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S REGRID

5.1 Purpose

The purpose of REGRID is to read archived gridded meteorological analyses and forecasts on
pressure levels and interpolate those analyses from some native grid and map projection to the
horizontal grid and map projection as defined by the MM5 preprocessor program TERRAIN.
REGRID handles pressure-level and surface analyses. Two-dimensiona interpolation is per-
formed on these levels. Other types of levels, such as constant height surfaces, isentropic levels
or model sigma or etalevels, are not handled.

REGRID isthe second step in the flow diagram of the MM5 modeling system (Fig.1.1). It expects
input from the TERRAIN program, and creates files ready for RAWINS, LITTLE R, or
INTERPF. These files are generally used as the first guess to an objective analysis (RAWINS or
LITTLE_R), or asanalyses which are to be directly interpolated to the MM5 model levelsfor ini-
tial and boundary conditions for MM5 (INTERPF).

An additional capability of REGRID is the capability to insert, or “bogus in” atropical cyclone

into the analysis. Thisis afairly specialized usage of REGRID, and will not be discussed in any

detail here. For details on this tropical cyclone bogussing method, see:
http://www.mmm.ucar.edu/mm5/mm5Sv3/tc-report.pdf  (pdf format)
http://www.mmm.ucar.edu/mm5/mm5v3/tc-report.doc  (word format)

5.2 Structure

REGRID is not asingle program, but a suite of programs to handle various tasks of the REGRID
package. The tasksare split up into two main components:

1) datainput (i.e., reading the original meteorological analyses)

2) interpolation to MM5 grid.
The datainput task is handled by the programs collectively known as* pregrid”, and the interpola-
tion to the MM5 grid is handled by the program “regridder”. Communication between these pro-
grams is accomplished via intermediate files written in a pretty ssmple format. The pregrid tasks
are further subdivided into programs which read some specific data formats, while the regridder
tasks are managed in a single program. The intent is that individual users can easily write their
own data input programs (i.e., their own pregrid programs) if necessary, thus introducing their
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own datainto the MM5 Modeling System.

This division separates the fairly messy and very dataset-specific task of reading data from the
more general task of interpolation. By this divison, REGRID can be easily expanded to ingest
more data sets, and users can more easily ingest their own data sets for use in the MM5 system.

5.3 A schematic

Thinking of REGRID as a package:

TERRAIN REGRID | 5 | LITTLE R|l—p»

Analyses

‘REGRID

| | PREGRID _>'”tegreesd'ate_> REGRIDDER -|—> LITTLE_R

Analyses /
TERRAIN |

5.4 Input to pregrid

The pregrid program expects to find files of gridded meteorologica analyses. Currently, pregrid
can read many data sets formatted in GRIB Edition 1 (hereinafter referred to as GRIB), aswell as
several GRIB and non-GRIB data sets that have traditionally been available to MM5 users.

Most of the individual pregrid programs, particularly those dealing with GRIB datasets, also
expect to find tables which tell the pregrid program what fields to access from the input files.
These arereferred to as “Vtables’ and are discussed in greater detail below.

A Fortran namelist file passes user-specified options to pregrid. For pregrid, this is mostly date
information.
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5.5 Input to regridder

The regridder program expects to find in the files from pregrid the fields of temperature, horizon-
tal wind components, relative humidity, height of pressure levels, sea-level pressure, sea-surface
temperature, and snow-cover data. Other fields may be used as well, interpolated and passed on to
the rest of the modeling system. When you set up and run the pregrid programs, you should verify
that the files you pass to regridder contain the necessary fields. One way to verify thisis to run
regridder and see what error messages it gives you.

From the TERRAIN files, regridder finds terrain, land-use, and map data.

A Fortran namelist file passes user-specified options to regridder.

5.6 Output from regridder

The regridder program creates afile called “REGRID_DOMAIN#". This file contains the data at
every time period for asingle domain. Thisfileisin MM5v3 format which is discussed in greater
detail in Chapter 13, “1/O Format”

5.7 Intermediate Data Format

Key to the REGRID package is the data format used for passing data from pregrid to regridder.
Data are passed from the pregrid programs to regridder viafiles written in the format described in
this section.

5.7.1 General format description

Fields are written to the intermediate files as as two-dimensional horizontal (i.e., pressure-level or
surface) dabs of data. Each horizontal slab contains a single level of a single variable (i.e., 500
mb RH, surface T, etc.). Any number of horizontal slabs may be written to single file. The dlabs
in a given file are not necessarily al from the same data source, or al on the same grid or map
projection, but they should all represent data valid at the same time. The order of dabsin thefile
does not matter.

5.7.2 File Naming conventions

Each file contains datafor asingletime. The file names consist of a prefix (possibly denoting the
source of data), followed by a colon, followed by atime-stamp inthe form YYYY-MM-DD_HH.
Regridder uses the file names as discussed below.

For example, analyses from the ON84-formatted data from NCEP for 17 Jun 2002 at 12 UTC may
be written to afile called “ON84:2002-06-17_12"
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5.7.3 File format

The files are written as sequential-access unformatted FORTRAN records. Four records are used
for each horizontal dlab. Thefirst record isaformat version number, currently 3. Thisisintended
to facilitate backward compatibility as the intermediate format is adapted for additional grids.
The second record contains information common to all types of gridded data recognized by
regridder. The

third record contains information specific to the particular grid type represented. Thisrecord var-
ies depending on the grid type. The fourth record is the 2-dimensional slab of data.

-Record 1: IFV
-Record 2: HDATE, XFCST, FIELD, UNITS, DESC, XLVL, NX, NY, IPROJ

if (IPROJ==0) (Cylindrical equidistant projection)
-Record 3: STARTLAT, STARTLON, DELTALAT, DELTALON
if IPROJ==1) (Mercator projection)
-Record 3: STARTLAT,STARTLON, DX, DY, TRUELAT1
if (IPROJ == 3) (Lambert conformal projection)
-Record 3: STARTLAT, STARTLON, DX, DY, XLONC, TRUELAT1, TRUELAT2
if (IPROJ==15) (Polar-stereographic projection)
-Record 3: STARTLAT, STARTLON, DX, DY, XLONC, TRUELAT1

-Record 4: SLAB

where:
integer I IFV : The PREGRID format version number, currently 3
char*24 :: HDATE :Thetime, informat “YYYY-MM-DD_HH:mm:ss ”
real o XFCST :Forecast time (in hours) of the datain the dlab
char*9 :: FIELD :Field name, those with special meaning are described below
char*25 :: UNITS :Units describing the field in the lab
char*46 :: DESC : Text description of thefield
real o XLVL :Pressure-level (Pa) of the data. 200100 Paindicates surface data;
201300 Paindicates sea-level data
integer 1 NX :Slab dimension (number of gridpoints) in the X direction
integer :: NY :Slab dimension (number of gridpoints) intheY direction
integer :: IPROJ :Flag denoting the projection. Recognized values are:
0: Cylindrical Equidistant (regular lat/lon) projection
1. Mercator projection
3: Lambert conformal projection
5: Polar stereographic projection
real o STARTLAT :Starting latitude (degrees north)
real :» STARTLON :Starting longitude (degrees east)
real . DELTALAT :Latitude increment (degrees) for lat/lon grid
real :» DELTALON :Longitude increment (degrees) for lat/lon grid
real . DX :Grid-spacing in x (km at TRUELAT1 (and TRUELAT?2))
real . DY :Grid-spacing iny (kmat TRUELAT1 (and TRUELAT?2))
real : XLONC : Center longitude of the projection
real - TRUELAT1 :Standard latitude used for Mercator, polar stereographic, and Lambert

conformal projections
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real
real

:» TRUELAT?2 :Second standard latitude value used for Lambert conf. projection

 SLAB

: Two-dimensional array (NX,NY) of data

5.7.4 Special field names

The variable FIELD indicates the physical variable in the slab. Certain values of FIELD are rec-
ognized by pregrid and regridder for specific treatment. Slabs identified by an unrecognized val-
ues of FIELD are ssmply interpolated horizontally and written out by regridder. Recognized field

names are:

T *  Air Temperature (K)

U * Grid-relative u-component of the horizontal wind (m s}

v * Grid-relative v-component of the horizontal wind (m s1)

RH *  Relative humidity (%)

HGT *  Geopotential height (GPM)

PMSL *  Sealevel pressure (Pa)

SST or *  Sea-surface Temperature or Skin Temperature (K)

TSEASFC or

SKINTEMP

SNOWCOVR Binary flag for the presence (1.0) / absence (0.0) of snow on the
ground

SOILT010 r  Ground temperature of alayer below ground (K)

SOILT040 r Ground temperature of alayer below ground (K)

SOILT100 r Ground temperature of alayer below ground (K)

SOILT200 r  Ground temperature of alayer below ground (K)

SOILT400 F Ground temperature of alayer below ground (K)

SOILMO010 F Soil moisture of alayer below ground (fraction)

SOILM040 F Soil moisture of alayer below ground (fraction)

SOILM100 F Soil moisture of alayer below ground (fraction)

SOILM200 F Soil moisture of alayer below ground (fraction)

SOILM400 F Soil moisture of alayer below ground (fraction)

SEAICE F Binary flag for the presence (1.0) / absence (0.0) of seaice. The
value should be 0.0 or 1.0. The grib.misc pregrid code makes a
check on SEAICE. If avalue> 0.5, SEAICE is set to 1.0, other-
wise, SEAICE is set to 0.0.

LANDSEA  Binary flag for land (1.0) / water (0.0) masking

SOILHGT F  Terrain elevation of the input data set (not of the MM5 model ter-
rain), in meters

WEASD Water equivalent of accumulated snow depth (kg m™)

SPECHUMD  + Specific Humidity

DEWPT T Dewpoint (K)

DEPR T Dewpoint Depression (K)

VAPP T Vapor Pressure (Pa)

GEOPT T Geopotential (M%<

* Fields absolutely required by regridder.

r Fields used in MM5 only for Noah Land Surface Model.
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#

INTERVAL = 43200 Time interval (seconds) to process.

This is most sanely the same as the time interval for
which the analyses were archived, but you can really
set this to just about anything, and pregrid will
interpolate in time and/or skip over time periods for

your regridding pleasure.

H* 3 H H H W

/
End Of Namelist

Tell the pregrid programs which Vtables to use. Do this only
if you have selected GRIB-formatted input using SRC = GRIB above.
The directories referenced here are relative to REGRID/pregrid/.

The Vtable files specified in VT3D will be applied to the files
specified in the InFiles variable. Similarly, the Vtable files
specified in VTSST, VTSNOW, and VTSOIL will be applied to the files
listed above in InSST, InSNOW, and InSoil, respectively.

HH o3 3 H H o H H H

set VT3D = ( grib.misc/Vtable.NNRP3D )

set VTSST = ( grib.misc/Vtable.NNRPSST )
set VTSNOW ( grib.misc/Vtable.xxxxSNOW )
set VTSOIL ( grib.misc/Vtable.xxxxSOIL )

FHEFHEEEEEEEEEEE S
FHEFHEEEEEEEEEEEEE R S

HH HiH
#H##4# END USER MODIFICATION #H##H###
H##H#H# ##H#H#

HFH## A R R R
R

Therest of the shell performs some file shuffling and linking to put filesin places that the pregrid
programs expect. The shell links the source filesto files of specific names which the pregrid pro-
grams expect. The shell builds afile called “Vtable” from the individual Vtables named by the
user inthe shell. The shell then executes the program, and moves the final output files to the pre-
grid directory.

5.13 The regridder Namelist options

The regridder program is run entirely through the namelist file. The regridder namelist is sepa-
rated into four namelist records.

5.13.1 RECORD1

The first namelist record handles the temporal information required by the regridder program:
basically, when do | start, when do | stop, and how many intermediate steps are to be taken
between those bounding times. This namelist record is identical to that of pregrid. (see pre-
grid.csh, above).
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5.13.2 RECORD2

The second record for regridder deals with information concerning the vertical levels and other
user options. The user defines the top of the analysis and which “new” levels to add to the first-
guess data (through vertical interpolation from the surrounding layers, linear in pressure). Other
options are a SST temperature threshold below which a sea-ice flag will be set (useful if you do
not have asea-icefield in your input dataset; if using LSM or Polar optionsin MM5, do NOT use
this threshold), an an option to select a linear (4-point) interpolation as opposed to a higher-order
interpolation.

&record2
ptop in Pa
new levels in Pa

10000/

97500, 95000, 92500, 90000,
87500, 85000, 82500, 80000,
77500, 75000, 72500, 70000,
67500, 65000, 62500, 60000,
57500, 55000, 52500, 50000,
47500, 45000, 42500, 40000,
37500, 35000, 32500, 30000,
27500, 25000, 22500, 20000,
17500, 15000, 12500, 10000/
-9999,

.FALSE./

sst to ice threshold
linear interpolation

5.13.3 RECORD3

The third record is used to input the pregrid output names to the regridder program. The file
names include the root of the file name (up to but not including the “:”, and may include directory
information). The character string after the “.” is the date, which is internally generated by the
regridder program based on the information provided in RECORD1.

For example, to input thefile“../test/FILE:1996-07-30 _00:00:00", data would be entered as given
below. Multiple files for the same time may be used as input. It istypical for the sea-surface tem-
perature to be defined in a file different than the wind fields, for example. The user appends as
many files names are required on the root_nml line (alimit of 20 is currently enforced).

The optional constants full_name is the name of afile that may have fields which are to be kept
constant through all time periods. This is mostly useful for fields like SST or snow cover which
may frequently be missing from archives. There are aso some specia (and optional) albedo
datasets which have been prepared int the intermediate format, and are best accessed through
constants_full_name.

Theterrain_file_name isthe file name of the output file from the terrain program.

&record3
root
constants full name
terrain file name

r,./test/FILE’ ,
r ,/SST-CONSTANT'
', /terrain’ /

5.13.4 RECORD4

The fourth record controls the print-out in the regridder program. Until something goes wrong,
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keep everything turned off.

&record4
print_ echo = .FALSE.,
print debug = .FALSE.,
print mask = .FALSE.,
print interp = .FALSE.,
print link list store = .FALSE.,
print array store = .FALSE.,
print header = .FALSE.,
print output = .FALSE.,
print file = .FALSE.,
print £77 info = .TRUE. /

5.13.5 RECORD5

The fifth record controls tropical cyclone bogussing scheme. Unless you are dealing with tropical
cyclones or hurricanes, keep this turned off (insert_bogus storm = .FALSE.).

&record5
insert bogus storm = .FALSE.
num storm = 1
latc loc = 36.
lonc loc = -35.
vmax = 50.

/

5.14 REGRID tar File
The regrid.tar file contains the following files and directories:

REGRID/README general information about REGRID
REGRID/CHANGES  description of changes since earlier releases
REGRID/configure.rules Rulesfor make

REGRID/pregrid pregrid directory
REGRID/regridder regridder directory
REGRID/Makefile Makefile to create REGRID executables.

REGRID/regrid.deck batch job deck for NCAR'’s Cray

| would further direct your attention to the directory REGRID/pregrid/Doc/html, which contains
documentation on REGRID in html format. Direct your web browser to REGRID/pregrid/Doc/
html/Documentation_Home.html. The contents of the html documentation is approximately what
isin these tutorial notes, though the organization and details differ.

5.15 Data

Users with NCAR computing accounts have ready access to a variety of gridded meteorological
analyses and forecast products.

Some of the more commonly-used archived analyses include:
NCEP GDAS
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NCEP/NCAR Reanaysis
NCEP EDAS

ECMWF Reanalysis
MRF/AVN “fina analysis’

Users who do not have NCAR computing accounts must find their own ways to get gridded anal-
yses or forecasts. Various real-time analyses and forecasts may be available via anonymous ftp,
for example.

Real-time analyses and forecasts that have been found useful include:

NCEP ETA analysis and forecast
NCEP AVN analysis and forecast
Information on NCEP real-time analyses and forecasts may be found at
http://www.emc.ncep.noaa.gov
and
http://www.emc.ncep.noaa.gov/data

5.15.1 NCEP GDAS

The NCEP GDAS (Global Data Assimilation System) analysis as archived at NCAR is the tradi-
tional option for analyses. Analyses are available every 12 hours. Data are archived on a 2.5
degree x 2.5 degreelat/lon grid. Data are available from the mid 1970’s to recent months (updated
periodically). Through March 1997, dataarein ON84 format. Beginnning in April 1997, dataare
in GRIB format. For more information see http://dss.ucar.edu/datasets/ds082.0 (for the ON84-
formatted data through March 1997) or http://dss.ucar.edu/datasets/ds083.0 (for the GRIB-for-
matted data beginning April 1997).

Peculiarities/Cavesats:

* Northern and southern hemispheres of a given global field are archived as separate fields.
* Snow-cover data are archived sporadically in the ON84 dataset.
e SST arearchived once per day in the ON84 dataset.

5.15.2 NCEP/NCAR Reanalysis

This data set is a global analysis beginning in 1948 using a single analysis system for the entire
dataset. Analyses are available every six hours. Data are archived on a 2.5 x 2.5 degree lat/lon
grid and a gaussian grid (~1.9 degrees lat, 2.5 degrees lon). The data REGRID accesses are in
GRIB format. For further details on the NCEP/NCAR Reanalysis Project, see http://dss.ucar.edu/
pub/reanalysis.

Peculiarities/Cavests:

* Much of the surface data are actually six-hour forecasts.
» Seasurface temperature is not archived. Skin temperature may be used with some caution.
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Be aware that ground temperatures and sea-surface temperatures at coastlines may be unreal -
istic.

5.15.3 NCEP Eta

The NCEP Etaisaregional analysis and forecast for North America.
Peculiarities/Cavests:

» Sea-surface temperature is not archived. Skin temperature may be used with some caution.
Be aware that ground temperatures and sea-surface temperatures at coastlines may be unreal -
istic.

» Thearchived specific humidity is converted to relative humidity by pregrid.

For further information about the Eta archives at NCAR, see http://dss.ucar.edu/pub/gcip.

For further information about real-time Eta analyses and forecasts, including where to find them,
see http://www.emc.ncep.noaa.gov/mmb/research/meso.products.html

5.15.4 NCEP AVN

The NCEP AVN isaglobal analysis and forecast. Products are available in real time from NCEP.

For further information about the real-time AVN analyses and forecasts, see
http://www.emc.ncep.noaa.gov/modelinfo

5.15.5 ECMWF TOGA Global Analysis

The archives at NCAR begin January 1985. Data are archived at 2.5 x 2.5 degree lat/lon grid.
Timesare00 UTC and 12 UTC.

Peculiarities/Cavests:

» Sea-surface temperature is not archived. Skin temperature may be used with some caution.
Be aware that ground temperatures and sea-surface temperatures at coastlines may be unreal -
istic.

» Geopotential must be converted to geopotential height by REGRID. Thus, both geopotential
and geopotential height must be specified in the Vtable.

ECMWEF uses different parameter tables (i.e., GRIB code numbers) than NCEP for many vari-
ables.

Use of thisarchiveisrestricted: NCAR may distribute this datato US scientists, scientists visiting
US organizations, and Canadian scientists affiliated with UCAR member organizations only. This
data must not be used for commercial purposes. ECMWF must be given credit in any publica-
tionsin which thisdataisused. A permission form must be signed and returned to DSS for use of
this data.

For further information about the ECMWF TOGA analysis archives at NCAR, see
http://dss.ucar.edu/datasets/ds111.2.

5.15.6 ECMWF Reanalysis (ERA15)

The ECMWF Reanalysis is a global analysis of 15 years' worth of data. Archives are from Jan
1979 through Dec 1993. Dataare archived on a2.5 x 2.5 degree lat/lon grid, in GRIB format.
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Peculiarities/Cavesats:

» Seasurface temperature is not archived. Skin temperature may be used with some caution.
Be aware that ground temperatures and sea-surface temperatures at coastlines may be unreal-
istic.

» Geopotential must be converted to geopotential height by REGRID. Thus, both geopotential
and geopotential height must be specified in the Vtable.

 ECMWEF uses different parameter tables (i.e., GRIB code numbers) than NCEP for many vari-
ables.

Use of thisarchiveisrestricted: NCAR may distribute this datato US scientists, scientists visiting
US organizations, and Canadian scientists affiliated with UCAR member organizations only. This
data must not be used for commercial purposes. ECMWF must be given credit in any publica-
tionsin which thisdataisused. A permission form must be signed and returned to DSS for use of
this data.

For further information about the ECMWF Reanalysis archives at NCAR, see
http://dss.ucar.edu/pub/reanaysis.html.

5.15.7 ECMWF Reanalysis (ERA40)

The ECMWF Reanalysisis a global analysis of 40 years worth of data. Archives are from Sep
1957 through Aug 2002. Data are archived on a 2.5 x 2.5 degree lat/lon grid, in GRIB format.

Peculiarities/Cavests:

» Sea-surface temperature is not archived. Skin temperature may be used with some caution.
Be aware that ground temperatures and sea-surface temperatures at coastlines may be unreal -
istic.

» Geopotential must be converted to geopotential height by REGRID. Thus, both geopotential
and geopotential height must be specified in the Vtable.

» ECMWEF uses different parameter tables (i.e., GRIB code numbers) than NCEP for many vari-
ables.

* Thesoil dataare availablein levels 0-7, 7-28, 28-100, and 100-255 cm

Use of thisarchiveisrestricted: NCAR may distribute this datato US scientists, scientists visiting
US organizations, and Canadian scientists affiliated with UCAR member organizations only. This
data must not be used for commercial purposes. ECMWF must be given credit in any publica-
tionsin which thisdataisused. A permission form must be signed and returned to DSS for use of
this data.

For further information about the ECMWF Reanalysis archives at NCAR, see
http://dss.ucar.edu/pub/reanaysis.html.

5.15.8 Other data

Daily global SST analysesin GRIB format are available via ftp from NCEP at
ftp://ftpprd.ncep.noaa.gov/pub/emc/mmab/history/sst/rtg_sst_grb_0.5.<yyyymmdd>.

Daily Northern Hemisphere snow-cover analyses in GRIB format are available via ftp from
NCEP at ftp://ftp.ncep.noaa.gov/publ/gcp/sfcflds/oper/live.

Northern and southern hemispheric sea-ice datasets are available in near-real-time through the
National Snow and Ice Data Center. See the REGRID/pregrid/nisslREADME file for details.
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Data are approximately 1/4 degree spacing. A separate pregrid program has been set up to ingest
these data.

Global soil temperature and moisture fields (“AGRMET” dataset) have been graciously provided

by the United States Air Force Weather Agency’s (AFWA) Specialized Models Team. The data

are archived with a1 to 2 month delay, on NCAR’'s MSS:
IMESOUSER/DATASETSAGRMET/AGRMET_<yyyymm>.tar

The files are on the order of 1 Gigabyte of data per month. Global fields every three hours on a

0.5x0.5 degree grid are available. The authors would like to express their appreciation to the Air

Force Weather Agency’s Specialized Models Team for providing the AGRMET data.

Two abedo datasets are available, intended for usein MM5 with the NOAH LSM. The maximum
snow albedo isin file REGRID/regridder/ALMX_FILE. Thisisaglobal, 1.0x1.0 degree dataset,
in REGRID intermediate format. A monthly climatological abedo dataset (without snow) is
available NCAR's MSS, IMESOUSER/DATASETS/'REGRID/MONTHLY_ALBEDO.TAR.gz.
Thisis approximately 15-km global dataset, again, in REGRID intermediate format.
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