August 27, 2019

Overview of the WRF Modeling System:

The building of the WRF modeling system completed by building two separate code packages: WRF and WPS. The primary outcomes of the WRF build are the real.exe and wrf.exe executables. Meanwhile the primary components of the WPS build are the geogrid.exe, ungrib.exe, and real.exe executables. WPS stands for the WRF Preprocessing System. The combination of these five executables represents the beginning to end steps for creating a WRF real-data (not idealized) simulation. The steps and what is achieved in each step are as follows:
1. geogrid.exe: This step defines the model domain and interpolates static terrestrial datasets to the model domain. The output of the geogrid.exe step is the file: geo_em.d01.nc. In RASM, the geo_em.d01.nc files have been defined for the respective RASM domains and these files are not modified. The mapping files used by the coupler are defined by this file and it is imperative that it does not change.
2. ungrib.exe: The ungrib.exe program reads the forcing data (e.g. ERA-Interim) GRIB files and writes the data to a proprietary WPS intermediate binary format used in the metgrid.exe step. It is not required to use ungrib.exe but it is required to have the data in the WPS intermediate format. For example, the NSIDC sea-ice data used for standalone WRF simulations uses a separate Fortran program to go from the NSIDC binary files to WPS intermediate files.
3. metgrid.exe: The last WPS step horizontally interpolates the data from the WPS intermediate files to the WRF domain defined in the geo_em.d01.nc file. The result of the metgrid.exe processing are the met_em.d01 files for the selected range of dates in the namelist.wps file. The met_em.d01 files are netCDF. A key distinction is that metgrid.exe horizontally interpolates to the model domain but it does not do the vertical interpolation.
4. real.exe: The first of the two WRF steps is real.exe and this step is the real-data initialization. It takes the data that has been horizontally interpolated to the model domain in the met_em files and puts it in files that are used by WRF for the real data simulation. It is in the real.exe step that the data is vertically interpolated to the model’s vertical levels. The two basic output files from real.exe are: wrfinput_d01 and wrfbdy_d01. If a nudging is included in the namelist.input settings then the file wrffdda_d01 is produced. If the flag to update the surface fields (SST and sea ice) is included, then the file wrflowbdy_d01 is produced. All of the files produced by real.exe are in netCDF format.
· wrfinput_d01: contains the full 3D initialized fields for a WRF simulation and it is valid for the start_time in the namelist.input file. The wrfinput_d01 file is only needed for the cold start initial time for WRF in any RASM simulation (e.g. 1979-09-01_00 or 1997-09-01_00).
· wrfbdy_d01:  contains the lateral boundary conditions at every update timestep (typically 6hr) for the range of the WRF simulation defined in the namelist.input file. 
· wrffdda_d01: contains the nudging data for the fields to be nudged at every nudging interval. All of these details are defined in the namelist.wps file. This files include full 3D data for the range of the model simulation so it is the largest.
· wrflowbdy_d01: contains the SST and sea ice data at the interval of low-boundary updates. This file is not needed for RASM runs. It is used with WRF standalone simulations.
5. wrf.exe: This is the primary program that completes the 3D atmospheric simulation of WRF going forward in time.

While the programs from the WPS processing are the first steps in a complete WRF simulation, when building the software, it is WRF that needs to be completed first. The reason for this is because WPS uses some of the modules created in the WRF build and that means WRF has to be built prior to WPS.
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Environmental Variables:

There are only a few environmental variables that are WRF system related. The only two that are really required are the NETCDF environmental variable and the netCDF large file support (this one might even be defaulted in current WRF). The others are sometimes included if things are not working without.

· setenv WRF_EM_CORE 1 – explicitly defines to build with the wrf_em dynamical core
· setenv NETCDF /usr/local/netcdf (or wherever you have it stored)
Note: all of the WRF components want both the lib and the include directories 
· setenv WRFIO_NCD_LARGE_FILE_SUPPORT 1 – sets the ability to produce large netCDF files – this is required by RASM.
· setenv MP_STACK_SIZE 64000000
Note: I don’t know the exact value of what this should be set, nor if it needs to be set at all. The WRF documentation says: “OpenMP blows t hrough the stack size, set it large” and this is their selected value.
· setenv OMP_NUM_THREADS n (where n is the number of procs to use) – If you have OpenMP on your system, this is how to specify the number of threads. 
· unlimit

There are additional environmental variables related to the libraries required for GRIB2 support. These variables are specified later in the next section.


Required Libraries:

netCDF:
This is the primary library that is required for WRF/WPS use, excluding the need for GRIB2 support. WRF needs access to the lib and include directories. It is best, and frequently required, that the netCDF build corresponds to the compiler being used to build WRF (e.g. use a netCDF built using the Intel compiler when building WRF with that same Intel compiler). The NETCDF environmental variable is typically set when the module is loaded.

In recent releases/installations of netCDF on HPC system there are times when the netCDF installation is divided between netcdf-c and netcdf-fortran. There have been issues in the past requiring the need to specify include/lib directories for both installations. This is typically realized in a failed build where the output indicate an inability to find an netCDF lib or include file. The work around for this issue is to manually set the paths in the configure.wrf file after the configure step (see below).

GRIB2 support:
There are three libraries (JasPer, PNG, zlib) that are required for GRIB2 support in the ungrib.exe step. (Currently, CFSv2 is using GRIB2.) Some or all of these libraries might be installed, or can be loaded in a module, on the HPC system. If they are available, they may or may not work with the compiler configuration being used for WRF. It might take trial and error with the build process to determine how much effort is required in order to have GRIB2 support working with ungrib.exe. The three libraries below can be installed in a local directory that makes sense for the installation. They can also all be installed into the same build directory (e.g. $BASEDIR/wrf/grib2_libs/).

JasPer:
This is a compression utility for working with the compressed GRIB2 files.
Installation sequence:
wget https://www.ece.uvic.ca/~frodo/jasper/software/jasper-1.900.1.zip
unzip jasper-1.900.1.zip
cd jasper-1.900.1
./configure --prefix=<JASPER INSTALL DIR>
make
make install
cd ..
The environmental variables need to be set for the JasPer build directory:
setenv JASPERLIB <JASPER INSTALL DIR>/lib
setenv JASPERINC <JASPER INSTALL DIR>/include

PNG:
This is another compression utility for working with the compressed GRIB2 files.
Installation sequence:
wget http://prdownloads.sourceforge.net/libpng/libpng-1.6.36.tar.gz
tar -xzf libpng-1.6.36.tar.gz
cd libpng-1.6.36
./configure --prefix=<LIBPNG INSTALL DIR>
make
make install
cd ..

zlib:
Yet one more compression utility for working with the compressed GRIB2 files.
Installation sequence:
wget http://www.zlib.net/zlib-1.2.11.tar.gz
tar -xzf zlib-1.2.11.tar.gz
cd zlib-1.2.11
./configure --prefix=<ZLIB INSTALL DIR>
make
make install
cd ..

The WPS build needs to be able to find the PNG and zlib directories. (It is able to find the JasPer libraries through the JASPERLIB and JASPERINC environmental variables.) This can be done by manually including the lib and include directories by editing the configure.wrf file (see below, after the configure step) or by including the following environmental variables:
setenv LDFLAGS -L$BASEDIR/wrf/grib2_libs/lib
setenv CPPFLAGS -I$BASEDIR/wrf/grib2_libs/include


WRF Build:

· Download the WRF source code:
wget http://www2.mmm.ucar.edu/wrf/src/WRFV3.7.1.TAR.gz

· Untar/gzip the WRF source code:
tar -xzf WRFV3.7.1.TAR.gz

· Rename the directory specify the installation and build. The following is an example:
mv WRFV3 WRFV3.7.1_intel.dmpar

· Run configure and select the computer system, compiler, and choose dmpar for threading:
./configure
<select option: 24. INTEL (ifort/icc): SGI MPT (dmpar)>
<select option: 50. INTEL (ftn/icc): CRAY XC (dmpar)>
(choose based on HPC system)

· Verify the libraries are correctly specified in the configure.wrf file. (Note: at this stage you can also try building and seeing where it fails and determine library settings from that output.) For example, LIB_EXTERNAL needs to include the lib path for netCDF. If the netCDF installation is split into netcdf-c and netcdf-fortran the paths need to be specified for the respective libraries. The following is an example of what was modified for thunder in 2016:
LIB_EXTERNAL    = \
  -L$(WRF_SRC_ROOT_DIR)/external/io_netcdf -lwrfio_nf -L/app/COST/netcdf-fortran/4.4.2/intel/lib -lnetcdff -L/app/COST/netcdf-c/4.3.3.1/intel/lib -lnetcdf

· Build the WRF software:
./clean
./compile em_real >& compile.log

· Verify that the build was successful:
ls main/*.exe
There should be four .exe files: ndown.exe, real. exe, tc.exe, and wrf.exe

· If the build fails, search through the compile.log for “Error” statements indicates problems with the build process.

· If needing to rebuild the software there are two options:
./clean		-Removes all object files (except those in the external/ directory)
./clean -a	-Removes all built files in all directories including configure.wrf. Necessary if you make any mistake in the process or have edited configure.wrf or the Registry files.


WPS Build:

· Download the WPS source code:
wget http://www2.mmm.ucar.edu/wrf/src/WPSV3.7.1.TAR.gz

· Untar/gzip the WRF source code:
tar -xzf WPSV3.7.1.TAR.gz

· Rename the directory specify the installation and build. The following is an example:
mv WPS WPSV3.7.1_intel.dmpar

· WPS uses the I/O libraries from WRF. It is expected to find the WRF build at: ../WRFV3. However, since we have renamed the WRFV3 directory to be more informative as to the build information, the new WRF directory must be specified. There are two ways:
Set an environmental variable to the WRFV3 path:
	setenv WRF_DIR $BASEDIR/wrf/WRFV3.7.1_intel.dmpar
Or edit the configure.wps file after the next step configuring the build:
	WRF_DIR = $BASEDIR/wrf/WRFV3.7.1_intel.dmpar

· Run configure and select the computer system, compiler, and choose dmpar for threading:
./configure
<select option: 23. Intel compiler, SGI MPT    (dmpar)>
<select option: 39. Cray XC CLE/Linux x86_64, Intel compiler (dmpar)>
Note: this implicitly includes GRIB2
(Choose based on HPC system)

· Verify the libraries are correctly specified in the configure.wps file. (Note: at this stage you can also try building and seeing where it fails and determine library settings from that output.) The key settings to be concerned with in this review are that the values for COMPRESSION_LIBS and COMPRESSION_INC include the paths to the include and lib directories for the JasPer, PNG, and zlib libraries.

· Build the WPS software:
./clean
./compile wps >& compile.log

· Verify that the build was successful:
ls *.exe
There should be three .exe files: geogrid.exe, ungrib.exe, and metgrid.exe
It may be helpful to verify that the links are not zero-sided and check the file size in the src directories.
ls -ls geogrid/src/geogrid.exe
ls -ls ungrib/src/ungrib.exe
ls -ls metgrid/src/metgrid.exe

· If the build fails, search through the compile.log for “Error” statements indicates problems with the build process. If geogrid.exe and metgrid.exe built but not ungrib.exe then it is likely an error related to the compression libraries.


Additional Documentation:

· Edited WRF User’s Guide with only the documentation on building WRF and WPS:
wrf_arw-users_guide-v3.7-wrf_wps_build.pdf
 
· WRF Online Compiling Tutorial
http://www2.mmm.ucar.edu/wrf/OnLineTutorial/compilation_tutorial.php
Provides step-by-step instructions through the installation process including tests to run to ensure library compatibility and additional environmental variables that can be set to ensure a successful build (e.g. setenv CC gcc). 



