possible values of type), and the variable n contains the length of the data
array. The integer parameter VTPYE_UNDEF is zero and indicates, if currently no data is associated.
The component dim is a vector which is allocated to the number of ranks of the corresponding user
variable. Each entry of dim contains the length of that respective dimension.

3.1.1.2 t_ncdim

The structure t_ncdim contains information to describe a dimension as in the netCDF standard.

TYPE t_ncdim
CHARACTER (LEN=GRD_MAXSTRLEN) :: name

INTEGER ::id = NULL_DIMID
INTEGER :: len =0

LOGICAL :: fuid = .false.
INTEGER :: varid = NULL_VARID

END TYPE t_ncdim

This structure consists of

e a (unique) name,

the length of the dimension (len),

is read from / written to a netCDF file.

an ID (id) indicating the dimension distinctively,

! name of dimension

! dimension ID

! length of dimension

! flag for "UNLIMITED" dimension
! variable ID, if coordinate var

a logical flag (fiud) indicating, if this dimension is the “unlimited” dimension,

the variable ID (varid) of the corresponding dimension variable in a netCDF file, if the dimension

The integer parameters NULL_DIMID and NULL_VARID are both “-1” and indicate if the IDs are not yet

set.

3.1.1.3 t_ncatt

The structure t_ncatt serves to store the information for the definiton of an attribute.
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TYPE t_ncatt
CHARACTER (LEN=GRD_MAXSTRLEN) :: name

INTEGER :: ID
INTEGER 1t xtype
INTEGER 11 varid
INTEGER :: len
TYPE(t_narray) :: dat

END TYPE t_ncatt

It consists of

e a (unique) name,

NULL_XTYPE !
NULL_VARID !

13

attribute name
ID of attribute
type of attribute
variable ID or

. NFOO_GLOBAL
length of attribute
content of attribute

e the ID of the attribute ID, identifying the attribute unambiguously.

e the type of the attribute (xtype). If the attribute is undefined, xtype is set to NULL_XTYPE,
otherwise xtype indicates of which type the component dat (as structure of type t_narray, see
Sect. 3.1.1.1) is. Table 2 lists the possible values.

e the component varid is set to the netCDF ID of the respective attribute, if the attribute is read
from a netCDF file. varid = NULL_VARID indicates that the attribute is not defined in the file,

or that it has not yet been read.

e the length of the attribute variable (1en) and

e the attribute contents (dat) of type t_narray.

3.1.1.4 t_ncvar

The structure t_ncvar stores the definition of a netCDF variable.

TYPE t_ncvar
CHARACTER (LEN=GRD_MAXSTRLEN)
INTEGER
INTEGER
INTEGER :
TYPE(t_ncdim), DIMENSION(:), POINTER ::
INTEGER
INTEGER
INTEGER :
TYPE(t_ncatt), DIMENSION(:), POINTER ::
TYPE(t_narray)
END TYPE t_ncvar

It contains the components:

. nhame

id

. Xtype
:: ndims
dim => NULL()
1 uid

:: dat

)

)

! variable name

NULL_VARID ! variable ID
NULL_XTYPE ! type of variable

0

! number of dimensions
! netCDF dimensions

NULL_DIMID ! unlimited dim ID

:: ustep = 0
:: natts = 0
att => NULL()

! step along unlim. ID
! number of attributes
I 1ist of attributes

! content of variable
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a name (name), (the maximal length of the string is 200 characters,)
e the variable ID (id), unambiguously identifying the variable,

e an indicator of the variable type (xtype). Table 2 lists the possible values of xtype. If the
variable is undefined, xtype is set to NULL_XTYPE.

e the number of dimensions (ndims),

e a 1D pointer (dim) of type t_ncdim for the definition of the dimension,
e the dimenion id of the unlimited dimension (uid, usually the time axis),
e the hyperslice along the unlimited axis (ustep),

e the number of attributes (natts),

e a 1D pointer (att) of type t_ncatt for the definition of the attributes,

e the variable contents (dat) of type t_narray.

3.1.2 Functions and Subroutines for type handling

3.1.2.1 INIT_NCDIM, INIT_NCATT, INIT_NCVAR
These subroutines initialise the variables of the corresponding type, i.e., they are reset to their initial
default contents:

e numbers are set to zero or their “undef”-value (e.g., xtype = NULL_XTYPE), respectively.
e allocated memory is released and

e pointers are nullified.

3.1.2.2 INIT_NARRAY

In contrast to the previous subroutines, the components of a variable of type t_narray are not
only deallocated and set to their default value in INIT_NARRAY, but depending on the optional
parameters of the variable can be allocated to a requested data size.

SUBROUTINE INIT_NARRAY(na, n, dim, qtype)

! initialise array of type narray

! INPUT:

! -n: number of dimensions

! - dim: length of dimensions

! - type: type of array (REAL, REAL(dp), INTEGER, CHAR, BYTE)

IMPLICIT NONE

! I/0
TYPE (t_narray), INTENT (INOUT) :: na
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INTEGER, INTENT(IN), OPTIONAL :: n
INTEGER, DIMENSION(:), INTENT(IN), OPTIONAL :: dim
INTEGER, OPTIONAL :: gtype

e n is the number of dimensions (i.e. na’n)

e The 1D integer vector dim provides the length of the individual dimensions of a variable. Ex-
ample: for a 3D array with sides X x Y x Z with length of 3 x 4 x 2 cells, dim = (3,4,2) and
na%n = 3. The required length of a data array is 3 x 4 x 2 = 24.

e If qtype is present and a dimension dim is provided, the data pointer of the corresponding type
is allocated to the length as determined by the product of the dimensions.

3.1.2.3 COPY_NARRAY, COPY_NCDIM, COPY_NCATT, COPY_NCVAR

These subroutines copy the content of one variable of the corresponding data type to another variable
of the same type. To avoid memory leaks, the destination variable always has the INTENT(INOUT)
attribute and is re-initialised at the beginning of the subroutines.

3.1.2.4 PRINT_NARRAY, PRINT_NCDIM, PRINT_NCATT, PRINT_ NCVAR

These subroutines provide log-file output of all components of the corresponding type. These sub-
routines are usually not used during a production simulation. Nevertheless, they are very helpful tools
during the implementation phase.

3.1.2.5 QCMP_NARRAY, QCMP_NCDIM, QCMP_NCATT, QCMP_NCVAR

These logical functions compare two variables of the corresponding data type to each other. If
all components are equal, the variables are equal and the functions return .TRUE.. Otherwise the
functions return .FALSE..

3.1.2.6 IMPORT_NCDIM, IMPORT_NCATT, IMPORT _NCVAR
These subroutines import the corresponding types from a netCDF file.

3.1.2.6.1 IMPORT_NCDIM

Parameters to the routine are a dimension variable to store the read informationen (dim), and,
optionally, the dimension name or the dimension ID, and the name or the ID of the netCDF file. For
both, the dimension and the netCDF file, either the name or the ID must be given, otherwise the
subroutine produces an error message and terminates the simulation.

SUBROUTINE IMPORT_NCDIM(dim, dimname, dimid, file, ncid)
! read structure of type t_ncdim from netcdf file

IMPLICIT NONE

! I/0
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TYPE (t_ncdim), INTENT (OUT) :: dim ! dimension
CHARACTER(LEN=%), INTENT(IN), OPTIONAL :: dimname ! name of dimension
INTEGER, INTENT(IN), OPTIONAL :: dimid ! dimension ID
INTEGER, INTENT(IN), OPTIONAL :: ncid ! netCDF file ID
CHARACTER (LEN=%), INTENT(IN), OPTIONAL :: file I filename

3.1.2.6.2 IMPORT_NCATT

Parameter to the subroutine are an attribute variable to store the read information (att) of type
t_ncatt. The name (varname) or the ID (varid) of the corresponding netCDF variable, the attribute
name (attname) or the ID (attID), the netCDF file name (file) or ID (ncid) and a logical flag
indicating, if the simulation should be terminated or continued, if the attribute is not available in the
netCDF file.

SUBROUTINE IMPORT_NCATT(att, varname, varid, attname, attID &
,file, ncid &
,lnostop)

! read structure of type t_ncatt from netcdf file

IMPLICIT NONE

' 1/0

TYPE (t_ncatt), INTENT (OUT) 1 att ! attribute
CHARACTER(LEN=%), INTENT(IN), OPTIONAL :: varname ! variable name
INTEGER, INTENT(IN), OPTIONAL :: varid ! netCDF variable ID
CHARACTER(LEN=%), INTENT(IN), OPTIONAL :: attname ! attribute name
INTEGER, INTENT(IN), OPTIONAL :: attID I attribute ID
INTEGER, INTENT(IN), OPTIONAL :: ncid ! netCDF file ID
CHARACTER (LEN=%), INTENT(IN), OPTIONAL :: file ! filename

LOGICAL, INTENT(IN), OPTIONAL :: lnostop ! do not stop if

! att. does not exist

3.1.2.6.3 IMPORT_NCVAR
IMPORT_NCVAR imports a variable of type t_ncvar from a netCDF-file.

SUBROUTINE IMPORT_NCVAR(var, ustep, varname, varid, file, ncid, setuid &
, pstart, pcount)
! read variable structure of type t_ncvar from netcdf file
IMPLICIT NONE

! I/0
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TYPE (t_ncvar), INTENT (INOUT) t: var ! variable

INTEGER, INTENT(IN), OPTIONAL :: ustep | step along unlim. DIM
CHARACTER (LEN=x) , INTENT(IN), OPTIONAL :: varname ! variable name
INTEGER, INTENT(IN), OPTIONAL :: varid ! variable ID

INTEGER, INTENT(IN), OPTIONAL :: ncid ! netCDF file ID
CHARACTER(LEN=x), INTENT(IN), OPTIONAL 1 file I filename

INTEGER, INTENT(IN), OPTIONAL :: setuid ! set this as unlim. ID

INTEGER, DIMENSION(2), INTENT(IN), OPTIONAL :: pstart
INTEGER, DIMENSION(2), INTENT(IN), OPTIONAL :: pcount

Parameters to this subroutine are

e the variable of type t_ncvar to store the imported data,

e the “time step” to be read (ustep), i.e., the hyperslice of the unlimited dimension,
e the name (varname) or the ID (varid) of the corresponding netCDF variable,

e the netCDF file name (file) or ID (ncid),

e an integer (setuid), which indicates that the dimension should be treated as unlimited dimen-
sion.

e two 2D integers (pstart and pcount) defining the hyperslice of data to be read. pstart indicates
the position at which the reading should start, pcount how many data points should be read
from pstart on. This is, for instance, used to reduce the size of the input grid and thus the
required memory. This is of special interest, if GRID is used in parallel domain decomposition.

3.1.2.7 EXPORT_NCDIM, EXPORT_NCATT, EXPORT_NCVAR

These subroutines export the variables of the corresponding type to a netCDF file. Parameters are
the corresponding variable and the name or ID of the netCDF file. For EXPORT_NCATT, additionally,
the logical parameter clobber can be defined, if .TRUE. an existing attribute will be overwritten.

3.1.2.8 ADD _NCATT
This subroutine inserts an attribute to the attribute list of a variable of type t_ncvar.
SUBROUTINE ADD_NCATT(var, name, replace, vs, vr, vd, vi, vb)

! add/replace attribute of name ’name’ to variable of type t_ncvar

IMPLICIT NONE

1 I/0

TYPE (t_ncvar), INTENT (INOUT) :: var
CHARACTER (LEN=x) , INTENT (IN) :: name
LOGICAL, INTENT(IN), OPTIONAL :: replace

CHARACTER (LEN=%) , INTENT(IN), OPTIONAL :: vs
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REAL (SP), DIMENSION(:), INTENT(IN), OPTIONAL :: vr
REAL (DP), DIMENSION(:), INTENT(IN), OPTIONAL :: vd
INTEGER(I8), DIMENSION(:), INTENT(IN), OPTIONAL :: vi
INTEGER(I4), DIMENSION(:), INTENT(IN), OPTIONAL :: vb

Parameters of the subroutine are

e the variable var of type t_ncvar to which the attribute will be added,
e the name of the attribute,

e an optional argument (replace), indicating whether an existing attribute of the same name
shall be replaced by the new one,

e 1D pointers (optional) corresponding to the type of the attribute to be stored in a variable of
type t_narray containing the actual data of the attribute.

3.1.2.9 QDEF_NCVAR
This logical function tests if a variable var of type t_narray is defined. Actually, it is tested whether
the structure component type is equal to VTYPE_UNDEF:

QDEF_NCVAR = (var¥dat%type /= VIYPE_UNDEF)

3.1.2.10 SCAN_NCVAR
This subroutine reads in all variables contained in a netCDF file of file ID ncid or name file.

IMPLICIT NONE

1 I/0

TYPE (t_ncvar), DIMENSION(:), POINTER :: var ! variables
CHARACTER (LEN=x) , INTENT(IN), OPTIONAL :: file ! filename
INTEGER, INTENT(IN), OPTIONAL :: ncid ! netCDF ID

Arguments of the subroutine are a 1D pointer var of type t_ncvar and the file name or file ID,
respectively. The pointer is allocated to the number of variables found in the file. Subsequently, all
variables are imported from the file.
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3.1.2.11 RENAME_NCVAR

This subroutine changes the name of a variable (var) of type t_ncvar to a griven new name
(newname).
SUBROUTINE RENAME_NCVAR(var, newname)

! rename variable of type t_ncvar

IMPLICIT NONE

1 I/0
TYPE (t_ncvar), INTENT(INOUT) :: var
CHARACTER (LEN=%), INTENT(IN) :: newname

3.1.2.12 IDX2FRAC_NCVAR
This subroutine is called before the remapping, if >IDX’ or ’>IXF’ mapping is required. This is used
for data represented by integer bins or categories, e.g. soil classes.

SUBROUTINE IDX2FRAC_NCVAR(vi, vf, vtype)

IMPLICIT NONE

1 I/0

TYPE (t_ncvar), INTENT(IN) vl ! variable with index field
TYPE (t_ncvar), INTENT(INOUT) i vf ! variable with index fraction
INTEGER, INTENT(IN), OPTIONAL :: vtype

Within the subroutine IDX2FRAC_NCVAR a new variable (vf) is defined which has one additional dimen-
sion in comparison to the input variable (vi). The length of the additional dimension is determined
by the number of categories, e.g. the number of available soil classes. Subsequently, the new variable
is initialised with zero and afterwards filled with “1” for the actual class of the input file. For example,
if a soil class input field indicates that grid point (i,j) belongs to soil class 5, the entry in the new
variable associated to the indices (i, j,5) is set to 1, while the entries for the other soil classes or bins
((i,j,1), (i,3,2), (i,3,3), ...) are zero.

Remapping of such a field yields automatically to the information, which fraction of the target field
is covered by a certain category (e.g. soil class).

3.1.2.13 MAXFRAC2IDX_NCVAR
This subroutine is called after the remapping, if >IDX’ regridding is requested.

SUBROUTINE MAXFRAC2IDX_NCVAR(vf, vi, vtype)
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IMPLICIT NONE

1 I/0

TYPE (t_ncvar), INTENT(IN) i vf ! index fractions
TYPE (t_ncvar), INTENT(INOUT) vl ! index

INTEGER, INTENT(IN), OPTIONAL :: vtype

In this case, the information provided by the remapping of the field, created by the subroutine
IDX2FRAC_NCVAR before the mapping, needs to be reduced, as ’IDX’ regridding requests only the
category of the largest fraction, i.e. the most abundant category. For example: a soil-vegetation-
scheme of an ESM can only work with one soil type per grid point. In this case only the soil class
which is dominating in the overlapping grid cells of the input field is used.

The output variable vi is defined with one dimension less than the input variable vf, as the dimension
for the individual categories is not required. Afterwards, the vector containing all categories for one
grid point is extracted and sorted. In the end, the category with the largest fraction is assigned to the
output variable vi.

3.1.2.14 EXTRACT_NCATT
This subroutine decomposes a variable of type t_ncvar into its components. This is especially used
in MESSY_MAIN_IMPORT_GRID_TOOLS_BI to convert GRID attributes to CHANNEL attributes.

SUBROUTINE EXTRACT_NCATT(att, type, name, i, c, r)

IMPLICIT NONE
INTRINSIC :: INT, MIN, REAL, LEN

' I/0

TYPE (t_ncatt), INTENT (IN) 1oatt

INTEGER, INTENT (OUT) :: type ! 1: integer, 2: string, 3: real(dp)
CHARACTER (LEN=%), INTENT(OUT) :: name

INTEGER, INTENT(INOUT) :: i

CHARACTER (LEN=*), INTENT(INOUT) :: c

REAL(DP) , INTENT(INOUT) :: r

Input is the attribute of type t_ncatt, output are the type of the attribute, its name and —depending
on the type— the respective integer, character or real value.

3.1.3 Functions and Subroutine for message handling

3.1.3.1 NFERR
This subroutine provides output of netCDF error messages.
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SUBROUTINE NFERR(routine, status, no)
! improved netcdf error output routines

IMPLICIT NONE

' I/0

CHARACTER (LEN=%), INTENT(IN) :: routine
INTEGER, INTENT (IN) :: status
INTEGER, INTENT(IN), OPTIONAL :: no

Input are a status flag, the name of the calling routine and an optional integer parameter, which
can be used to indicate the position in the calling sequence.

3.1.3.2 STRING
This function converts a 1D character pointer ¢ into a string. This is useful for the conversion of
the 1D character pointer such as the component in the type t_narray.

3.1.3.3 SORT_NARRAY
This subroutine sorts the entries of a 1D variable of type t_narray.

SUBROUTINE SORT_NARRAY(na, nx, reverse)

IMPLICIT NONE

' 1/0

TYPE (t_narray), INTENT(INOUT) :: na
TYPE (t_narray), INTENT(INOUT) I onx
LOGICAL , INTENT(IN) ,OPTIONAL :: reverse

The subroutine has two modi operandi:

1. If the LOGICAL reverse is present and .TRUE.: the input variable na of type t_narray is
sorted according to the indices provided by the second input variable nx of type t_narray,
which basic data type needs to be integer.

2. If reverse is not present or .FALSE., the input variable na of type t_narray is sorted from
smallest to largest numbers. The output variable nx then contains a vector of the same length
of na storing the original indices of the position. This index array can be used as input to
SORT_NARRAY to sort the array into its original order (e.g. after the remapping). Additionally, it
can be used as input to the subroutine REORDER_NARRAY to sort an additional array in the same

way.
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3.1.3.4 REORDER_NARRAY
This subroutine reorders the input variable na of type t_narray in a way determined by the second
input variable nx of type t_narray.

SUBROUTINE REORDER_NARRAY(na, nx)

IMPLICIT NONE

! I/0
TYPE (t_narray), INTENT(INOUT) :: na ! n-array to reorder
TYPE (t_narray), INTENT(IN) :: nx ! index n-array

As nx provides the required indices, it has to be of type VIYPE_INT. Additionally, the two variables
na and nx need to have the same length.

3.1.3.5 DOUBLE_NARRAY
This subroutine converts a variable of type t_narray to double precision float (VTYPE_DOUBLE).
This is only possible for variables of type VTYPE_DOUBLE, VTYPE_REAL, VTYPE_INT and VTYPE_BYTE.

3.1.3.6 REAL_SP _NARRAY
This subroutine converts a variable of type t_narray to single precision float (VTYPE_REAL). This
is only possible for variables of type VTYPE_DOUBLE, VTYPE_REAL, VTYPE_INT and VTYPE_BYTE.

3.1.3.7 SCALE_NARRAY
This subroutine scales a variable of type t_narray by a given scaling factor sc.

SUBROUTINE SCALE_NARRAY(na, sc)
! scale data of the variable of type t_narray by sc

IMPLICIT NONE

! I/0
TYPE (t_narray), INTENT(INOUT) :: na ! N-array
REAL , INTENT(IN) :: sc ! scaling factor

This is only possible for variables of type VIYPE_DOUBLE, VTYPE_REAL, VTYPE_INT and VTYPE_BYTE.
Variables of type VTYPE_INT and VTYPE_BYTE are converted to VTYPE_REAL.
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3.1.3.8 CAT_NARRAY
This subroutine appends a variable nb of type t_narray to the variable na of type t_narray.

SUBROUTINE CAT_NARRAY(na, nb)

IMPLICIT NONE

! I/0
TYPE(t_narray), INTENT(INOUT) :: na
TYPE(t_narray), INTENT(in) :: nb

Therefore, na and nb have to be of the same type and nb has to be defined. If na is undefined nb is
copied to na. If na and nb exist and are of the same type, nb is appended to na.

3.1.3.9 POSITION

This function calculates the position number in a 1D (linear) array, given, that the array is inter-
preted as an n-dimensional array with dimensions of length dim = (d1, d2, d3, ..., dN) of the
element vector vec = (v1, v2, v3, ..., vN). Example: In a 1D array of dimensions 4 x 3 x 2, the
position of the element with element vector (2,2,1) is 6.

INTEGER FUNCTION POSITION(vdim, vec)
IMPLICIT NONE
! I/0

INTEGER, DIMENSION(:), INTENT(IN) :: vdim
INTEGER, DIMENSION(:), INTENT(IN) :: vec

Input to the function are the integer vector vdim containing the lengths of the individual dimensions
of the n-dimensional array, and the vector vec containing the indices of the required element in the
n-dimensional space.

3.1.3.10 ELEMENT

This subroutine is the reverse of the function POSITION. It calculates the element vector vec of the
element with a position n in a 1D (linear) array, given that the array is interpreted as an n-dimensional
array with dimensions of length dim.
SUBROUTINE ELEMENT(dim, n, vec)

IMPLICIT NONE

! I/0
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INTEGER, DIMENSION(:), INTENT(IN) :: dim ! dimension vector
INTEGER, INTENT(IN) :: n ! element in linear array
INTEGER, DIMENSION(:), POINTER 11 vec ! element vector

Example: for a 4 x 3 x 2 space, position n=6 corresponds to the element vector vec=(2,2,1).

3.1.3.11 QSORT._I, QSORT_B, QSORT_R, QSORT_D
These subroutines sort a given 1D data array of type integer, byte, real or double precision, respec-

tively, from smallest to largest numbers.

RECURSIVE SUBROUTINE QSORT_X(data,idx,ileft,iright)

IMPLICIT NONE

! I/0

REAL (SP), DIMENSION(:), INTENT(INOUT) :: data ! data to sort
INTEGER (I8), DIMENSION(:), POINTER iroidx ! index list
INTEGER (I8), INTENT(IN), OPTIONAL :: ileft, iright

The subroutines QSORT_X (X is one of I, B, R or D) are recursive subroutines which efficiently sort
a given 1D data array. The pointer idx contains the original index of the data point. The optional
arguments ileft and iright allow for an application of the subroutine to a hyperslice of the data
array, thus making the sorting algorithm more efficient.

3.1.3.12 ERRMSG
This is an error handling subroutine for the output of meaningful error messages to the log-file.

applications.

SUBROUTINE ERRMSG(routine, status, pos)

IMPLICIT NONE

1 I/0

CHARACTER(LEN=%), INTENT(IN) :: routine
INTEGER, INTENT(IN) :: status
INTEGER, INTENT(IN) :: pos

It returns without any action, if the status equals zero. Otherwise it produces an error message
printing the status flag and the position pos. Finally, the simulation is terminated.
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variable name number meaning
MSGMODE_S 0 silent
MSGMODE_E 1 error messages only
MSGMODE_VL 2 little verbosity
MSGMODE_W 4 warning messages
MSGMODE_VM 8 medium verbosity
MSGMODE_I 16 all info messages

Table 3: List of verbosity stages
marker number meaning
RGMLE 0 error
RGMLEC 1 error continued
RGMLVL 2 little verbose
RGMLVLC 3 little verbose continued
RGMLW 4 warning
RGMLWC 5 warning continued
RGMLVM 6 medium verbose
RGMLVMC 7 medium verbose continued
RGMLI 8 information
RGMLIC 9 information continued

Table 4: List of message verbosity markers.

3.1.3.13 RGMSG

The submodel GRID uses a multi-level message system. RGMSG is an interface for four differ-
ent message subroutines (see below). In this way the talkativeness of the mapping software can
be easily changed. This is helpful, as during debugging phases a lot of information simplifies the
troubleshooting. Otherwise, during long-term simulations a longish log-file output is awkward and
costs unnecessary simulation time. The verbosity of the message system is set via the subroutine
MAIN_GRID_SET_MESSAGEMODE. Six stages of verbosity exist. Table 3 lists the identifiers used from
the user side to determine how many output is produced. The interface RGMSG is called with markers
indicating how important the respective output is. Table 4 lists these identifiers.

In case of “error”, “warning” or “info” the messages start with a respective identifier and afterwards
print the string provided to the message subroutine. The “continued” specifiers indicate that the
message is a continuation of an already started message, thus no identifier is printed and the text is
indented.

Additionally, RGMSG terminates the simulation, if this is triggered by the optional argument lstop.
If it is provided and .TRUE. the simulation will aborted after printing the message text. In case of
error messages (identifier RGMLE or RGMLEC) the simulation will be aborted automatically. Only if
lstop = .FALSE. this overrules the automatically produced abortion. In this way a continued error
message is generated.

3.1.3.13.1 RGMSG_C
The main working horse is the subroutine RGMSG_C. It produces the above mentioned message types
and forces the model to stop, if necessary.
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SUBROUTINE RGMSG_C(routine, level, c, lstop)
#if defined(MPI)

USE messy_main_grid_mpi, ONLY: grid_abort
#endif

IMPLICIT NONE

1 I/0

CHARACTER (LEN=%), INTENT(IN) :: routine
INTEGER, INTENT(IN) i1 level
CHARACTER(LEN=*), INTENT(IN) P
LOGICAL, INTENT(IN), OPTIONAL :: lstop

Input to the subroutine are the name of the calling subroutine (routine), the verbosity of the output
(level, see Table 4), a string containing the error message itself (c), and the optional argument 1stop
indicating whether the simulation shall be terminated.

3.1.3.13.2 RGMSG._
In addition to pure character output it might be required to print integer numbers.

Therefore the subroutine RGMSG_I allows to print an integer value (i) flanked by the character stings
(c1 and c2).

SUBROUTINE RGMSG_I(routine, level, cl, i, c2, 1lstop)

IMPLICIT NONE

! I/0

CHARACTER (LEN=%), INTENT(IN) :: routine
INTEGER, INTENT (IN) it level
CHARACTER (LEN=%), INTENT(IN) ::ocl
INTEGER, INTENT (IN) HE |
CHARACTER (LEN=%), INTENT(IN) 1roc2
LOGICAL, INTENT(IN), OPTIONAL :: 1lstop

Internally, a character string is produced from the two strings and the integer value. This string is
subsequently used as input to the routine RGMSG_C.

3.1.3.13.3 RGMSG_IA
If not only one integer, but an array of integers should be printed, the subroutine RGMSG_IA is called.

SUBROUTINE RGMSG_IA(routine, level, cl, i, c2, lstop)
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IMPLICIT NONE

! I/0

CHARACTER (LEN=%*) , INTENT (IN) :: routine
INTEGER, INTENT (IN) 11 level
CHARACTER (LEN=x) , INTENT (IN) it ocl
INTEGER, DIMENSION(:), INTENT(IN) R |
CHARACTER (LEN=%*) , INTENT (IN) N o)
LOGICAL, INTENT(IN), OPTIONAL :: lstop

As in the subroutine RGMSG_I a character string is produced from the two character strings c1 and c2
and the integer vector. This in turn is used as input for the subroutine RGMSG_C.

3.1.3.13.4 RGMSG_R

Last but not least, the subroutine RSMSG_R enables the output of a single precision float value. As
in RSMSG_T a single character string is created from the float value and the two input strings c1 and
c2, which serves as input for the subroutine call to RGMSG_C.

3.1.3.14 MAIN_GRID_SET MESSAGEMODE

With this subroutine the verbosity of the error message system RGMSG is controlled.
éUBROUTINE MAIN_GRID_SET_MESSAGEMODE (SETVALUE)

! set MESSAGE mode

IMPLICIT NONE

INTEGER, INTENT(IN), OPTIONAL :: SETVALUE

If called without an argument, the highest possible verbosity is applied. Possible values are arbitrary
sums of message mode markers (see Table 3).

3.1.3.15 NARRAYMAXVAL, NARRAYMINVAL
These functions provide the maximum or minimum value of the dat component for a given variable
of type t_narray.
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3.2 MESSY MAIN_GRID

The module file MESSY_MAIN_GRID contains basically everything that is required for the definition and
handling of the geohybrid grids. 7 introduces the geo-hybrid grid as follows: “The horizontal grid
space of geo-hybrid grid usually comprises geographical latitude and longitude. FEspecially in 3-D global
atmospheric models the vertical pressure (p) coordinate is often defined by hybrid levels (with index i)
of the form

p(i,m,y,t) = ha(i) 'p0+hb(i) -ps(a:,y,t), (1)

where ps is the surface pressure, py is a constant reference pressure, and h, and hy are the dimension-
less hybrid coefficients. This representation in a curvilinear coordinate system (dependent on longitude
z, latitude y, and time t) allows a terrain following vertical coordinate, if hg = 0 and hy = 1 for the
lowest level (surface level).”

Thus, dependent on the choice of ps and pg GRID is capable to handle all cases of vertical pressure
axes, such as

e hybrid pressure axes (h, # 0, hy # 0),
e constant pressure axes (h, = 0) and

e sigma levels (h, = 0).

In the case of hy = 0, hy - po could also be a height coordinate. The grid transformations require
that source and destination grids are both defined in the same vertical representation, i.e. either with
pressure or with height coordnates.

In the module header of MESSY_MAIN_GRID the structure for geohybrid grids of type t_geohybgrid is
defined. Asin a model simulation a large variety of geohybrid grids may be required, a concatenated list
of variables of type t_geohybgrid, GEOHYBGRIDLIST, of type t_geohybgrid_list is constructed.

3.2.1 TYPE t_geohybgrid

Due to different grid structures a geohybrid grid can be defined in many different ways. The structure
t_geohybgrid contains all information required for the submodel GRID.

TYPE t_geohybgrid

CHARACTER (LEN=GRD_MAXSTRLEN) :: name grid name

!
INTEGER :: ID = -99 ! GRID ID
CHARACTER (LEN=GRD_MAXSTRLEN) :: file ! path/filename
INTEGER it 0t ! time step
TYPE(t_ncatt) 1roatt I attribute
REAL(dp), DIMENSION(4,2) :: ranges = RGEMPTY

|
! MINIUM / MAXIMUM GEOGRAPHICAL EXTENSION

REAL (dp) , DIMENSION(2,2) :: minmaxlonlat = RGEMPTY
INTEGER, DIMENSION(2) :: start = -99
INTEGER, DIMENSION(2) :: count = -99
LOGICAL :: lonc = .TRUE.

TYPE (t_ncvar) :: lonm, latm, hyam, hybm, timem !mid-layer
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TYPE (t_ncvar) :: loni, lati, hyai, hybi linterface
TYPE (t_ncvar) :: ps, po

! curved grid variables

| geographical coordinates

LOGICAL :: clonc = .TRUE.

TYPE (t_ncvar) :: clonm, clatm, cloni, clati
! rotated coordinates

LOGICAL :: rlonc = .TRUE.

TYPE (t_ncvar) :: rlonm, rlatm, rloni, rlati
I rotated pole for rotated coordinates

TYPE (t_ncvar) :: pollon, pollat, polgam

END TYPE t_geohybgrid

A variable of type t_geohybgrid gets a unique name (name) and a unique ID (ID). If the definition of a
geohybrid grid is read from a file, the file name and path (file) and the time step (t) (i.e., the hyper-
slice along the unlimited id) are required. For the more in depth description of the grid, an attribute
(att) can be provided. Depending on the basemodel, some variables have to be limited in certain
ranges. The structure component ranges contains for all four space dimensions lower and upper
bounds. The structure component minmaxlonlat is required for the subroutine REDUCE_INPUT_GRID
(see Sect. 3.3.12) to check whether both grids are defined over the same domain. The structure
components start and count are also required for the input grid reduction.

Horizontal coordinates of the grid can be defined on grid mid-points (variable name ends with m)
and/or on interfaces (variable name ends with i). Depending on the actual grid, different definitions
of the horizontal coordinates apply. The reference system is always based on geographical coordi-
nates. Currently, three different sets for the definition of the horizontal coordinates are available in
t_geohybgrid:

1. rectangular geographical coordinates: lonm, latm, loni and lati
These variables of type t_ncvar are defined for geographically-rectangular grids. Thus these
variables contain geographical coordinate information and correspond to only one dimension,
i.e., a simple longitude or latitude axis. Additionally, the logical variable lonc indicates whether
the longitude axis is a modulo axis.

2. curvilinear coordinates: clonm, clatm, cloni, clati
These are coordinates which are not rectangular in geographical coordinates, e.g. a rotated
regional domain or an ocean model grid. The variables contain geographical coordinates, but, as
they are not rectangular in geographical coordinates, they comprise coordinate information for
each single grid point. Additionally, the logical variable clonc indicates whether the longitude
axis is a modulo axis.

3. rotated rectangular coordinates: rlonm, rlatm, rloni, rlati:

These coordinates are again rectangular, but they do not contain geographical coordinates.
These structure components are useful for rotated grids, as these can be handled similar to
geographical coordinates as long as only grids with the same rotation are transformed into
each other. The rotation of the grid in reference to the geographical system is defined by the
longitude, the latitude and the rotation angle for the north pole, i.e. pollon, pollat and polgam,
respectively. Additionally, the logical variable rlonc indicates whether the longitude axis is a
modulo axis.
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The vertical axis is defined via hybrid coefficients (on box mids and interfaces, hyam hybm hyai hybi,
respectively) and the surface pressure ps and a reference pressure pO.

timem defines the point in time the grid is associated to.

3.2.2 FUNCTIONS and SUBROUTINES for grid handling

The module MESSY_MAIN_GRID contains routines to handle variables of the above described type:

3.2.2.1 INIT_GEOHYBGRID
This subroutines initialises all components of the variable grid of type t_geohybgrid, i.e., all
components are set to default values.

3.2.2.2 COPY_GEOHYBGRID
This subroutine copies one variable of type t_geohybgrid to another variable of the same type.

At the beginning of the subroutine, the destination variable is re-initialised. Therefore, all information
stored in the variable upon calling this subroutine are lost.

3.2.2.3 PRINT_GEOHYBGRID

This subroutine prints components of the variable grid of type t_geohybgrid into the log-file. It
is not called during model simulation, as it produces an enormous amount of output. Nevertheless, it
is a useful tool during code implementation, to test if the grid is defined as expected.

3.2.2.4 IMPORT GEOHYBGRID
This subroutine imports all components of a variable of type t_geohybgrid from a netCDF file,
mostly by calling IMPORT_NCVAR (see Sect. 3.1.2.6.3).

SUBROUTINE IMPORT_GEOHYBGRID(grid, pstart, pcount)

! read geohybgrid from netcdf file
! NO CHECKING IN THIS ROUTINE !!!

IMPLICIT NONE

' 1/0

TYPE (t_geohybgrid),  INTENT(INOUT) :: grid
INTEGER, DIMENSION(2), INTENT(IN), OPTIONAL :: pstart
INTEGER, DIMENSION(2), INTENT(IN), OPTIONAL :: pcount

Here, pstart and pcount define the hyperslice of data to be read. pstart indicates the position at
which the reading should start, pcount how many data points should be read from pstart on. This
is used to reduce the size of the input grid and thus the required memory. This is of special interest, if
GRID is used in parallel domain decomposition. pstart and pcount contain 2 entries each in order to
limit the data in longitude and latitude direction. If the data is only 1D in the horizontal, the second

entry has no meaning.
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3.2.2.5 EXPORT_GEOHYBGRID

This subroutine exports the components of a variable grid of type t_geohybgrid to a netCDF file.
The filename is given by the component gridifile. The components of type t_ncvar are written to
the file by calling EXPORT_NVCAR.

3.2.2.6 NEW_GEOHYBGRID

During more complex model simulations, the definition of serveral geohybrid grids may be nec-
essary. To make them universally accessible and searchable, new grids are added to a concate-
nated list called GEOHYBGRIDLIST. The subroutine NEW_GEOHYBGRID adds a new entry to this list.
A new list element can be provided either by a variable of type t_geohybgrid, which has been
defined beforehand somewhere else in the code (NEW_GEOHYBGRID_BY_GRID) or by providing the com-
ponents of the grid (NEW_GEOHYBGRID_BY_COMPONENTS). Internally, NEW_GEOHYBGRID_BY_GRID calls
NEW_GEOHYBGRID_BY_COMPONENTS passing the individual grid components.

!
SUBROUTINE NEW_GEOHYBGRID_BY_COMPONENTS( status, id, name &

, lonm, latm, hyam, hybm, timem &
, loni, lati, hyai, hybi, &

, clonm, clatm, cloni, clati &
rlonm, rlatm, rloni, rlati &
, PS, PO, file, t &
, ranges, minmaxlonlat &
, pollon, pollat, polgam, col)

! define new geohybgrid

! INPUT:

! - components of geohybgrid

! OUTPUT:

' - id: the id of the newly defined grid

IMPLICIT NONE

1 I/0

INTEGER, INTENT (OUT) :: status
INTEGER, INTENT (QOUT) :: o id
CHARACTER (LEN=%) , INTENT(IN), OPTIONAL :: name
! mid-layer

TYPE(t_ncvar), INTENT(IN), OPTIONAL :: lonm
TYPE(t_ncvar), INTENT(IN), OPTIONAL :: latm
TYPE(t_ncvar), INTENT(IN), OPTIONAL :: hyam
TYPE(t_ncvar), INTENT(IN), OPTIONAL :: hybm
TYPE(t_ncvar), INTENT(IN), OPTIONAL :: timem
! interface layer

TYPE(t_ncvar), INTENT(IN), OPTIONAL :: loni
TYPE(t_ncvar), INTENT(IN), OPTIONAL :: lati

TYPE(t_ncvar), INTENT(IN), OPTIONAL :: hyai
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TYPE(t_ncvar), INTENT(IN), OPTIONAL :: hybi
! curvilinear
TYPE(t_ncvar), INTENT(IN), OPTIONAL :: clonm
TYPE(t_ncvar), INTENT(IN), OPTIONAL :: clatm
TYPE(t_ncvar), INTENT(IN), OPTIONAL :: cloni
TYPE(t_ncvar), INTENT(IN), OPTIONAL :: clati
! rotated curvilinear
TYPE(t_ncvar), INTENT(IN), OPTIONAL :: rlonm
TYPE(t_ncvar), INTENT(IN), OPTIONAL :: rlatm
TYPE(t_ncvar), INTENT(IN), OPTIONAL :: rloni
TYPE(t_ncvar), INTENT(IN), OPTIONAL :: rlati
! pressure
TYPE(t_ncvar), INTENT(IN), OPTIONAL :: ps
TYPE(t_ncvar), INTENT(IN), OPTIONAL :: pO
! rotated north pole
TYPE(t_ncvar), INTENT(IN), OPTIONAL :: pollon
TYPE(t_ncvar), INTENT(IN), OPTIONAL :: pollat
TYPE(t_ncvar), INTENT(IN), OPTIONAL :: polgam
! unstructured grid
TYPE(t_ncvar), INTENT(IN), OPTIONAL :: col

! if required file name for imported grid
CHARACTER (LEN=x) , INTENT(IN), OPTIONAL :: file
! if required time step in file of imported grid

INTEGER, INTENT(IN), OPTIONAL :: t

REAL(dp), DIMENSION(4,2), INTENT(IN), OPTIONAL :: ranges
REAL(dp), DIMENSION(2,2), INTENT(IN), OPTIONAL :: minmaxlonlat
! LOCAL

TYPE(t_geohybgrid_list), POINTER :: gi => NULLQ)
TYPE(t_geohybgrid_list), POINTER :: ge => NULLQ)
TYPE(t_geohybgrid), POINTER :: lgrid

INTEGER : cid ! grid id returned by compare

The subroutine has only two mandatory arguments: the output variables status indicating success,
error or that the grid exists already, and the ID of the newly defined (or the already defined, identi-
cal) grid. All other structure components of t_geohybgrid are optional arguments, thus only those
meaningful for the desired grid have to be provided. While the ID is used to identify geohybrid grids
unambiguously internally in GRID, the name of the grid is required to identify the grid for external
use (e.g., in IMPORT_GRID, if in the namelist a special target grid is requested). Thus, if the name
is present and non-empty the definition of a grid of this name is forced, even if all other components
of the grid are equal to another already defined grid. If the name is not present or empty the grid will
be named genericly.

At the beginning, the subroutine cycles through the list of already defined grids calling
COMPARE_TO_GRID (see Sect. 3.2.2.7) for each entry.

e The cycling is continued as long as COMPARE_TO_GRID returns with an negative ID, indicating
that the grids are not equal.
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e [f the grids are equal and name is not present or empty, ID is set to the ID of the already defined
grid and status is set to "1" indicating, that no new grid has been defined.

o If the grids are equal and a name is present, non-empty and not equivalent to the grid, the
cycling of the grid list is continued.

If a non-empty name is argument to the subroutine, an additional check is performed during the cycling
of the grid list: in order to make the grids later on uniquely identifyable also by name, the names of
the grid must be different. Therefore, it is checked whether the names are equal, if the grids differ.
Otherwise the simulation is terminated with an error.

If the new grid is not equal to one of the grids in the list, a new list entry is created and the subroutine
returns the new ID of the list entry and the status is set to zero, indicating success, i.e., the definition
of a new list entry. In case that a non-empty name is argument to the subroutine, this name is used,
otherwise the subroutine generates a grid name consisting of the string 'GENERICGRID’ and a five
digits long number.

3.2.2.7 COMPARE_TO_GRID
This subroutine compares a list of grid components to a provided variable of type t_geohybgrid.

!
SUBROUTINE COMPARE_TO_GRID(id, grid, lonm, latm, hyam, hybm, timem

&
, loni, 1lati, hyai, hybi, &
, clonm, clatm, cloni, clati &
, rlonm, rlatm, rloni, rlati &
, PS, pO, file, ¢, ranges &

, minmaxlonlat, pollon, pollat, polgam)

Mandatory arguments are only the output variable ID, which, in case of identical grids, contains the
grid ID, and the pointer to the grid, which should be compared to the components.

In the remainder of the subroutine, each present component is compared to the respective component
of grid. If they differ, the subroutine returns with ID set to -99, indicating that the grid components
are not equal to the provided components.

If the component is not present, but defined for grid the subroutine also returns with ID set to -99
indicating that the grid components are not fully equal to the provided components.

At the end, after the comparison of all components of the variable type t_geohybgrid, all components
of the grids are equal and the output variable ID is set to the ID of grid.

Note: there are two components that are not compared. First the ID, as this is simply the iden-
tifier of the grid in the list and second, the name is not compared, as it is often generated gener-
icly by NEW_GEOHYBGRID. If the name should also be tested this needs to be done “by hand” (as in
NEW_GEUHYBGRID)

3.2.2.8 LOCATE_GEOHYBGRID

During more complex model simulations it might be of interest to locate and access a cer-
tain grid in the list created by NEW_GEOHYBGRID. A grid is uniquely identifyable by its ID and
by its name. Therefore the subroutine interface LOCATE_GEOHYBGRID comprises two subroutines:
LOCATE_GEOHYBGRID_BY_ID and LOCATE_GEOHYBGRID_BY_NAME.
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3.2.2.8.1 LOCATE GEOHYBGRID BY _ID
This subroutine locates a variable of type t_geohybgrid based on an ID within the list of geohybrid

grids (GEOHYBGRIDLIST).

SUBROUTINE LOCATE_GEOHYBGRID_BY_ID(status, ID, pgrid, grid)
! search grid according to the given ID
! OUTPUT:
! - grid: the grid itself

! - pgrid: a pointer to the grid

IMPLICIT NONE

! I/0

INTEGER, INTENT(QUT) :: status
INTEGER, INTENT(IN) :: ID
TYPE(t_geohybgrid), POINTER, OPTIONAL :: pgrid
TYPE(t_geohybgrid), OPTIONAL :: grid

Input to the subroutine LOCATE_GEOHYBGRID_BY_ID is only an ID. The list of defined grids is cycled
until the ID is found. Depending on the arguments, a pointer pgrid is associated to the corresponding
list element or the content of the list element is copied to the output variable grid. In all cases a
status flag provides information about success or failure of the subroutine.

3.2.2.8.2 LOCATE GEOHYBGRID BY NAME
This subroutine locates a variable of type t_geohybgrid based on the grid name within the list of
geohybrid grids (GEOHYBGRIDLIST).

SUBROUTINE LOCATE_GEOHYBGRID_BY_NAME(status, name, pgrid, grid, ID)
! search grid according to the given name
! OUTPUT:
! - grid: the grid itself
! - pgrid: a pointer to the grid
! - ID: the grid ID
USE messy_main_constants_mem, ONLY: STRLEN_MEDIUM
IMPLICIT NONE

INTRINSIC :: ADJUSTL, ASSOCIATED, LEN_TRIM, TRIM

1 I/0
INTEGER, INTENT (OUT) :: status
CHARACTER (LEN=x) , INTENT (IN) :: name
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TYPE (t_geohybgrid) , POINTER, OPTIONAL :: pgrid
TYPE(t_geohybgrid), INTENT(INOUT), OPTIONAL :: grid
INTEGER, INTENT(OUT),  OPTIONAL :: ID

Input to the subroutine LOCATE_GEOHYBGRID_BY_NAME is only the name of the grid. The list of defined
grids is cycled until the grid with the name is found. Depending on the arguments, a pointer pgrid is
associated to the corresponding list element, or the content of the list element is copied to the output
variable grid. Furthermore, on demand this subroutine hands back the ID of the grid. In all cases a
status flag provides information about success or failure of the subroutine.

3.2.2.9 CLEAN_GEOHYBGRID_LIST
At the end of the simulation the concatenated list of geohybrid grids needs to be deleted. This is
done by the subroutine CLEAN_GEOHYBGRID_LIST.

3.2.2.10 Function GRID_ERROR

Within the subroutines of the submodel GRID consistency checks are performed and status flags
are set accordingly. These integer numbers are converted to meaningful error messages by the function
GRID_ERROR.
CHARACTER (LEN=256) FUNCTION GRID_ERROR(status)

! This subroutine provides an error string for a given status

IMPLICIT NONE

INTEGER, INTENT(IN) :: status

The function GRID_ERROR produces the error string for a given status flag.
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3.3 MESSY _MAIN _GRID_TRAFO

The module MESSY_MAIN_GRID_TRAFO contains routines necessary to operate on grids. These rou-
tines are mostly applied during the transformation / mapping process in REGRID_CONTROL and
SCRIP_CONTROL.

3.3.1 SWITCH_GEOHYBGRID

This subroutine deletes dimensions and the respective components from a variable of type
t_geohybgrid.
SUBROUTINE SWITCH_GEOHYBGRID(g, 1x, ly, 1l=z)

! this subroutine initializes (=deletes) dimensions of a geohybgrid,
! if respective logicals are true:

! — 1x = .FALSE: : re-initialise lonm and loni
! = 1ly = .FALSE: : re-initialise latm and lati
! — 1z = .FALSE: : re-initialise vertical definition

IMPLICIT NONE

! I/0
TYPE(t_geohybgrid), INTENT(INOUT