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Foreword 
 

This Userôs Guide describes the Gridpoint Statistical Interpolation (GSI) Version 1.0 data 

assimilation system, released in September 25, 2009. As the GSI is developing further, this 

document will be continuously enhanced and updated to match the released version. 

 

For the latest version of this document, please visit the GSI Userôs Website at 

http://www.dtcenter.org/com-GSI/users/index.php. 

 

Please send feedback to gsi_help@ucar.edu. 

 

Contributors to this guide: 

Ming Hu, Hui Shao, John Derber, Russ Treadon, Mike Lueken, Wan-Shu Wu, Steve 

Weygandt, Dezso Devenyi, Zhiquan Liu, Kathryn Crosby

http://www.dtcenter.org/com-GSI/users/index.php
mailto:gsi_help@ucar.edu
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Chapter 1: Overview 

 

The Gridpoint Statistical Interpolation (GSI) system is a three-dimensional variational (3D-

Var) data assimilation (DA) system. It is used to blend a large variety of atmospheric 

observations with background fields to obtain the initial fields for either global or regional 

weather prediction models. It was initially developed by the National Oceanic and 

Atmospheric Administration (NOAA) National Centers for Environmental Prediction 

(NCEP) as a next generation global/regional analysis system based on the then operational 

Spectral Statistical Interpolation (SSI) analysis system and the then operational grid-space 

regional analysis system at NOAA/NCEP. The system was adopted by the National 

Aeronautics and Space Administration/Global Modeling and Assimilation Office (NASA/ 

GMAO) as their primary atmospheric analysis system and they have been contributing to 

the development of the GSI.  Instead of being constructed in spectral space like the SSI, the 

GSI is constructed in physical space and is designed to be a flexible, state-of-art system 

that is efficient on available parallel computing platforms. After initial development, the 

GSI analysis system is evolving. It became operational as the core of the North American 

Data Assimilation System (NDAS) in June 2006 and the Global Data Assimilation System 

(GDAS) in May 2007 at NOAA. The GSI is also being used in other NCEP operational 

systems, such as the real-time mesoscale analysis (RTMA) and Hurricane WRF (HWRF). 

 

Lately, applications of the GSI DA system are broadening. It will be part of the Rapid 

Refresh (RR), which is slated to replace the Rapid Update Cycle (RUC) run at NCEP in 

2010.  In 2008, the Air Force Weather Agency (AFWA) decided to transition from its 

current operational DA system to the GSI for its high-resolution, multi-theater, and world-

wide NWP by the end of 2010 or the beginning of 2011.  Hence, the number of groups 

involved in GSI development has expanded from the central development group located in 

Maryland (NCEP and NASA) to include two development groups located in Boulder, 

Colorado (NOAA/Earth System Research Laboratory/Global Systems Division and 

National Center for Atmospheric Research/Earth & Sun Systems Laboratory/Mesoscale 

and Microscale Meteorology Division). 

 

The Developmental Testbed Center (DTC) is currently maintaining and supporting a 

community version of the GSI system that includes the various capabilities developed by 

all the GSI developers. To achieve this goal, the GSI system has been ported to and tested 

on multiple platforms by the DTC from the NCEP GSI repository. The DTC also prepared 

the documents to help researchers to use GSI and provides support to the research 

community on GSI related issues by working closely with the GSI developers. It is planned 

that changes in the GSI DTC repository will have a path back to the NCEP GSI repository.
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Chapter 2: Software Installation 

2.1 Introduction 

This chapter describes the steps of compiling GSI and its libraries using a compiling script. 

Section 2 introduces the components of the GSI system and how to obtain them. Section 3 

outlines the general steps for compiling GSI and its libraries. 

 

GSI is the operational analysis system at NOAA, which was developed on an IBM 

supercomputer at NOAA/NCEP. The GSI code links to several external libraries and this 

can complicate installation on other platforms. For the time being GSI has been 

successfully ported to several Linux cluster supercomputers and single processor Linux 

workstation. 

 

2.2 Obtaining GSI Source Code 

 

Users can download the GSI code and its documents online from the DTC website for the 

community GSI users: http://www.dtcenter.org/com-GSI/users/downloads.  

 

The GSI system includes GSI code, external libraries, fixed files, and run scripts. The 

following is a list of the system components and the content for each directory: 

 

Directory Name Content 

src/main GSI source code and makefiles 

Scripts Sample scripts to run GSI code 

Fix Fixed input files required by GSI, such as background error 

covariances, observation error tables, CRTM coefficients. 

Source code for external libraries (under src/libs. except WRF) 

Bacio NCEP byte-addressable i/o module 

Bufr NCEP BUFR library 

Crtm  JCSDA community radiative transfer model 

Gfsio Unformatted Fortran record for GFS IO 

Mpeu MPI for Linux platforms 

Sfcio NCEP GFS surface file i/o module 

Sigio NCEP GFS atmospheric file i/o module 

Sp NCEP spectral - grid transforms 

w3 NCEP W3 library (date/time manipulation, GRIB) 

WRF IO API libraries are used by GSI 

 

2.3 Compiling GSI and Libraries 

 

The DTC built a utility to install GSI and its libraries automatically on multiple platforms. 

This section introduces how to use this script to compile GSI. As a reference for the users 

who need to install GSI on platforms not supported currently, appendix A introduces how 

http://www.dtcenter.org/com-GSI/users/downloads
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to use multiple steps to manually change makefiles to compile the GSI system on the 

platform that not supported now.  

 

1. System Requirements 

 

To compile GSI, the following system libraries are required: 

¶ FORTRAN 90/95 compiler 

¶ C compiler 

¶ Perl 

¶ netCDF  

 

2. Download source code 

 

The GSI source code can be obtained from:   

http://www.dtcenter.org/com-GSI/users/downloads/index.php 

 

For new user, please register and download. For returning user, please enter your registered 

email and then download.  

 

The GSI version 1.0 system, including the GSI source code, libraries, and the fixed files, 

are collected in tar file:  
 

 comGSI_v1.tar.gz  
 

After unzip and untar,  
 

tar  ïzxvf  comGSI_v1.tar.gz 
 

you will see a directory  
 

comGSI_v1/  
 

which is the top-level GSI directory. Its structure is listed in the following table: 

 

 

 

http://www.dtcenter.org/com-GSI/users/downloads/index.php
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3.  Set environment   

 

If the netCDF library is not in the standard /usr/local directory then set the NETCDF 

environment variable: 

 

Example:  setenv NETCDF /usr/local/netcdf-pgi  

 

As a general rule for LINUX systems, make sure the netCDF  library is installed using the 

same compiler (PGI, Intel, g95é) that will be used to compile GSI. 

 

GSI uses the WRF I/O API libraries for file input and output. These I/O libraries are built 

when WRF is installed. Hence, GSI needs to have WRF compiled and the WRF directory 

specified as follows before GSI is compiled: 

 

Example:  setenv WRF_DIR /home/myusername/WRFV3  

 

4. Configure and Compile 

 

To create a GSI configuration file for your computer, type: 

 

./configure 
 

This script checks the system hardware and software (mostly netCDF), and then offers the 

user choices for configuring GSI: 

 
Choices for 32 - bit LINUX operated  machines are:  

  1.  Linux i486 i586 i686, PGI compiler   

  2.  Linux i486 i586 i686, Intel compiler       

  3.  Linux i486 i586 i686, gfortran compiler   

Choices for IBM machines are:  

  1.  AIX xlf compiler with xlc   

 

The ./configure command will create a file called configure.gsi. This file contains 

compilation options, rules, etc. specific to your computer and can be edited to change 

compilation options, if desired. At this time, the IBM, Linux PGI (7) and Linux Intel (10.0) 

options are well tested.  Additions and updates for other platforms will be released when 

available. 

 

The configure.gsi file is built from three pieces within the arch/ directory as follows: 

 

¶ preamble: uniform requirements for the code, such as word size, etc. 

¶ configure.defaults: selection of compilers and options. 

Users can edit this file if a change to the compilation options or library locations 

is needed. Also, it can be edited to add a new compiliation option if needed. 

¶ postamble: standard compilation (ñmakeò) rules and dependencies. 
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In csh/tcsh, to compile the GSI, type the following command: 

 

./compile >& compile_gsi.log 
   

To get help about compilation, type:  

 

compile -h 

 

If the compilation is successful, it will create one executable under run/ :  

 

gsi.exe  
 

5. Clean Compilation   

 

To remove all object files and executables, type: 

 

clean  
 

To remove all built files, including configure.gsi, type: 

 

clean  ïa 
 

The clean command is recommended if compilation fails or configuration file is changed.
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Chapter 3: Running GSI 

 

This chapter first discusses the data needed to run GSI and possible sources for getting 

these data. Then, the detailed explanations of a sample run script and a GSI namelist, as 

well as samples of GSI products after a successful GSI run, are provided.  

3.1 Data Needed 

To run a GSI analysis, the following three types of datasets must be ready: 

 

¶ Background or first guess 

 

As with any other data analysis system, the background may come from a model 

forecast conducted separately or in a previous cycle. The following is a list of 

backgrounds that can be used by the released GSI code:  

 

a)  WRF NMM input field in binary format 

b)  WRF NMM input field in netcdf format 

c)  WRF ARW input field in binary format 

d)  WRF ARW input field in netcdf format 

e)  GFS input field in binary format 

f)  GMAO global model input field in binary format 

 

 This version of GSI is based on the global operational GSI code (Q1FY09) at 

NOAA. It is now mainly supported by the DTC for applications with regional 

models like WRF NMM and ARW. So, only regional background files (a-d)  have 

been tested on multiple platforms: 

 

1. Background a)-d) were tested on IBM 

2. ARW netcdf (d) and NMM netcdf (b) were tested on Linux 

 

¶ Observations 

 

GSI can analyze many types of observational data, which include conventional data, 

AIRS, IASI, GSPRO (bending angle or refractivity), SBUV/2 ozone, GOME ozone, 

radar reflectivity, GOES sounder, GOES imager, AVHRR. They all are saved in the 

BUFR format (with NCEP specified features). Here is a list of default observation 

file names used in GSI and the corresponding observations included in the files:  

 
GSI Name  Content Example file from operation 

prepbufr Conventional observations, including ps, t, q, 

pw, uv, spd, dw, sst, from observation 

platforms such as METAR, sounding, et cl. 

gdas1.t12z.prepbufr 

amsuabufr AMUS-A radiances (brightness 

temperatures) same for other radiance files 

from satellite NOAA-16, 17,18, and metop-a 

gdas1.t12z.1bamua.tm00.bufr_d 
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amsubbufr AMUS-B observation from Satellite NOAA-

15, 16,17 

gdas1.t12z.1bamub.tm00.bufr_d 

radarbufr Radar radial velocity Level 2.5 ndas1.t12z. radwnd. tm12.bufr_d 

gpsrobufr gps_ref' gdas1.t12z.gpsro.tm00.bufr_d 

ssmirrbufr pcp_ssmi gdas1.t12z.spssmi.tm00.bufr_d 

tmirrbufr pcp_tmi gdas1.t12z.sptrmm.tm00.bufr_d 

sbuvbufr sbuv2 observation from  satellite  NOAA16, 

17,  18 

gdas1.t12z.osbuv8.tm00.bufr_d 

hirs2bufr hirs2 observation from satellite NOAA14 gdas1.t12z.1bhrs2.tm00.bufr_d 

hirs3bufr hirs3 observation from satellite NOAA16,  

17 

gdas1.t12z.1bhrs3.tm00.bufr_d 

hirs4bufr hirs4 observation from satellite NOAA 18 

and  metop-a 

gdas1.t12z.1bhrs4.tm00.bufr_d 

airsbufr Airs observation from satellite AQUA gdas1.t12z.airsev.tm00.bufr_d 

msubufr Msu observation from satgellite NOAA 14  gdas1.t12z.1bmsu.tm00.bufr_d 

airsbufr Amsua and AIRS radiances from satellite 

AQUA  

gdas1.t12z.airsev.tm00.bufr_d 

mhsbufr Microwave Humidity Sounder observation 

from NOAA 18 and METOP-A  

gdas1.t12z.1bmhs.tm00.bufr_d 

ssmitbufr Ssmi observation from satellite  f13  f14  f15 gdas1.t12z.ssmit.tm00.bufr_d 

amsrebufr AMSR-E radiance  from satellite AQUA gdas1.t12z.amsre.tm00.bufr_d 

ssmisbufr SSMIS radiances from satellite  f16 gdas1.t12z.ssmis.tm00.bufr_d 

gsnd1bufr Observations sndrd1, sndrd2, sndrd3 sndrd4 

from satellite GOES 11, 12, 13. 

gdas1.t12z.goesfv.tm00.bufr_d 

l2rwbufr NEXRAD data Level 2 Ndas.t12z.nexrad. tm12.bufr_d 

gsndrbufr Sndr observation  from satellite  GOES11,  

12 

gdas1.t12z.?????.tm00.bufr_d 

gimgrbufr goes_img observation from satellite  GOES 

11, 12 

gdas1.t12z.?????.tm00.bufr_d 

 

Remark: because the current regional models donôt have ozone as a prognostic 

variable, ozone data are not assimilated at regional scale. 

 

GSI can be run without any observations. You can do so to see how the dynamical 

constraint or the moisture constraint modifies the first guess (background) field. 

GSI can also be run with single observation mode, which does not require a BUFR 

observation file and users can specify observation information in the namelist 

section SINGLEOB_TEST (see Section 4.1 for details). The more data files are 

used, the more new information will be added through the GSI analysis. 

 

¶ Fixed file (statistics and control files) 

 

The GSI system has a subdirectory fix/, which contains statistic and control files 

that are also needed in a GSI analysis. Here is a list of fixed file names in the GSI 

code, corresponding examples in the operational NAM, and the content of the files:  
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File name in GSI Example files used by NAM  Content  

berror_stats nam_nmmstat_na background error covariance  

errtable nam_errtable.r3dv Observation error table 

Observation data control file (more detailed explanation in Section 3.5) 

convinfo nam_regional_convinfo.txt Conventional observation 

information file 

satinfo nam_regional_satinfo.txt satellite channel info file 

pcpinfo nam_global_pcpinfo.txt precipitation rate observation 

info file 

ozinfo nam_global_ozinfo.txt ozone observation information 

file 

mesonetuselist nam_mesonet_uselist.txt  

Bias correction used by radiance analysis 

satbias_angle nam_global_satangbias.txt satellite scan angle dependent 

bias correction file 

satbias_in ndas.t06z.satbias.tm03 satellite variational bias 

correction coefficient file 

Radiance coefficient used by CRTM 

EmisCoeff.bin EmisCoeff.bin IR surface emissivity 

coefficient file 

AerosolCoeff.bin AerosolCoeff.bin Aerosol coefficients 

CloudCoeff.bin CloudCoeff.bin Cloud scattering and 

emission coefficients 

${satsen}.SpcCoeff.bin ${satsen}.SpcCoeff.bin Sensor spectral response 

characteristics 

${satsen}.TauCoeff.bin ${satsen}.TauCoeff.bin Transmittance coefficients 

 

For each constant file used in GSI, there may be several optional files in fix/ 

directory. For example, for the background error covariance file, both 

nam_nmmstat_na (which is from the NAM system) and regional_glb_berror.f77 

(which is from the global model forecast) can be used. 

 

3.2 Observations Available for Community Use 

To help locate the necessary data to be used for GSI analyses, a collection of data sources 

is listed with a brief discussion of the observation data format. 

 

¶ Data Sources  

There are several sources to get real-time and archived atmospheric observations and 

model forecasts: 

1) The NCAR CISL Research Data Archive (RDA): 

http://dss.ucar.edu/ 

2) Unidata Program 

http://www.unidata.ucar.edu/data/ 

http://dss.ucar.edu/
http://www.unidata.ucar.edu/data/
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3) National Environmental Satellite, Data, and Information Service (NESDIS) 

http://www.nesdis.noaa.gov/ 

4) National Climatic Data Center 

http://www.ncdc.noaa.gov/oa/ncdc.html 

5) NCEP public server: 

http://www.emc.ncep.noaa.gov/data/ 

6) MADIS Surface Data 

http://www-frd.fsl.noaa.gov/mesonet/ 

7) NCAR Mass Storage System (MSS):  

Real-time and archived observation data available to users who can access it.  

8) GSD Mass Storage System to people who can access it. 

 

¶ Data in  BUFR format 

The GSI expects observations to be encoded in BUFR, the WMO convention for 

observation data. The PREPBUFR file is a collection of various observation types into a 

single file.  The observations contained in the PREPBUFR file, have been subjected to 

quality control procedures and quality flags set in response to decisions made. Users can 

obtain BUFR files from the following sources: 

1) RDA (source 1): NCEP ADP Global Upper Air and Surface (PREPBUFR) 

Observations, daily, April 2008 ï Continuing 

2) NCEP ftp data site (source 5): observational files for GFS and NAM analysis (real 

time only) 

3) NCAR MSS: radiance data saved in BUFR form.  

4) GSD Mass Storage System 

 

¶ Data in other formats 

Observation data in forms other than BUFR must be converted to BUFR before they can be 

used in the GSI. The following is a list of information sources from which users can learn 

how to encode BUFR. 

 

Introduction and examples of how to decode and encode BUFR from the NCEP 

website: 

http://www.nco.ncep.noaa.gov/sib/decoders/BUFRLIB/ 

BUFR lib is also included in this website. 

 

PREPBUFR document at NCEP: 

http://www.emc.ncep.noaa.gov/mmb/data_processing/prepbufr.doc/ 

 

Observation data processing at NCEP: 

http://www.emc.ncep.noaa.gov/mmb/data_processing/data_processing/ 

 

BUFR document: 

http://dss.ucar.edu/docs/formats/bufr/ 

 

Since the data from these sources may not be quality controlled (QC) like PREPBUFR data 

from NCEP, it is suggested that users perform their own QCs either before encoding 

http://www.nesdis.noaa.gov/
http://www.ncdc.noaa.gov/oa/ncdc.html
http://www.emc.ncep.noaa.gov/data/
http://www-frd.fsl.noaa.gov/mesonet/
http://www.nco.ncep.noaa.gov/sib/decoders/BUFRLIB/
http://www.emc.ncep.noaa.gov/mmb/data_processing/prepbufr.doc/
http://www.emc.ncep.noaa.gov/mmb/data_processing/data_processing/
http://dss.ucar.edu/docs/formats/bufr/
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observation data into BUFR or within GSI (The QC procedures in GSI are briefly 

described in Section 7.1.2). Whether QC is done external or internal to GSI depends on the 

nature of the data and the type of QC. Also users are suggested to carefully check their 

analysis results for any possible impact from bad data.  

3.3 Script to Run GSI 

A run script for GSI creates an environment for GSI executable to perform an analysis. A 

typical GSI run script includes the following steps: 

¶ Ask for computer resources to run GSI 

¶ Set environmental variables for the machine 

¶ Set experimental variables (such as experiment name, analysis time, background, 

and observation) 

¶ Check the definitions of required variables 

¶ Generate a run directory for GSI  (sometime called working or temporary directory) 

¶ Copy GSI executable to the run directory 

¶ Copy background file to the run directory 

¶ Copy or link observations to the run directory 

¶ Copy fixed files (statistic, control, and coefficient files) to the run directory 

¶ Generate namelist for GSI 

¶ Run the GSI executable 

¶ Save the GSI analysis results 

 

Usually, a user needs to modify a small part of the script to fit the specific computer and 

data environment that the user has. Here we provide a sample script that was tested on 

several platforms such as Linux cluster, IBM supercomputer, and Linux workstation. Users 

are suggested to start with this script with a computer option similar to the one available to 

them. 

 

Descriptions of the sample script to run GSI 

 

This sample script was tailored for three specific machines:  

IBM supercomputer (BLUEFIRE) 

Linux clusters (LNXC) 

Linux workstation (LINDEN) 

 

Listed below is the script (Courier New ) with explanations on each function block before 

the block: 

 
#!/bin/ksh  

 

Variable machine decides which machine we are running GSI. Please note that these 

machine names represent the three most used computer environments listed at the 

beginning of this section, and only one machine name is needed here: 
 

machine=BLUEFIRE  

machine=LINDEN  

machine= LNXC 
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The following is a batch job and computer system resource management section. It 

required by supercomputers to locate computer resources for the job such as processors and 

wall time. Please check with your system administrator for your computer system. Please 

note you can use any number of processor to run GSI (for example 12 here), but using 

more than number_of_levels times number_of_variables will not scale well. 

 

   1) IBM (BLUEEFIRE, Load Sharing Facility) 
 

# NOTE:  To ensure reproducible results, must use same number of  

#        MPI tasks AND nodes for each run.  blocking =unlimited  

#        leads to round  off differences in mpi_allreduce.  

 

## Below are LoadLeveler (IBM queueing system) commands  

#BSUB - P ????????           # account number  

#BSUB - a poe                # at NCAR: bluevista  

#BSUB - x                    # exlusi ve use of node (not_shared)  

#BSUB - n   12               # number of total tasks  

#BSUB - R "span[ptile=2]"    # how many tasks per node (up to 8)  

#BSUB - J gsi                # job name  

#BSUB - o gsi.out            # output filename (%J to add job id)  

#BSUB - e gsi.err            # error filename  

#BSUB - W 00:02               # wall time  

#BSUB - q regular            # queue  

   2) Linux Cluster (Portable Batch System) 
#$ - S /bin/ksh  

#$ - N GSI_test  

#$ - cwd 

#$ - r y  

#$ - pe comp 64  

#$ - l h_rt=0:20:00  

#$ - A ??????  

   3) Linux workstation (LINDEN, donôt need this section.) 
 

The following section is to set up UNIX or LINUX environment variables. Please check 

with your system administrator to setup the variables for your computer system. Please 

note these variables can significantly impact the run efficiency and running results. Also 

we give three options here as example: 1) BLUEFIRE: (AIX), 2) LNXC (Linux, ifort 

compiled code), 3) default, Linux workstation (pgi compiled code). 
 

if [ ${machine} = BLUEFIRE ] ; then  

set - x 

 

# Set environment variables for NCEP IBM  

export MP_SHARED_MEMORY=yes 

export MEMORY_AFFINITY=MCM 

export BIND_TASKS=yes  

 

# Set environment variables for threads  

export SPINLOOPTIME=10000  

export YIELDLOOPTIME=40000  

export AIXTHREAD_SCOPE=S  

export MALLOCMULTIHEA P=true  

export XLSMPOPTS="parthds=1:spins=0:yields=0:stack=128000000"  
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# Set environment variables for user preferences  

export XLFRTEOPTS="nlwidth=80"  

export MP_LABELIO=yes  

 

elif [ ${machine} = LNXC ] ; then  

# Set endian conversion options for use with Inte l compilers  

  export F_UFMTENDIAN="big;little:10,13,15,66"  

  export GMPIENVVAR=F_UFMTENDIAN 

 

 export MV2_ON_DEMAND_THRESHOLD=256 

 

else  

 export MV2_ON_DEMAND_THRESHOLD=256 

fi  

 

The following section is to set up analysis case related variables needed by GSI, such as 

analysis time, working directory, background and observation files, location of fixed files,  

GSI executable file, and the option of background error covariance. The background file 

should have consistent time with that in observation file. 
# 

#### ###########################################################  

# set up path and file that need for GSI analysis  

# 

# analysis time  (YYYYMMDDHH)  

  ANAL_TIME=2008051112  

# working direct ory, where GSI runs  

  WORK_ROOT=/d1/mhu/gsi/case  

 

# path and name of backgr ound file  

  BK_FILE=/d1/mhu/gsi/case/2008051112/bkARW/wrfout_d01_2008 - 05-

11_12:00:00  

# path of observations  

  OBS_ROOT=/d1/mhu/gsi/case  

  

PREPBUFR=/d1/mhu/gsi/tutorialcases/data/newgblav.gdas1.t12z.prepbuf

r.nr  

# path of fix files  

  FIX_ROOT=/home/mhu/GSI/ GSI_trunk_10_Q1FY09/fix  

 

# path and name of the gsi executable  

  GSI_EXE=/home/mhu/GSI/GSI_trunk_10_Q1FY09/sorc/global_gsi  

 

# which background error covariance and parameter will be used 

(GLOBAL or NAM)  

  bkcv_option=NAM  

  bkcv_option=GLOBAL  

 

 

The following section is to set up mpi related variables, such as processor number:  
# 

###################################################################  

# Set up running environment  

  echo ${machine}  

# 

# processor number used for GSI analysis  

if [ ${machine} = LNXC ] ; then  
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  GSIPROC=64 

else  

  GSIPROC=1 

fi  

 

# mpi  

if [ ${machine} = LNXC ] ; then  

  MPIRUN=mpirun.smart  

else  

  MPIRUN=mpirun  

fi  

 

The following section is to check if all variables that are needed for a successful GSI run 

are properly defined. These variables should be defined in previous part of this script.  
 

# 

###################################################################  

# Check GSI needed environment variables are defined and exist  

# 

  

# Make sure ANAL_TIME is defined and in the correct format  

if [ ! "${ANAL_TIME}" ]; then  

  echo "ERROR: \ $ANAL_TIME is not defined!"  

  exit 1  

fi  

 

# Make sure WORK_ROOT is defined and exists  

if [ ! "${WORK_ROOT}" ]; then  

  echo "ERROR: \ $WORK_ROOT is not defined!"  

  exit 1  

fi  

if [ ! - d "${WORK_ROOT}" ]; then  

  echo "c reate WORK_ROOT directory "  

  mkdir ${WORK_ROOT}  

fi  

 

# Make sure the background file exists  

if [ ! - r "${BK_FILE}" ]; then  

  echo "ERROR: ${BK_FILE} does not exist!"  

  exit 1  

fi  

 

# Make sure OBS_ROOT is defined and exists  

if [ ! "${OBS_ROOT}" ]; then  

  ech o "ERROR: \ $OBS_ROOT is not defined!"  

  exit 1  

fi  

if [ ! - d "${OBS_ROOT}" ]; then  

  echo "ERROR: OBS_ROOT directory '${OBS_ROOT}' does not exist!"  

  exit 1  

fi  

 

# Set the path to the GSI static files  

if [ ! "${FIX_ROOT}" ]; then  

  echo "ERROR: \ $FIX_ROOT is  not defined!"  

  exit 1  
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fi  

if [ ! - d "${FIX_ROOT}" ]; then  

  echo "ERROR: fix directory '${FIX_ROOT}' does not exist!"  

  exit 1  

fi  

 

# Make sure the GSI executable exists  

if [ ! - x "${GSI_EXE}" ]; then  

  echo "ERROR: ${GSI_EXE} does not exist!"  

  exit 1  

fi  

 

# Check to make sure the number of processors for running GSI was 

specified  

if [ - z "${GSIPROC}" ]; then  

  echo "ERROR: The variable $GSIPROC must be set to contain the 

number of processors to run GSI"  

  exit 1  

fi  

 

Create a working directory (workdir)  in which GSI will run. Its space should be large 

enough to hold all files during a GSI analysis run. This directory will be cleaned before 

each run. So, make sure to save all files that you need from the last run before starting a 

new run.  
# 

################ ###################################################  

# Create the ram work directory and cd into it  

  workdir=${WORK_ROOT}/gsiprd  

  rm - rf ${workdir}  

  mkdir - p ${workdir}  

  cd ${workdir}  

  echo ${workdir}  

 

After creating a working directory, copy the GSI executable, background, observation, and 

fixed files into the working directory.  
# 

###################################################################  

# Save a copy of the GSI executable in the workdir  

  cp ${GSI_EXE} gsi.exe  

 

Note: Copy the background file to the working directory as wrf_in out and make a 

second copy to save the original background. wrf_inout  will be overwritten by GSI 

to save analysis result. 
 

# Bring over background field  

#(it's modified by GSI so we can't link to it)  

cp ${BK_FILE} ./wrf _inout  

 

Note: You can link observation files to the working directory because GSI will not 

overwrite these files. The possible observations to be analyzed in GSI can be found 

in dfile of the GSI namelist section OBS_INPUT in this example script. Most of 

conventional observations are in one single file named prepbufr , while radiance 
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data are in separate files based on satellite instruments, such as AMUA or HIRS. 

All these observation files must be linked to GSI recognized file names in dfile  
 

# Link to the prepbufr data  

ln - s ${PREPBUFR} ./prepbufr  

 

# create an empty file for the radiance data  that are not available 

# (linux system only)  

touch amsuabufr  

touch amsubbufr  

touch hirs3bufr  

touch hirs4bufr  

touch mhsbufr  

touch   airsbufr  

touch   tmibufr  

touch   sbu vbufr  

touch   amsrebufr  

touch   ssmibufr  

touch   ssmisbufr  

touch   ssmitbufr  

touch   l2rwbufr  

touch   gpsbufr  

touch   gimgrbufr  

touch   hirs2bufr  

touch   gsndrbufr  

touch   gsnd1bufr  

 

The following section is to copy constant files from the fix/ directory. Please check Section 

3.1 for the meaning of each fixed file. Also for background error covariance, observation 

error, and data information files, we provide two sets of fixed files here, one set is based on 

GFS statistics and another is based on NAM statistics 
# 

###################################################################  

# Set fixed files  

#  berror   = forecast model background error statistics  

#  specoef  = CRTM spectral coefficients  

#  trncoef  = CRTM transmittance coefficients  

#  emiscoef = CRTM coefficients for IR sea surface emissivity model  

#  aerocoef = CRTM coefficients for aerosol effects  

#  cldcoef  = CRTM coefficients for cloud effects  

#  satinfo  = text file with information about assimilation of brightness 

temperatures  

#  satangl  = angl e dependent bias correction file (fixed in time)  

#  pcpinfo  = text file with information about assimilation of 

precipitation  rates  

#  ozinfo   = text file with information about assimilation of ozone data  

#  errtable = text file with obs error for convent ional data (regional 

only)  

#  convinfo = text file with information about assimilation of 

conventional data  

#  bufrtable= text file ONLY needed for single obs test 

(oneobstest=.true.)  

#  bftab_sst= bufr table for sst ONLY needed for sst retrieval 

(retrieva l=.true.)  

 

if [ ${bkcv_option} = GLOBAL ] ; then  

  echo ' Use global background error covariance'  
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  BERROR=${FIX_ROOT}/nam_regional_glb_berror.f77  

  SATANGL=${FIX_ROOT}/global_satangbias.txt  

  SATINFO=${FIX_ROOT}/global_satinfo.txt  

  OBERROR=${FIX_ROOT}/pr epobs_errtable.global  

  CONVINFO=${FIX_ROOT}/global_convinfo.txt  

  OZINFO=${FIX_ROOT}/global_ozinfo.txt  

  PCPINFO=${FIX_ROOT}/global_pcpinfo.txt  

else  

  echo ' Use NAM background error covariance'  

  SATANGL=${FIX_ROOT}/nam_global_satangbias.txt  

  SATINFO=${ FIX_ROOT}/nam_regional_satinfo.txt  

  BERROR=${FIX_ROOT}/nam_nmmstat_na  

  OBERROR=${FIX_ROOT}/nam_errtable.r3dv  

  CONVINFO=${FIX_ROOT}/nam_regional_convinfo.txt  

  OZINFO=${FIX_ROOT}/nam_global_ozinfo.txt  

  PCPINFO=${FIX_ROOT}/nam_global_pcpinfo.txt  

fi  

 

RTMFIX=${FIX_ROOT}/crtm_gfsgsi  

# For Big_Endian (Linux, pgf) or Little_Endian (IBM, and linux ifort)  

if [ ${machine} = BLUEFIRE ]; then  

  echo " link to Big  endian fix files"  

  BYTE_ORDER=Big _Endian  

elif [ ${machine} = LNXC ]; then  

  echo " link to little endi an fix files"  

  BYTE_ORDER=Little_Endian  

else  

  echo " link to Big endian fix files"  

  BYTE_ORDER=Big_Endian  

fi  

RTMEMIS=${RTMFIX}/EmisCoeff/${BYTE_ORDER}/EmisCoeff.bin  

RTMAERO=${RTMFIX}/AerosolCoeff/${BYTE_ORDER}/AerosolCoeff.bin  

RTMCLDS=${RTMFIX}/CloudCo eff/${BYTE_ORDER}/CloudCoeff.bin  

 

#  copy Fixed fields to working directory  

 cp $BERROR   berror_stats  

 cp $SATANGL  satbias_angle  

 cp $SATINFO  satinfo  

 cp $RTMEMIS  EmisCoeff.bin  

 cp $RTMAERO  AerosolCoeff.bin  

 cp $RTMCLDS  CloudCoeff.bin  

 cp $CONVINFO c onvinfo  

 cp $OZINFO   ozinfo  

 cp $PCPINFO  pcpinfo  

 cp $OBERROR  errtable  

#  

#    # CRTM Spectral and Transmittance coefficients  

    nsatsen=`cat satinfo | wc - l`  

    isatsen=1  

    while [[ $isatsen - le $nsatsen ]]; do  

       flag=`head - n $isatsen satinfo  | tail - 1 | cut - c1 - 1`  

       if [[ "$flag" != "!" ]]; then  

          satsen=`head - n $isatsen satinfo | tail - 1 | cut - f 2 - d" 

"`  

          spccoeff=${satsen}.SpcCoeff.bin  

          if  [[ ! - s $spccoeff ]]; then  

             cp $RTMFIX/SpcCoeff/${BYTE_O RDER}/$spccoeff $spccoeff  
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             cp 

$RTMFIX/TauCoeff/${BYTE_ORDER}/${satsen}.TauCoeff.bin 

${satsen}.TauCoeff.bin  

          fi  

       fi  

       isatsen=` expr $isatsen + 1 `  

    done  

 

# Only need this file for single obs test  

 bufrtable=${FIX_ROOT}/pr epobs_prep.bufrtable  

 cp $bufrtable ./prepobs_prep.bufrtable  

 

# f or satellite bias correction  

cp ${FIX_ROOT}/ndas.t06z.satbias.tm03 ./satbias_in  

 

Set up some constants used in the GSI namelist for background error tuning. They should 

be set based on specific applications. Here we provide two sample sets of the constants for 

different background error covariance options, one set is used in the GFS operations and 

one for the NAM operations.  
 

# 

################################################################# ## 

# Set some parameters for use by the GSI executable and to build 

the namelist  

 

if [ ${bkcv_option} = GLOBAL ] ; then  

   as_op='0.6,0.6,0.75,0.75,0.75,0.75,1.0,1.0'  

   vs_op='0.7,'  

   hzscl_op='1.7,0.8,0.5,'  

else  

   as_op='1.0,1.0,0.5 ,0.7,0.7,0.5,1.0,1. 0,'  

   vs_op='1.0,'  

   hzscl_op='0.373,0.746,1.50,'  

fi  

 

The following large chunk of code is used to generate the GSI namelist called gsiparm.anl 

created in the working directory. A detailed explanation of each variable can be found in 

Section 3.4.  
 

# Bui ld the GSI namelist on - the - fly  

cat << EOF > gsiparm.anl  

 &SETUP 

   miter=2,niter(1)=5,niter(2)=5,  

   write_diag(1)=.true.,write_diag(2)=.false.,write_diag(3)=.true.,  

   qoption=1,  

   gencode=78,factqmin=0.005,factqmax=0.005,deltim=$DELTIM,  

   ndat=59,npred =5,iguess= - 1,  

   oneobtest=.false.,retrieval=.false.,l_foto=.false.,  

   use_pbl=.false.,  

   $SETUP 

 /      

 &GRIDOPTS 

   JCAP=$JCAP,NLAT=$NLAT,NLON=$LONA,nsig=$LEVS,hybrid=.true.,  

   wrf_nmm_regional=.false.,wrf_mass_regional=.true.,  

   diagnostic_reg=.fal se.,  
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   filled_grid=.false.,half_grid=.true.,netcdf=.true.,  

   regional=.true.,nlayers(63)=3,nlayers(64)=6,  

   $GRIDOPTS 

 /  

 &BKGERR 

   as=${as_op}  

   vs=${vs_op}  

   hzscl=${hzscl_op}  

   hswgt=0.45,0.3,0.25,  

   bw=0.0,norsp=4,  

   bkgv_flowdep=.false.,bkgv_ rewgtfct=1.5  

   $BKGVERR 

/  

 &ANBKGERR 

   anisotropic=.false.,  

 /  

 &JCOPTS 

   jcterm=.false.,jcdivt=.false.,bamp_ext1=2.5e12,bamp_ext2=5.0e11,  

   bamp_int1=2.5e13,bamp_int2=2.5e12,  

   $JCOPTS 

 /  

 &STRONGOPTS 

   

jcstrong=.false.,nstrong=1,nvmodes_keep=8,peri od_max=6.,period_widt

h=1.5,  

   jcstrong_option=2,baldiag_full=.true.,baldiag_inc=.true.,  

   $STRONGOPTS 

 /  

 &OBSQC 

   

dfact=0.75,dfact1=3.0,noiqc=.false.,oberrflg=.false.,c_varqc=0.02,  

   use_poq7=.true.,  

   $OBSQC 

 /  

 &OBS_INPUT 
   dmesh(1)=120.0,dmesh(2) =60.0,dmesh(3)=60.0,dmesh(4)=60.0,dmesh(5)=120,time_window_max=1.5,  

   dfile(01)='prepbufr',   dtype(01)='ps',       dplat(01)=' ',         dsis(01)='ps',                  dval(01)=1.0,  dthin(01)=0,  

   dfile(02)='prepbufr'   dtype(02)='t',         dplat(0 2)=' ',         dsis(02)='t',                   dval(02)=1.0,  dthin(02)=0,  

   dfile(03)='prepbufr',  dtype(03)='q',         dplat(03)=' ',         dsis(03)='q',                   dval(03)=1.0,  dthin(03) =0,  

   dfile(04)='prepbufr',  dtype(04)='pw',        dplat(04)=' ',         dsis(04)='pw',                  dval(04)=1.0,  dthin(04)=0,  

   dfile(05)='prepbufr',  dtype(05)='uv',        dplat(05)=' ',         dsis(05)='uv',                  dval(05)=1.0,  dthin(05) =0,  

   dfile(06)='prepbufr',  dtype(06)='spd ',       dplat(06)=' ',         dsis(06)='spd',                 dval(06)=1.0,  dthin(06)=0,  

   dfile(07)='prepbufr',  dtype(07)='dw',        dplat(07)=' ',         dsis(07)='dw',                  dval(07)=1.0,  dthin(07) =0,  

   dfile(08)='radarbufr', dtype( 08)='rw',        dplat(08)=' ',         dsis(08)='rw',                  dval(08)=1.0,  dthin(08)=0,  

   dfile(09)='prepbufr',  dtype(09)='sst',       dplat(09)=' ',         dsis(09)='sst',                 dval(09)=1.0,  dthin(09) =0,  

   dfile(10)='gpsrobufr' , dtype(10)='gps_ref',   dplat(10)=' ',         dsis(10)='gps_ref',             dval(10)=1.0,  dthin(10)=0,  

   dfile(11)='ssmirrbufr',dtype(11)='pcp_ssmi',  dplat(11)='dmsp',      dsis(11)='pcp_ssmi',            dval(11)=1.0,  dthin(11)= - 1,  

   dfile(12)='t mirrbufr', dtype(12)='pcp_tmi',   dplat(12)='trmm',      dsis(12)='pcp_tmi',             dval(12)=1.0,  dthin(12)= - 1,  

   dfile(13)='sbuvbufr',  dtype(13)='sbuv2',     dplat(13)='n16',       dsis(13)='sbuv8_n16',           dval(13)=1.0,  dthin(13) =0,  

   dfi le(14)='sbuvbufr',  dtype(14)='sbuv2',     dplat(14)='n17',       dsis(14)='sbuv8_n17',           dval(14)=1.0,  dthin(14)=0,  

   dfile(15)='sbuvbufr',  dtype(15)='sbuv2',     dplat(15)='n18',       dsis(15)='sbuv8_n18',           dval(15)=1.0,  dthin(15) =0,  

   dfile(16)='hirs2bufr', dtype(16)='hirs2',     dplat(16)='n14',       dsis(16)='hirs2_n14',           dval(16)=6.0,  dthin(16) =1,  

   dfile(17)='hirs3bufr', dtype(17)='hirs3',     dplat(17)='n16',       dsis(17)='hirs3_n16',           dval(17)=0.0,  dth in(17)=1,  

   dfile(18)='hirs3bufr', dtype(18)='hirs3',     dplat(18)='n17',       dsis(18)='hirs3_n17',           dval(18)=6.0,  dthin(18) =1,  

   dfile(19)='hirs4bufr', dtype(19)='hirs4',     dplat(19)='n18',       dsis(19)='hirs4_n18',           dval(19)=0 .0,  dthin(19)=1,  

   dfile(20)='hirs4bufr', dtype(20)='hirs4',     dplat(20)='metop - a',   dsis(20)='hirs4_metop - a',       dval(20)=6.0,  dthin(20)=1,  

   dfile(21)='gsndrbufr', dtype(21)='sndr',      dplat(21)='g11',       dsis(21)='sndr_g11',            dv al(21)=0.0,  dthin(21)=1,  

   dfile(22)='gsndrbufr', dtype(22)='sndr',      dplat(22)='g12',       dsis(22)='sndr_g12',            dval(22)=0.0,  dthin(22) =1,  

   dfile(23)='gimgrbufr', dtype(23)='goes_img',  dplat(23)='g11',       dsis(23)='imgr_g11',            dval(23)=0.0,  dthin(23)=1,  

   dfile(24)='gimgrbufr', dtype(24)='goes_img',  dplat(24)='g12',       dsis(24)='imgr_g12',            dval(24)=0.0,  dthin(24) =1,  

   dfile(25)='airsbufr',  dtype(25)='airs',      dplat(25)='aqua',      dsis(25)='airs281S UBSET_aqua',  dval(25)=20.0, dthin(25)=1,  

   dfile(26)='msubufr',   dtype(26)='msu',       dplat(26)='n14',       dsis(26)='msu_n14',             dval(26)=2.0,  dthin(26) =2,  
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   dfile(27)='amsuabufr', dtype(27)='amsua',     dplat(27)='n15',       dsis(27)=' amsua_n15',           dval(27)=10.0, dthin(27)=2,  

   dfile(28)='amsuabufr', dtype(28)='amsua',     dplat(28)='n16',       dsis(28)='amsua_n16',           dval(28)=0.0,  dthin(28) =2,  

   dfile(29)='amsuabufr', dtype(29)='amsua',     dplat(29)='n17',       ds is(29)='amsua_n17',           dval(29)=0.0,  dthin(29)=2,  

   dfile(30)='amsuabufr', dtype(30)='amsua',     dplat(30)='n18',       dsis(30)='amsua_n18',           dval(30)=10.0, dthin(30) =2,  

   dfile(31)='amsuabufr', dtype(31)='amsua',     dplat(31)='metop - a',   dsis(31)='amsua_metop - a',       dval(31)=10.0, dthin(31)=2,  

   dfile(32)='airsbufr',  dtype(32)='amsua',     dplat(32)='aqua',      dsis(32)='amsua_aqua',          dval(32)=5.0,  dthin(32) =2,  

   dfile(33)='amsubbufr', dtype(33)='amsub',     dplat(33) ='n15',       dsis(33)='amsub_n15',           dval(33)=3.0,  dthin(33)=3,  

   dfile(34)='amsubbufr', dtype(34)='amsub',     dplat(34)='n16',       dsis(34)='amsub_n16',           dval(34)=3.0,  dthin(34) =3,  

   dfile(35)='amsubbufr', dtype(35)='amsub',     d plat(35)='n17',       dsis(35)='amsub_n17',           dval(35)=3.0,  dthin(35)=3,  

   dfile(36)='mhsbufr',   dtype(36)='mhs',       dplat(36)='n18',       dsis(36)='mhs_n18',             dval(36)=3.0,  dthin(36) =3,  

   dfile(37)='mhsbufr',   dtype(37)='mhs',        dplat(37)='metop - a',   dsis(37)='mhs_metop - a',         dval(37)=3.0,  dthin(37)=3,  

   dfile(38)='ssmitbufr', dtype(38)='ssmi',      dplat(38)='f13',       dsis(38)='ssmi_f13',            dval(38)=0.0,  dthin(38) =4,  

   dfile(39)='ssmitbufr', dtype(39 )='ssmi',      dplat(39)='f14',       dsis(39)='ssmi_f14',            dval(39)=0.0,  dthin(39)=4,  

   dfile(40)='ssmitbufr', dtype(40)='ssmi',      dplat(40)='f15',       dsis(40)='ssmi_f15',            dval(40)=0.0,  dthin(40) =4,  

   dfile(41)='amsrebufr', dtype(41)='amsre_low', dplat(41)='aqua',      dsis(41)='amsre_aqua',          dval(41)=0.0,  dthin(41)=4,  

   dfile(42)='amsrebufr', dtype(42)='amsre_mid', dplat(42)='aqua',      dsis(42)='amsre_aqua',          dval(42)=0.0,  dthin(42) =4,  

   dfile(43)='amsr ebufr', dtype(43)='amsre_hig', dplat(43)='aqua',      dsis(43)='amsre_aqua',          dval(43)=0.0,  dthin(43)=4,  

   dfile(44)='ssmisbufr', dtype(44)='ssmis_las', dplat(44)='f16',       dsis(44)='ssmis_f16',           dval(44)=0.0,  dthin(44) =4,  

   dfile(4 5)='ssmisbufr', dtype(45)='ssmis_uas', dplat(45)='f16',       dsis(45)='ssmis_f16',           dval(45)=0.0,  dthin(45)=4,  

   dfile(46)='ssmisbufr', dtype(46)='ssmis_img', dplat(46)='f16',       dsis(46)='ssmis_f16',           dval(46)=0.0,  dthin(46) =4,  

   dfile(47)='ssmisbufr', dtype(47)='ssmis_env', dplat(47)='f16',       dsis(47)='ssmis_f16',           dval(47)=0.0,  dthin(47) =4,  

   dfile(48)='gsnd1bufr', dtype(48)='sndrd1',    dplat(48)='g12',       dsis(48)='sndrD1_g12',          dval(48)=1.5,  dthin(4 8)=5,  

   dfile(49)='gsnd1bufr', dtype(49)='sndrd2',    dplat(49)='g12',       dsis(49)='sndrD2_g12',          dval(49)=1.5,  dthin(49) =5,  

   dfile(50)='gsnd1bufr', dtype(50)='sndrd3',    dplat(50)='g12',       dsis(50)='sndrD3_g12',          dval(50)=1.5,  dthin(50)=5,  

   dfile(51)='gsnd1bufr', dtype(51)='sndrd4',    dplat(51)='g12',       dsis(51)='sndrD4_g12',          dval(51)=1.5,  dthin(51) =5,  

   dfile(52)='gsnd1bufr', dtype(52)='sndrd1',    dplat(52)='g11',       dsis(52)='sndrD1_g11',          dval(5 2)=1.5,  dthin(52)=5,  

   dfile(53)='gsnd1bufr', dtype(53)='sndrd2',    dplat(53)='g11',       dsis(53)='sndrD2_g11',          dval(53)=1.5,  dthin(53) =5,  

   dfile(54)='gsnd1bufr', dtype(54)='sndrd3',    dplat(54)='g11',       dsis(54)='sndrD3_g11',          dval(54)=1.5,  dthin(54)=5,  

   dfile(55)='gsnd1bufr', dtype(55)='sndrd4',    dplat(55)='g11',       dsis(55)='sndrD4_g11',          dval(55)=1.5,  dthin(55) =5,  

   dfile(56)='gsnd1bufr', dtype(56)='sndrd1',    dplat(56)='g13',       dsis(56)='sndrD1_g13',           dval(56)=1.5,  dthin(56)=5,  

   dfile(57)='gsnd1bufr', dtype(57)='sndrd2',    dplat(57)='g13',       dsis(57)='sndrD2_g13',          dval(57)=1.5,  dthin(57) =5,  

   dfile(58)='gsnd1bufr', dtype(58)='sndrd3',    dplat(58)='g13',       dsis(58)='sndr D3_g13',          dval(58)=1.5,  dthin(58)=5,  

   dfile(59)='gsnd1bufr', dtype(59)='sndrd4',    dplat(59)='g13',       dsis(59)='sndrD4_g13',          dval(59)=1.5,  dthin(59) =5,  

 

 /  

 &SUPEROB_RADAR 

   $SUPERRAD 

 /  

 &SINGLEOB_TEST 

   maginnov=10.0,magoberr= 0.8,oneob_type='t',  

   oblat=38.,oblon=279.,obpres=500.,obdattim=${ ANAL_TIME},  

   obhourset=0.,  

   $SINGLEOB 

 /  

EOF 

 

Note: The end of GSI namelist 
 

The following section is to run GSI and check if GSI is successfully finished.  
# 

########################## #########################################  

cp ${FIX_ROOT}/ndas.t06z.satbias.tm03 ./satbias_in  

 

if [ ${machine} = BLUEFIRE ] ; then  

  mpirun.lsf  ${workdir}/gsi.exe < gsiparm.anl > stdout  

elif [ ${machine} = LNXC] ; then  

  ${MPIRUN} - np ${GSIPROC} gsi.exe < gsiparm.anl > stdout 2>&1  

else  

  ${MPIRUN} - np ${GSIPROC} gsi.exe < gsiparm.anl > stdout 2>&1  

fi  

error=$?  

 

if [ ${error} - ne 0 ]; then  



Running GSI 

GSI V1.0: Userôs Guide 20 

  echo "ERROR: ${GSI} crashed  Exit status=${error}"  

  exit ${error}  

fi  

 

# Look for successful completion messages in rsl  files  

nsuccess=`tail - l stdout | awk '/PROGRAM GSI_ANL HAS ENDED/' | wc -

l`  

ntotal=1  

echo "Found ${nsuccess} of ${ntotal} completion messages"  

if [ ${nsuccess} - ne ${ntotal} ]; then  

   echo "ERROR: ${GSI} did not complete successfully   Exit 

status=${erro r}"  

   if [ ${error} - ne 0 ]; then  

     exit ${error}  

   else  

     exit 1  

   fi  

fi  

 

The following section is to save analysis results with an understandable name and add 

analysis time to some output files. Among them, stdout contains runtime output of GSI and 

wrf_inout  is the analysis results. 
# 

###################################################################  

# 

#   GSI updating satbias_in  

# 

cp ./satbias_out ${FIX_ROOT}/ndas.t06z.satbias.tm03  

 

# Copy the output to more understandable names  

cp stdout      stdout.anl.${ANAL_TIME}  

cp wrf_inout   wrfanl.${ANAL_TIME}  

ln fort.201    fit_p1.${ANAL_TIME}  

ln fort.202    fit_w1.${ANAL_TIME}  

ln fort.203    fit_t1.${ANAL_TIME}  

ln fort.204    fit_q1.${ANAL_TIME}  

ln fort.207    fit_rad1.${ANAL_TIME}  

 

# Loop over first a nd last outer loops to generate innovation  

# diagnostic files for indicated observation types (groups)  

# 

# NOTE:  Since we set miter=2 in GSI namelist SETUP, outer  

#        loop 03 will contain innovations with respect to  

#        the analysis.  Creation o f o - a innovation files  

#        is triggered by write_diag(3)=.true.  The setting  

#        write_diag(1)=.true. turns on creation of o - g 

#        innovation files.  

# 

 

cd $DATA    # we should already be in $DATA, but extra cd to be 

sure.  

loops="01 03"  

for l oop in $loops; do  

 

case $loop in  

  01) string=ges;;  
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  03) string=anl;;  

   *) string=$loop;;  

esac  

 

#  Collect diagnostic files for obs types (groups) below  

   listall="conv hirs2_n14 msu_n14 sndr_g08 sndr_g11 sndr_g11 

sndr_g12 sndr_g13 sndr_g08_prep sndr_g1 1_prep sndr_g12_prep 

sndr_g13_prep sndrd1_g11 sndrd2_g11 sndrd3_g11 sndrd4_g11 

sndrd1_g12 sndrd2_g12 sndrd3_g12 sndrd4_g12 sndrd1_g13 sndrd2_g13 

sndrd3_g13 sndrd4_g13 hirs3_n15 hirs3_n16 hirs3_n17 amsua_n15 

amsua_n16 amsua_n17 amsub_n15 amsub_n16 amsub_n17  hsb_aqua 

airs_aqua amsua_aqua imgr_g08 imgr_g11 imgr_g12 pcp_ssmi_dmsp 

pcp_tmi_trmm conv sbuv2_n16 sbuv2_n17 sbuv2_n18 omi_aura ssmi_f13 

ssmi_f14 ssmi_f15 hirs4_n18 hirs4_metop - a amsua_n18 amsua_metop - a 

mhs_n18 mhs_metop - a amsre_low_aqua amsre_mid_aqua am sre_hig_aqua 

ssmis_las_f16 ssmis_uas_f16 ssmis_img_f16 ssmis_env_f16 iasi_metop -

a"  

   for type in $listall; do  

      count=`ls pe*${type}_${loop}* | wc - l`  

      if [[ $count - gt 0 ]]; then  

         cat pe*${type}_${loop}* > diag_${type}_${string}.${adate}  

      fi  

   done  

done  

 

 

exit 0  

 

3.4 GSI Namelist 

 

The following are explanations of the GSI namelist variables. You can also find them in the 

source code gsimain.F90. 

 

Variable name Default 

value 

Description 

&SETUP  general control namelist 

Gencode  80 source generation code 

Factqmin  1 weighting factor for negative moisture constraint 

Factqmax  1 weighting factor for supersaturated moisture 

constraint 

Deltim  1200 model timestep 

Dtphys  3600 physics timestep 

Biascor  -1 background error bias correction coefficient 

Ndat  100 number of observations datasets 

Npred  5 number of radiance bias predictors 

niter( 0:50 )  0, é Maximum number of inner loop iterations for each 
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outer loop 

niter_no_qc( 0:50 )  1000000 Inner loop iteration at which to turn on variational 

quality control 

Miter  1 number of outer loops 

qoption  1 option for moisture analysis variable; 1:q/qsatg 

2:normalized RH 

nhr_assimilation  6 assimilation time interval (currently 6 hours for 

global, 3 hours for regional ) 

iout_iter  220 output file number for iteration information 

npredp  6 number of predictors for precipitation bias correction 

r etrieval  false logical to turn off or on the SST physical retrieval 

diag_rad  true logical to turn off or on the diagnostic radiance file 

(true=on) 

diag_ pcp  .true. logical to turn off or on the diagnostic precipitation 

file (true=on) 

diag_conv  .true. logical to turn off or on the diagnostic conventional 

file (true=on) 

diag_ozone  true logical to turn off or on the diagnostic ozone file 

(true=on) 

write_diag  .false., é logical to write out diagnostic files for outer iteration 

i guess  1 flag for guess solution (currently not working) 

-1    do not use guess file 

0     write only guess file 

1      read and write guess file 

2      read only guess file 

oneobtest  .false. one observation  test flag true=on 

switch_on_derivatives  false, é if true, then compute horizontal derivatives of all 

state variables (to be used eventually for time 

derivatives, dynamic constraints and observation 

forward models that need horizontal derivatives) 

t endsflag  .false. if true, compute time tendencies 

l_foto  .false. option for First-Order Time extrapolation to 

observation 

sfcmodel  .false. if true, then use boundary layer forward model for 

surface temperature data. 

dtbduv_on  true logical for switching on (.true.) sensitivity of uv 

winds to microwave brightness temperatures  

if true, use d(microwave brightness 
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temperature)/d(uv wind) in inner loop 

ifact10  0 flag for recomputing 10m wind factor 
= 1 compute using GFS surface physics 

= 2 compute using MM5 surface physics 

= 0 or any other value - DO NOT recompute - use value 

from guess file 

offtime_data  False if true, then allow use of obs files with ref time 

different from analysis time.  default value = .false., 

in which case analysis fails if observation file 

reference time is different from analysis time. 

npred_conv_max  0  maximum number of conventional  observation bias 

correction coefficients 

id_bias_ps  0 prepbufr id to have conv_bias added for testing 

id_bias_t  0 prepbufr id to have conv_bias added for testing 

id_bias_spd  120 prepbufr id to have conv_bias added for testing 

conv_bias_ps  0 magnitude of ps bias(mb) 

conv_bias_t  0 magnitude of t  bias(deg K) 

conv_bias_spd  0 magnitude of spd bias(m/sec) 

stndev_conv_ps  1  

stndev_conv_t  1  

stndev_conv_spd  1  

use_pbl  .false.  Logical flag to include PBL effects in tendency 

model. 

perturb_obs  False  logical flag to perturb observation (true=on) 

perturb_fact  1 magnitude factor for observation perturbation 

oberror_tune  False  logical to tune (=true) oberror 

NOTE:  for now, if in regional mode, then iguess=-1 is forced internally.  

 

 

& GRIDOPTS   grid setup variables, including regional specific 

variables 

j cap  62 spectral resolution 

nsig  42 number of sigma levels 

nlat  96 number of latitudes 

nlon  384 number of longitudes 

hybrid  .false. logical hybrid data file flag (true=hybrid) 

nlon_regional  0 Number of x grid point in whole regional domain 
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nlat_regional  0 Number of y grid point in whole regional domain 

diagnostic_reg  .false. logical for regional debugging 

update_regsfc  .false. logical to write out updated surface fields to the 

regional analysis file (default = false) 

netcdf  .false. if true, then wrf files are in netcdf format,          

otherwise wrf files are in binary format. 

r egio nal  .false. logical for regional GSI run 

wrf_nmm_regional   .false. logical for input from WRF NMM 

wrf_mass_regional  .false. logical for input from WRF MASS-CORE (ARW) 

twodvar_regional   .false. logical for regional 2d-var analysis 

filled_grid  .false. logical to fill in points on WRF-NMM E-grid 

half_grid  .false. logical to use every other row of WRF-NMM E-Grid 

gmao_intfc  .false. logical for GMAO agcm interface 

nlayers (100)  1 number of sub-layers to break indicated model layer 

into prior to calling radiative transfer model 

 

 

&BKGERR   background error related variables 

as()  0.6 

0.6 

é 

normalized scale factor for background error 

as(1) = stream function 

as(2) = velocity potential 

as(3) = surface pressure 

as(4) = temperature 

as(5) = specific humidity 

as(7) = skin temperature 

as(8) = cloud condensate mixing ratio 

 

vs  1/1.5 scale factor for vertical correlation lengths for 

background error 

hzscl( 3)  1, 1, 1 scale factor for horizontal smoothing, n=1,number of 

scales (3 for now)  

specifies factor by which to reduce horizontal scales 

(i.e. 2 would then apply 1/2 of the horizontal scale) 

hswgt( 3)  1/3, 1/3, 1/3 empirical weights to apply to each horizontal scale 

norh  2 order of interpolation in smoothing 

ndeg  4 degree of smoothing in recursive filters 

noq  3 1/4 of accuracy in compact finite differencing 

bw 0 factor in background error calculation 
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norsp  0 order of interpolation for smooth polar cascade routine 

default is norsp=0, in which case norh is used with 

original polar cascade interpolation (global only). 

fstat  false logical to separate f from balance projection 

pert_berr  false logical to turn on random inflation/deflation of 

background error tuning parameters 

pert_berr_fct  0 factor for increasing/decreasing berror parameters, this 

is multiplied by random number 

bkgv_flowdep  .false. flag to turn on flow dependence to background error 

variances 
bkgv_rewgtfct  0 factor used to perform flow dependent reweighting of 

error variances 

bkgv_write  false flag to turn on=.true. /off=.false. generation of binary 

file with reweighted variances 

tsfc_sdv (2)  1, 1 standard deviation of surface temperature error over 

(1) land and (2) ice 

 

 

&ANBKGERR   anisotropic background error related variables 

anisotropic  false if true, then use anisotropic background error 

covariance 

triad4  true for 2d variables, if true, use blended triad algorithm 

ifilt_ord  4 filter order for anisotropic filters 

npass  1 2×npass = number of factors in background error 

normal  200 number of random vectors to use for filter 

normalization ( if < 0 then slightly slower, but results 

independent of number of processors) 

binom  true if true, weight correlation lengths of factors using 

binomial distribution, with shortest scales on outside, 

longest scales on inside.  This can help to produce 

smoother correlations in the presence of strong 

anisotropy 

grid_ratio  2.0 ratio of coarse to fine grid in fine grid units 

nord_f2a   order of interpolation for transfer operators between 

filter grid and analysis grid 

ngauss  3 number of Gaussians to add together in each factor 

rgauss  0 multipliers on reference aspect tensor for each 

Gaussian factor 

an_amp 1/3 multiplying factors on reference background error 

variances 

an_amp(k, 1) - stream function  (k=1,ngauss) 
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an_amp(k, 2) - velocity potential 

an_amp(k, 3) - surface pressure 

an_amp(k, 4) - temperature 

an_amp(k, 5) - water vapor mixing ratio 

an_amp(k, 6) - ozone 

an_amp(k, 7) - sea surface temperature 

an_amp(k, 8) - cloud condensate mixing ratio 

an_amp(k, 9) - land surface temperature 

an_amp(k,10) - ice surface temperature 

 

an_vs  1 scale factor for background error vertical scales 

(temporary carry over from isotropic inhomogeneous 

option) 

an_flen_u    1 coupling parameter for connecting horizontal wind to 

background error 

an_flen_t    1 coupling parameter for connecting grad(potential 

temperature) to background error 

an_flen_z    1 coupling parameter for connecting grad(terrain) to 

background error 

 

 

 

&JCOPTS  constraint term in cost function (Jc) 

jcterm  false if .true., Jc term turned on (linearized about outer loop 

for now) 
jcdivt  false if .true., use divergence tendency formulation 

if .false., use original formulation based on wind, 

temperature , and surface pressure tends 
bamp_ext1  1 multiplying factor for first external component to Jc 

bamp_ext2  1 multiplying factor for second external component to Jc 

bamp_int1  1 multiplying factor for first internal component to Jc 

bamp_int2  1 multiplying factor for second internal component to Jc 

NOTE: magnitudes of the terms differ greatly between the two formulations 

 

 

&STRONGOPTS  strong dynamic constraint 

jcstrong  false if .true., strong constraint on 

jcstrong_option  1 =1 for slow global strong constraint 

=2 for fast global strong constraint 

=3 for regional strong constraint 

 
nstrong  0 if > 0, then number of iterations of implicit normal 

mode initialization to apply for each inner loop 
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iteration 

period_max  1000000.0 cutoff period for gravity waves included in implicit 

normal mode initialization (units = hours) 

period_width  1.0 defines width of transition zone from included to 

excluded gravity waves 

nvmodes_keep  0 number of vertical modes to use in implicit normal 

mode initialization 

baldiag_full  false flag to toggle balance diagnostics for the full fields 

baldiag_inc  false flag to toggle balance diagnostics for the analysis 

increment 

 

 

&OBSQC  observation quality control variables  

         Parameters used for gross error checks are set in file convinfo (ermin, ermax, ratio) 

         Parameters below used for nonlinear (variational) quality control 

re pe_dw   1 factor for representativeness error in radar Doppler 

winds 

repe_gps  0 factor for representativeness error in gps local 

observations 

dfact  0 factor for duplicate observation at same location for 

conventional data 

dfact1  3.0 time factor for duplicate observation at same location 

for conventional data 

erradar_inflate  1 radar error inflation factor 

oberrflg  false logical for reading in new observation error table (if 

set to true) 

vadfile  'none' character(10) variable holding name of VAD wind 

bufr file 

noiqc  .false logical flag to bypass OI QC (if set to true) 

c_varqc  1 constant number to control variance qc turning on 

speed 

use_poq7  .false. Logical to toggle accept (.true.) or reject (.false.) 

SBUV/2 ozone observations flagged with profile 

ozone quality mark 

 

& OBS_INPUT  controls input data 

dfile( 100 )  ó  ó input observation file name 

dtype( 100 )  ó  ó observation type 

dplat( 100 )  ó  ó satellite (platform) id (for satellite data) 
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dsis( 100 )  ó  ó sensor/instrument/satellite flag from satinfo files 

dthin( 100 )  1 satellite group 

dval( 100 )   relative value of each profile within group relative 

weight for observation = dval/sum(dval) within grid 

box 

time_window( 100 )  time_window 

_max 
time window for each input data file 

dmesh( 100 )   thinning mesh for each group 

mesh size (km) for radiance thinning grid (used in 

satthin) 

time_window_max  3 upper limit on time window for all input data 

 

 

&SINGLEOB_TEST   single observation test case setup 

maginnov  1 magnitude of innovation for one observation 

magoberr  1 magnitude of observational error 

oneob_type  ó ó observation type (t, u, v, etc.) 

oblat  0 observation latitude 

oblon  0 observation longitude 

obpres  1000.0 observation pressure (hPa) 

obdattim  2000010100 observation date (YYYYMMDDHH)  

obhourset  0 observation delta time from analysis time 

 

SUPEROB_RADAR  level 2 bufr file to radar wind superobs 

del_azimuth  5.0 azimuth range for superob box  (default 5 degrees) 

del_elev  0.25 elevation angle range for superob box  (default .05 

degrees) 

del_range  5000.0 radial range for superob box  (default 5 km) 

del_time  0.5 1/2 time range for superob box  (default .5 hours) 

elev_angle_max  5.0 max elevation angle (default of 5 deg) 

minnum 50 minimum number of samples needed to make a 

superob 

range_max  100000.0 max radial range in meters to use in constructing 

superobs  (default 100km) 

l2superob_only  false if true, then process level 2 data creating superobs, 

then quit. (added for easier retrospective testing, since 

level 2 bufr files are very large and hard to work with) 
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For most GSI analysis applications, only a few namelist variables need to be changed. Here 

we further introduce most often used variables for regional analyses:  

 

To change the number of outer loops and the number of inner iterations in each outer loop, 

you need to modify the following three variables in the namelist:  

miter=2:  number of outer loops of analysis. 

niter(1)=50:  maximum iteration number of 1st inner loop iterations. Inner loop 

will stop either reach this maximum number or reach convergence condition 

or broken. 

niter(2)=50: maximum iteration number of 2nd inner loop iterations 

 

If you want to change moisture variable used in analysis, here is the namelist variable: 
qoption  = 1 or 2: option of moisture analysis variable; 1:q/qsatg 2:normalized RH 

When qoption=1, the moisture analysis variable is pseudo-relative humidity.   

The saturation specific humidity, qsatg, is computed from the guess and held 

constant during the inner loop.  Thus, the RH control variable can only 

change via changes in specific humidity, q. 

When qoption=2, the moisture analysis variable is normalized RH. In this 

formulation we allow RH to change in the inner loop via changes to surface 

pressure (pressure), temperature, or specific humidity. 

 

The following four variables define which background field will be used in GSI analyses: 

r egional : if true, perform a regional GSI run using either ARW or NMM inputs 

as background. If false, perform a global GSI analysis.  

wrf_nmm_regional : if true, background comes from WRF NMM. When use 

WRF ARW or perform a global analysis, set it to false.  

wrf_mass_regional :  if true, background comes from WRF ARW. When use 

WRF NMM or perform a global analysis, set it to false.  

netcdf : if true, wrf files are in NETCDF format, otherwise wrf files are in binary 

format. This option only works for performing a regional GSI analysis.  
 

The following variables link the observation files to GSI observation IOs: 

ndat=43 : number of observation variables (not observation types). This number 

should be consistent with the lines in OBS_INPUT. So if adding a new 

observation variable, ndat must be incremented by one and one new line is 

added in OBS_INPUT. Based on dimensions of the variables in 

OBS_INPUT (e.g.,  dfile), the maximum value of ndat is 100. 

dfile( 01)='prepbufr': observation file name. The observation file contains 

observations used for a GSI analysis. This file can include several 

observation variables from different observation types. The file name is 

default in GSI and cannot be changed. 

dtype(01 )='ps' : analysis variable name that GSI can read in and handle. As an 

example here, GSI will read all ps  observations from the file prepbufr . 

Please note this name should be consistent with that used in the GSI code. 

Otherwise, GSI will give a warning message like:  
óthis is unknown observation variables and it will not be used in GSI analysisô 
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3.5 Results 

 

When GSI finishes, you will see lots of files in the run directory. Here is an example 

showing the files in the run directory generated from one of the GSI test case runs. This 

case was run to perform a regional GSI analysis with a WRF ARW NETCDF background 

using both conventional and radiance data. The analysis time is 00Z 20 December 2007. 

Twelve processors were used. To make the list more readable, we deleted all files with 

SpcCoeff, TauCoeff as part of their names, which are links to CRTM coefficients (see 

Sections 3.1 and 3.3 for details of these links). 

 
AerosolCoeff.bin  fort.210          obs_input.0006    obs_input.0038  

CloudCoeff.bin    fort.211          obs_input.0007    obs_input.0049  

EmisCoeff.bin     fort.212          obs_input.0008    obs_input.0050  

airsbufr          fort.213          obs_input.0009    obs_input.0051  

amsuabufr         fort.220          obs_input.0010    obs_input.0052  

amsubbuf r         gsi.x             obs_input.0011    obs_input.0053  

berror_stats      gsiparm.anl       obs_input.0012    obs_input.0054  

convinfo          gsnd1bufr         obs_input.0013    obs_input.0055  

dir.0000          hirs3bufr         obs_input.0014    obs _input.0056  

dir.0001          hirs4bufr         obs_input.0015    obs_input.0057  

dir.0002          l2rwbufr          obs_input.0016    obs_input.0058  

dir.0003          mesonetuselist    obs_input.0017    obs_input.0059  

dir.0004          mhsbufr           o bs_input.0018    obs_input.0060  

dir.0005          mpi_profile.0     obs_input.0019    obs_input.0062  

dir.0006          mpi_profile.1     obs_input.0020    ozinfo  

dir.0007          mpi_profile.10    obs_input.0021    pcpbias_out  

dir.0008          mpi_profil e.11    obs_input.0024    pcpinfo  

dir.0009          mpi_profile.2     obs_input.0025    prepbufr  

dir.0010          mpi_profile.3     obs_input.0026    radarbufr  

dir.0011          mpi_profile.4     obs_input.0027    satbias_angle  

errtable          mpi_profi le.5     obs_input.0028    satbias_in  

fort.201          mpi_profile.6     obs_input.0029    satbias_out  

fort.202          mpi_profile.7     obs_input.0030    satinfo  

fort.203          mpi_profile.8     obs_input.0031    siganl  

fort.204          mpi_profile .9     obs_input.0032    sigf03  

fort.205          obs_input.0001    obs_input.0033    stdout  

fort.206          obs_input.0002    obs_input.0034    wrf_ges  

fort.207          obs_input.0003    obs_input.0035    wrf_inout  

fort.208          obs_input.0004    o bs_input.0036  

fort.209          obs_input.0005    obs_input.0037  

diag_amsua_n15_anl.2007122000.Z   diag_hirs3_n16_anl.2007122000.Z  

diag_amsua_n15_ges.2007122000.Z   diag_hirs3_n16_ges.2007122000.Z  

diag_amsua_n16_anl.2007122000.Z   diag_sndrd1_g12_anl.20071 22000.Z  

diag_amsua_n16_ges.2007122000.Z   diag_sndrd1_g12_ges.2007122000.Z  

diag_amsub_n15_anl.2007122000.Z   diag_sndrd2_g12_anl.2007122000.Z  

diag_amsub_n15_ges.2007122000.Z   diag_sndrd2_g12_ges.2007122000.Z  

diag_amsub_n16_anl.2007122000.Z   diag_sndrd3_g 12_anl.2007122000.Z  

diag_amsub_n16_ges.2007122000.Z   diag_sndrd3_g12_ges.2007122000.Z  

diag_conv_anl.2007122000.Z        diag_sndrd4_g12_anl.2007122000.Z  

diag_conv_ges.2007122000.Z        diag_sndrd4_g12_ges.2007122000.Z  

prepobs_prep.bufrtable             r adar_supobs_from_level2  
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There are several important files that hold GSI analysis results and diagnosis information. 

We will introduce these files and their contents in detail in the following chapter. Here is a 

brief list of the contents of these files: 

stdout:  Standard text output file, which is the most often used file to check GSI 

analysis processes as well as basic and important information about the 

analyses. We will explain the content of stdout  in Section 4.1 and users 

are encouraged to read this file in detail to get an idea about GSI process 

order. 

wrf_inout : analysis results if GSI completes successfully - only if using wrf for 

background. The format is same as background file. 

wrf_ge s: background ï only if using wrf for background.  

diag_conv_anl .(time):  diagnostic files for conventional observations at final 

analysis step (analysis results, please see Section 4.5 for more information). 

diag_conv_ges.(time):  diagnostic files for conventional observations at 

initial analysis step (background, please see Section 4.5 for more 

information) 

gsiparm.anl :   namelist, generated by the run script. 

fort.2??:  statistic results of observation innovations according to observation 

variables. Please see Section 4.5 for details.  

fort.220 :  output from the inner loop minimization --> pcgsoi.f90. Please see 

Section 4.6 for details. 

*info : control data usage. Please see Section 4.3 for details 
  

Most of the other files in this directory are only intermediate files. A little knowledge about 

the content of these files is very helpful for debugging when GSI crashes. Please check the 

following list for the meaning of these files: (Note: you may not see all files in the above 

list because different observation data are used. Also, the fixed files prepared for a GSI run, 

such as CRTM coefficient and background error statistic files, are not included.)  

 
sigf03  background forecast files (typically sigf03,sigf06 and sigf09). 

This is a temporal file holding binary background files. 

When you see this file, at least background file is 

successfully read in. 

sig anl  analysis results in binary format. When this file exists, 

the analysis part has finished. 

mpi_profile.??  scratch files (????=subdomain id) 

dir.????  scratch files (one file contains all observation types in a 

subdomain. ????=subdomain id) 

obs_input.????  scratch files ( one file is one observation type within 

analysis domain and time. ????=observation type id in 

namelist) 

pcpbias_out  output precipitation bias correction file 

satbias_out   output satellite bias correction file 
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Chapter 4: GSI Diagnostics and Tuning 

 

This chapter is to help users understand and diagnose GSI analysis, which includes 

introductions to the content and structure of GSI standard output (stdout), the use of a 

single observation to check the features of the GSI analysis, and to analyze the observation 

usage, analysis domain partition, and optimization process in GSI from standard and other 

output files. 

 

4.1 Understanding stdout 

 

In Section 3.5, we listed the files in the GSI run directory after a successful GSI analysis 

and briefly introduced the contents of several important files, in which, stdout is the most 

useful one because users can find most critical information about the GSI analysis from the 

file. From stdout, users can find if the GSI has successfully ended, if optimal iterations 

look good, and if background and analysis fields are reasonable. stdout is a file holding all 

GSI standard output from all processors. Understanding the content of this file can also be 

very helpful for users to find where and why GSI failed when it crashes.  

 

The structure of stdout shows typical steps in a meteorological data analysis system: 

1. read in all data and prepare analysis: 

a. read in configuration (namelist) 

b. read in background 

c. read in constant fields (fixed files) 

d. read in observation 

e. partition domain and data for parallel analysis 

2. optimal iteration (analysis) 

3. save analysis result 

 

In this section, the detailed structure and content of stdout are explained using an example 

in the NCEP GSI regression test suite. This is the case using the WRF-ARW netcdf file as 

background and analyzing all observations used in NAM operation, including conventional 

observation data, radiance, and radar radial velocity. The case was run on the NCAR IBM 

supercomputer, Bluefire, with 12 processors. To keep it concise and make it more readable, 

most parts of repeated content were deleted (shown by the blue dotted line). For the same 

purpose, the accuracy of some numbers has been reduced to avoid breaking a single line in 

stdout because of the width limitation of the page. 

 

This is the start of the GSI analysis. Show some configurations of the analysis: 
   0:  

   0:* . * . * . * . * . * . * . * . * . * . * . * . * . * . * . * . * . * .  

   0:     PROGRAM GSI_ANL HAS BEGUN. COMPILED 1 999232.55     ORG: NP23  

   0:     STARTING DATE - TIME  APR 28,2009  14:58:44.472  118  TUE   2454950  

   0:  

    0: INIT_IO: reserve units lendian_in=15 and lendian_out=66 for little endian i/o  

   0: GSIMAIN:  reset time window for one or more OBS_INPUT entri es to 1.50  

   0: GSIMAIN:  ***WARNING*** reset oberrflg= T  

   0: calling gsisub with following input parameters:  
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   0:  

 

The content of namelist used in this analysis: 
   0:  

   0: &SETUP  

   0: GENCODE=78.00, FACTQMIN=0.000E+00, FACTQMAX=0.00E+00, DELTIM=120 0.00, 

DTPHYS=3600.00, BIASCOR= - 1.0, NDAT=62, NPRED=5, NITER=0, 50, 50, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, NITER_NO_QC=1000000, 1000000, 

1000000, 10 00000, 1000000, 1000000, 1000000, 1000000, 1000000, 1000000, 1000000, 

1000000, 1000000, 1000000, 1000000, MITER=2, QOPTION=2, NHR_ASSIMILATION=3, 

IOUT_ITER=220, NPREDP=6, RETRIEVAL=F, DIAG_RAD=T, DIAG_PCP=T, DIAG_CONV=T, 

DIAG_OZONE=T, IGUESS=- 1, WRITE_DIAG =F, T, F, T, F, F, F, F, F, F, F, F, F, F, F, 

F, F, F, F, F, F, F, F, F, ONEOBTEST=F, SWITCH_ON_DERIVATIVES=F, TENDSFLAG=F, 

SFCMODEL=F, DTBDUV_ON=T, IFACT10=0, L_FOTO=F, OFFTIME_DATA=F, NPRED_CONV_MAX=0, 

ID_BIAS_PS=0, ID_BIAS_T=0, ID_BIAS_SPD=120, CONV_BIA S_PS=0.0E+00, 

CONV_BIAS_T=0.0E+00, CONV_BIAS_SPD=0.0E+00, STNDEV_CONV_PS=1.0, 

STNDEV_CONV_T=1.00, STNDEV_CONV_SPD=1.0, USE_PBL=F, PERTURB_OBS=F, 

PERTURB_FACT=1.0, OBERROR_TUNE=F 

   0: /  

   0: &GRIDOPTS  

 
   0: &BKGERR 

 
   0: &ANBKGERR 

 
   0: &JCOPTS  

 
   0: &STRONGOPTS 

 
   0: &OBSQC 

 
   0: &SUPEROB_RADAR 

 
 

 

Read background fields for the analysis and show the maximum and minimum values of 

the fields in each vertical level. Here, only part of the variables znu and T are shown and all 

other variables that GSI reads in are listed only as the variable name in the netcdf file 

(rmse_var  = é). The maximum and minimum valuses are useful information for a quick 

check if background fields are right and have been successfully read in: 
 

   0: /  

   0:  dh1  =  1  

   0:  iy,m,d,h,m,s= 2007 12 20 0 0 0  

   0:  dh1  =  1  

   0: before rm se var T  

   0: after rmse var T  

   0:  dh1  =  1  

   0: rmse_var = T  

   0:  nlon,lat,sig_regional= 69 64 45  

   0:  rmse_var=P_TOP  

   0:  rmse_var=ZNU  

   0:  ordering=Z   

   0:  WrfType,WRF_REAL= 104 104  

   0:  ndim1= 1  

   0:  staggering= N/A  

   0:  start_in dex= 1 1 1 785191608  

   0:  end_index= 45 64 45 - 1603623772  

   0:  k,znu(k)= 1 0.9965000153  

   0:  k,znu(k)= 2 0.9879999757  
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   0:  k,znu(k)= 44 0.9608348832E - 02 

   0:  k,znu(k)= 45 0.3124696668E - 02 

 

   0:  rmse_var=T  

   0:  ord ering=XYZ  

   0:  WrfType,WRF_REAL= 104 104  

   0:  ndim1= 3  

   0:  staggering= N/A  

   0:  start_index= 1 1 1 785191608  

   0:  end_index= 69 64 45 - 1603623772  

   0:  k,max,min,mid T= 1 309.9411316 264.5114136 289.7205811  

   0:  k,max,min,mid T= 2 310.6200562  269.5698547 295.0413208  

 
   0:  k,max,min,mid T= 44 498.1362000 456.4700012 478.7089233  

   0:  k,max,min,mid T= 45 510.0127563 472.5627441 494.7407227  

   0:  rmse_var=QVAPOR  

   0:  rmse_var=U  

   0:  rmse_var=V  

   0:  rmse_var=L ANDMASK 

   0:  rmse_var=XICE  

   0:  rmse_var=SST  

   0:  rmse_var=IVGTYP  

   0:  rmse_var=ISLTYP  

   0:  rmse_var=VEGFRA  

   0:  rmse_var=SNOW  

   0:  rmse_var=U10  

   0:  rmse_var=V10  

   0:  rmse_var=SMOIS  

   0:  rmse_var=TSLB  

   0:  rmse_var=TSK  

   0:  at  1 i n init_general_transform  

  11: READ_wrf_mass_FILES:  analysis date,minutes  2007 12 20 0 0 15760800  

  11: READ_wrf_mass_FILES:  sigma guess file, nming2  0.0 0 12 20 2007 15760800  

   0: READ_wrf_mass_FILES:  sigma fcst files used in analysis  :   3 0.0 1  

   0: READ_wrf_mass_FILES:  surface fcst files used in analysis:   3 0.0  1 

 

 

Show how the analysis domain is partitioned into subdomains in each processor, in this 

example, 12 processors were used (see Section 4.4 for more information): 
 

   0:DETER_SUBDOMAIN:  task,istart,jstart,ilat1,jlon1=    0    1    1   16   23  

   0:DETER_SUBDOMAIN:  task,istart,jstart,ilat1,jlon1=    1   17    1   16   23  

   0:DETER_SUBDOMAIN:  task,istart,jstart,ilat1,jlon1=    2   33    1   16   23  

   0:DETER_SUBDOMAIN:  task,istart, jstart,ilat1,jlon1=    3   49    1   16   23  

   0:DETER_SUBDOMAIN:  task,istart,jstart,ilat1,jlon1=    4    1   24   16   23  

   0:DETER_SUBDOMAIN:  task,istart,jstart,ilat1,jlon1=    5   17   24   16   23  

   0:DETER_SUBDOMAIN:  task,istart,jstart,ilat1,jlo n1=    6   33   24   16   23  

   0:DETER_SUBDOMAIN:  task,istart,jstart,ilat1,jlon1=    7   49   24   16   23  

   0:DETER_SUBDOMAIN:  task,istart,jstart,ilat1,jlon1=    8    1   47   16   23  

   0:DETER_SUBDOMAIN:  task,istart,jstart,ilat1,jlon1=    9   17   47   16   23  

   0:DETER_SUBDOMAIN:  task,istart,jstart,ilat1,jlon1=   10   33   47   16   23  

   0:DETER_SUBDOMAIN:  task,istart,jstart,ilat1,jlon1=   11   49   47   16   23  

 

 

Show and check analysis time and background file time. They should be the same: 
 

   6: GESINFO:  Guess date is  0 12 20 2007 0.0  

   6: GESINFO:  Analysis date is  2007 12 20 0 0  

   0:  using restart file date =  2007 12 20 0  
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Read in radar station information and prepare for radar radial velocity: 
 

   0: RADAR_BUFR_READ_ALL: analysis time is  2007 12 20 0  

 
 

   0: master list radar   1 stn id,lat,lon,hgt = KABR     45.46    - 98.41  

   0: master list radar   2 stn id,lat,lon,hgt = KABX     35.15   - 106.82  

 
   0: master list radar  19  stn id,lat,lon,hgt = KGSP     34.88    - 82.22  

   0: master list radar  20 stn id,lat,lon,hgt = KGWX     33.90    - 88.33  

   0:  min,max num_radars= 25 89  

   0:  nthisbins= 201600  

   0:  timemin,max= - 1.50000000000000000 1.50000000000000000  

   0:  nradials_ in= 3033295  

   0:  nradials_fail_angmax= 199021  

   0:  nradials_fail_time= 1882270  

   0:  nradials_fail_elb= 0  

   0:  nobs_in= 137696739  

   0:  nobs_badvr= 26522679  

   0:  nobs_badsr= 126555  

   0:  nobs_lrbin= 4656  

   0:  nobs_hrbin= 0  

   0:  nrange_max= 1 7678170  

   0: ielbin,histo_el=     1                   0  

   0: ielbin,histo_el=     2            10746822  

 
 

   0: ielbin,histo_el=    20                 171  

   0:  for radar KABR nsuper= 2770  

   0:   vrmin,max= - 28.75423813 33.2 1052551  

 
   0:   vrmin,max= - 18.70370293 18.58333397  

   0:  errmin,max= 0.7941507548E - 01 27.96442032  

   4: READ_WRF_MASS_GUESS:  open lendian_in= 15  to file=sigf03  

 
   3: READ_WRF_MASS_GUESS:  open l endian_in= 15  to file=sigf03  

   6: ifld, temp1(im/2,jm/2)=     7    0.29887E+03  

 
   3: ifld, temp1(im/2,jm/2)=     4    0.29504E+03  

 

 

Read in and show the content of observation info files (see Section 4.3 for details). Here is 

part of convinfo: 
 

   0: PCPINFO_READ:  no pcpbias file.  set predxp=0.0  

   0:READ_CONVINFO: ps  120  0  1  3.0  0  0  0  4.0  3.0  1.0  4.0  0.30E - 3  0 0.0  0.0  0  

   0:READ_CONVINFO: ps  132  0 - 1  3.0  0  0  0  4.0  3.0  1.0  4.0  0.30E - 3  0 0.0  0.0  0 

   0:READ_CONVINFO: t   120  0  1  3.0  0  0  0  8.0  5.6  1.3  8.0  0.10E - 5  0 0.0  0.0  0  

   0:READ_CONVINFO: t   126  0 - 1  3.0  0  0  0  8.0  5.6  1.3  7.0   0.40E - 2  0 0.0  0.0  0  

   0:READ_CONVINFO: q   120  0  1  3.0  0  0  0  8.0 100.0 10.0 8.0  0 .50E - 3  0 0.0   0.0  0  

   0:READ_CONVINFO: q   130  0 - 1  3.0  0  0  0  8.0 100.0 10.0 8.0  0.60E - 3  0 0.0  0.0   0 

   0:READ_CONVINFO: pw  152  0 - 1  3.0  0  0  0 10.0  8.0  2.0 10.0  0.0      0 0.0  0.0  0  

   0:READ_CONVINFO: pw  153  0 - 1  3.0  0  0  0  5 .0  5.0  2.0  5.0  0.0       0 0.0  0.0   0 

   0:READ_CONVINFO: sst 120  0 - 1  3.0  0  0  0 10.0  2.0  0.2 10.0  0.0       0 0.0   0.0  0  

   0:READ_CONVINFO: uv  210  0  1  3.0  0  0  0  8.0  6.1  1.4  8.0  0.1E - 5   0 0.0  0.0  0  

   0:READ_CONVINFO: spd 283  0   1  3.0  0  0  0  8.0  6.1  1.4  8.0  0.0      0 0.0  0.0  0  

   0:READ_CONVINFO: dw  999  0 - 1  3.0  0  0  0  8.0  10.0 2.0  8.0  0.0       0 0.0  0.0  0  

   0:READ_CONVINFO: srw 999  0 - 1  2.5  0  0  0 10.0  10.0 1.0 10.0  0.0      0 0.0  0.0  0  

   0:READ_CONVINFO: rw  999  0 - 1  2.5  0  0  0 10.0  10.0 2.0 10.0   0.0       0 0.0  0.0   0 

 

 

Partition background fields into subdomains for parallel analysis. The background is passed 

to each subdomainôs set of processors for calculation. 
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   0:  at 0 in read_wrf_ mass_guess  

   0:  at 0.1 in read_wrf_mass_guess  

   0: at 1 in read_wrf_mass_guess, lm            =    45  

   0: at 1 in read_wrf_mass_guess, num_mass_fields=   194  

   0: at 1 in read_wrf_mass_guess, nfldsig       =     1  

   0: at 1 in read_wrf_mass_guess, n um_all_fields=   194  

   0: at 1 in read_wrf_mass_guess, npe           =    12  

   0: at 1 in read_wrf_mass_guess, num_loc_groups=    16  

   0: at 1 in read_wrf_mass_guess, num_all_pad   =   204  

   0: at 1 in read_wrf_mass_guess, num_loc_groups=    17  

   0: R EAD_WRF_MASS_GUESS:  open lendian_in= 15  to file=sigf03  

   1: READ_WRF_MASS_GUESS:  open lendian_in= 15  to file=sigf03  

   0: ifld, temp1(im/2,jm/2)=     1    0.93586E+05  

 
   2: ifld, temp1(im/2,jm/2)=    15    0.30509E+03  

   3: ifld, temp1(im/2,jm/2)=    16    0.30638E+03  

  10:  in read_wrf_mass_guess, min,max(soil_moi)= 0.00E+00 0.00E+00  

 
  10:  in read_wrf_mass_guess, min,max(isli)= 1 1  

 

 

Read in CRTM coefficients from fix file: 
 

   0: Read_SpcCoef f_Binary(INFORMATION) : FILE: amsua_n15.SpcCoeff.bin;  

   0: SpcCoeff RELEASE.VERSION:  7.01  N_CHANNELS=15  

   0: Read_SpcCoeff_Binary(INFORMATION) : FILE: amsub_n15.SpcCoeff.bin;  

   0: SpcCoeff RELEASE.VERSION:  7.01  N_CHANNELS=5  

 
   0: Read_SpcCoeff_Binary(INFORMATION) : FILE: hirs3_n16.SpcCoeff.bin;  

   0: SpcCoeff RELEASE.VERSION:  7.01  N_CHANNELS=19  

   0: Read_SpcCoeff_Binary(INFORMATION) : FILE: amsua_n16.SpcCoeff.bin;  

   0: SpcCoeff RELEASE.VERSION:  7.01  N_CHANNELS=1 5 

   0: EmisCoeff RELEASE.VERSION:  2.01  N_ANGLES= 67  N_FREQUENCIES= 153  N_WIND_SPEEDS= 23  

 

 

Read in all observations. Each processor reads one variable from observation files: 
 

   0:  nlat,nlon =  0 0 64 69  

   0:  nlat,nlon =  64 69 64 69  

   0: CONVERR:  using observation errors from user provided table  

  10:SKIP_READ    : file=ssmirrbufr type=pcp_ssmi   sis=pcp_ssmi     nread=  0  

ithin= - 1  rmesh=120.000  ndata=     0  ntask=  1  lexist=      F  

 
  11: READ_AIRS:  airs offset   792 921 129  

   9:SKIP_READ    : file=gimgrbufr  type=goes_img   sis=imgr_g11     nread=  0  

ithin= 1  rmesh=120.000  ndata=     0  ntask=  1  lexist=      F  

   5: READ_RADAR:  set vad_leash,xscale= 0.299999 20000.00000  

 
   6: READ_LIDAR: bufr file date is  2007 12 20 0  

  11: READ_AIRS:     bufr file date is  2007 12 20 0  

   5: READ_RADAR:  first read vad winds -- use vad quality marks to qc 2.5/3 radar winds  

   5: READ_RADAR:  vad wind bufr file date is  2007 12 20 0  

   1: READ_P REPBUFR: bufr file date is  2007 12 20 0  

   9: READ_BUFRTOVS: bufr file date is  2007 12 20 0 mhsbufr        

   5: n,lat,lon,qm=  1   47.04  246.01   - 9 - 9 - 9 - 9 - 9 - 9 - 9 - 9  2  3 - 9  3 - 9  2 - 9 

   5:  errzmax= 0.400000000000147793  

   4: READ_PREPBUFR: mes sages/reports =  872 / 97301  ntread =  1  

   4: READ_PREPBUFR:  closbf( 13 )  

 
   4:SKIP_READ    : file=hirs2bufr  type=hirs2      sis=hirs2_n14    nread=  0  

ithin= 1  rmesh=120.000  ndata=     0  ntask=  1  lexist=      F  

   4:  READ_BUFRTOVS: bufr file date is  2007 12 20 0 amsuabufr      
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   8:READ_PREPBUFR: file=prepbufr   type=pw         sis=pw           nread= 802  

ithin= 0  rmesh=120.000  ndata=    90  ntask=  1  lexist=      T  

   5: READ_RADAR: # hgt belowsta= 0  

 
   5: fit of 2, 2.5, 3 data to vad station, lat, lon = 0508MSX    47.04    246.01  

   5: h,f2,f2.5,f3=    305      0.00/    0      0.00/    0      0.00/    0  

   5: CHECK_ROTATE_WIND:  called from routine read_radar  

   5:   beta_diff_mass,m in,rms(deg)   = 0.64918174E - 08  0.38166E - 13  0.30157E - 08 

   5:   count_beta_diff,count_beta_diff_gt_20=  116948.000000       0.00000000000     

   5:   beta_diff_max_gt_20(deg)             =               - INF  

 
   5: READ_BUFRTOVS: bufr file date is  2007 12 20 0 hirs3bufr      

   5:READ_BUFRTOVS: file=hirs3bufr  type=hirs3      sis=hirs3_n16    nread= 2394  

ithin= 1  rmesh=120.000  ndata=       798  ntask=  1  lexist=      T  

   5: READ_BUFRTOVS: bufr file date is  2007 12 20 0 am subbufr      

 
   3: READ_GOESNDR:  bufr file date is  2007 12 20 0  

   3:READ_GOESNDR : file=gsnd1bufr  type=sndrd1     sis=sndrD1_g13   nread=   0  

ithin= 5  rmesh=120.000  ndata=         0  ntask=  3  lexist=      T  

 

 

Partition observations into subdomains. Shown below is a summary of observation 

distribution by giving observation numbers of each observed variable in all subdomains. 

(see Section 4.4 for more information): 
 

   0:OBS_PARA: ps                25     106     172     165     284     538     341      338  

   0:                    203    368     413     725  

   0:OBS_PARA: t                 25     174     294     264     419     697     583     541  

   0:                    371    692     893    1158  

   0:OBS_PARA: q                 25     173     287     253     391     664     557     537  

   0:                    334    676     855    1072  

   0:OBS_PARA: uv                74     398     358     445     818    1189    1916    1188  

   0:                    461   1029    1779    1457  

   0:OBS_PARA: rw                 0     140      23      25    1134     733      47        4 

   0:                    385   1056     303     121  

   0:OBS_PARA: sst                0       0       0       0      12       0       0       0  

   0:                     35      6       0       0  

   0:OBS_PARA: pw                 0       5       4      11      14      18       7       5  

   0:                      6     21       5       4  

   0:OBS_PARA: hirs3     n16     12      10      13      10       0       0       0       0  

   0:                      0      0       0       0  

   0:OBS_PARA: amsua     n15     70      78      78      67      28      40      54      60  

   0:                     53     79      90      83  

   0:OBS_PARA: amsua     n16      7       9       8       8       0       0       0       0  

   0:                      0      0       0       0  

   0:OBS_PARA: amsub     n15     86      94      98      89      63      86     106      97  

   0:                     86     94     100      94  

   0:OBS_PARA: amsub     n16     19      16      17      17       0       0       0       0  

   0:                      0      0       0       0  

   0:OBS_PARA: sndrd1    g12      0       0       0       0       1       0       0       0  

   0:                     16       0       0       0  

   0:OBS_PARA: sndrd2    g12      0       0       0       0       0       0       0       0  

   0:                     17      0       0       0  

   0:OBS_PARA: sndrd3    g12      0       0       0       0       3       0       0       0 

   0:                     18      0       0       0  

   0:OBS_PARA: sndrd4    g12      0       0       0       0       1       0       0       0  

   0:                     17      0       0       0  

 

Computer observation innovation and save diagnosis information in the first outer loop: 
 

   0: COMPUTE_DERIVED:  stats of RH= 3920 0.3594482E - 01 0 0.000E+00 198720  

   0: SETUPRAD:  write header record for hirs3_n16            26 0  to file 

dir.0000/hirs3_n16_01  2007 12 20 0 0  
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   0: SETUPRAD:  write header record for amsua_n15            26 0  to file 

dir.0000/amsua_n15_01  2007 12 20 0 0  

 

 

Inner iteration in the first outer loop. In this case, the maximum iteration number is 50: 
 

   0: GLBSOI:  START pcgsoi  

   0: penalty,grad ,a,b=    1   0 0.160014047732364506E+05 

0.724764165295960149E+06 0.132279098881142977E - 02 0.000000000000000000E+00  

   0: pnorm,gnorm, step?   1   0 0.100000000000E+01 0.10000000000E+01 good  

   0: penalty,grad ,a,b=   1   1 0.150427003330115986E+05 

0.60835922245 1359266E+06 0.124401271687548894E - 02 0.839381517112659403E+00  

   0: pnorm,gnorm, step?   1   1 0.940086232815E+00 0.83938982252E+00 good  

 
   0: penalty,grad ,a,b=   1  50 0.101445288825233256E+05 

0.140367762858136507E+04 0.1333 83109265039967E - 02 0.121192502660995394E+01  

   0: pnorm,gnorm, step?   1  50 0.6339773930E+00 0.1936737073672E - 02 good  

 

 

Inner iterations in the second outer loop. In this case, the maximum iteration number is 50: 
 

   0: COMPUTE_DERIVED:  stats of RH= 359 2 0.356191514382816418E - 01 0 

0.000000000000000000E+00 198720  

   0: SETUPRAD: all obs var > 1e4.  do not use data from satellite is=hirs3_n16  

   0: SETUPRAD: all obs var > 1e4.  do not use data from satellite is=amsua_n16  

   0: GLBSOI:  START pcgsoi  

   0:  penalty,grad ,a,b=   2   0 0.112097490891120287E+05 

0.541225422646653969E+05 0.168936207659496260E - 02 0.000000000000000000E+00  

   0: pnorm,gnorm, step?   2   0 0.700547811143E+00 0.746760737578E - 01 good  

   0: penalty,grad ,a,b=   2   1 0.1111831748220580 63E+05 

0.763787031306470744E+05 0.117140454278997662E - 02 0.141120664133322404E+01  

   0: pnorm,gnorm, step?   2   1 0.694833837381E+00 0.105384215704E+00 good  

 
   0: penalty,grad ,a,b=   2  50 0.106096953893577775E+05 

0.85654677 2997664050E+02 0.402165134361567519E - 02 0.545188360346889223E+00  

   0: pnorm,gnorm, step?   2  50 0.66304774730 4E+00 0.118182826089E - 03 good  

 

 

Compute observation innovation and save diagnosis information at the end of optimal 

iteration: 
 

   0: COMPUTE_DERIVED:  stats of RH= 3604 0.35886E - 01 0 0.00 198720  

   0: SETUPRAD:  write header record for hirs3_n16            26 0  to file 

dir.0000/hirs3_n16_03  2007 12 20 0 0  

   0: SETUPRAD:  write header record for amsua_n15            26 0  to file 

dir.0000/amsua _n15_03  2007 12 20 0 0  

 

 

Save analysis results. Again, only part of variable T is shown and all other variables are 

listed according to variable name in netcdf file (rmse_var  = é). The maximum and 

minimum valuses are useful information for a quick check of reasonable analysis: 
 

   0:  at 2 in wrwrfmassa  

   0:  at 3 in wrwrfmassa  

   0:  at 6 in wrwrfmassa  

   0:  iy,m,d,h,m,s= 2007 12 20 0 0 0  

   0:  nlon,lat,sig_regional= 69 64 45  

   0:  rmse_var=P_TOP  

   0:  rmse_var=MUB  

   0:  max,min MUB= 95000.00000 604 22.49219  

   0:  max,min psfc= 101739.3828 66620.56250  
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   0:  max,min MU= 2122.093750 563.3750000  

   0:  rmse_var=MU  

   0:  k,max,min,mid T= 1 309.9662170 264.3839417 291.2131348  

   0:  k,max,min,mid T= 2 310.6428223 269.5180664 296.4952698  

 
   0:  k,max,min,mid T= 44 497.3491821 457.7893372 477.8612671  

   0:  k,max,min,mid T= 45 509.5889282 475.4258728 494.6583557  

   0:  rmse_var=T  

   0:  rmse_var=QVAPOR  

   0:  rmse_var=U  

   0:  rmse_var=V  

   0:  rmse_var=SMOIS  

   0:  rmse_var=XI CE 

   0:  rmse_var=SST  

   0:  rmse_var=TSK  

 

The end of GSI analysis (a successful analysis must reach this end, but to reach this end is 

not neccessary a successful analysis): 
 

   0:     ENDING DATE - TIME    APR 28,2009  15:01:38.536  118  TUE   2454950  

   0:     PROGRAM GSI_ANL HAS ENDED.  IBM RS/6000 SP  

   0:* . * . * . * . * . * . * . * . * . * . * . * . * . * . * . * . * . * . * .  

 

4.2 Single Observation Test 

 

A single observation test is to perform a GSI run with only one (pseudo) observation at a 

specific location of the analysis domain. By examining the analysis increments, one can 

visualize the important features of the analysis, such as the ratio of background and 

observation variance and the pattern of background error covariance. So, single observation 

test is the first check that users should do after successfully installing GSI.  

 

4.2.1 Setup a single observation test: 

 

To perform the single observation test with GSI, the following GSI namelist variables need 

to be set, which should be done through editing the run script:  

under SETUP section, turn on the single observation test: 

oneobtest=.true.,  

under SINGLEOB_TEST section, set up single observation features like: 

maginnov=1.0,  

magoberr=1.0,  

oneob_type=' t ',  

oblat=20.,  

oblon=285.,  

obpres=850.,  

obdattim=  2007081500,  

obhourset=0.,  

Note: 

¶ Please check Section 3.4 for the explanation of each parameter. From these 

parameters, we can see that an usful observation in the analysis should include 

information like the observation type (oneob_type ), value (maginnov ), error 
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(magoberr ), location (oblat ,  oblong, obpres ) and time (obdattim , 

obhourset ).  

¶ In analysis, GSI first generates a prepbufr file including only one observation based 

on the information given in the namelist. To generate this prepbufr file, GSI needs 

to read in a PREPBUFR TABLE (PREPBUFR_MNEUMONIC_table), which is not 

needed in case of a GSI analysis with real observations. The table can be found in 

fix/ directory and needs to be copied to the run directory. Please check if the 

following lines are in the GSI run script before running the single observation test: 
 

bufrtable=${FIX_ROOT}/prepobs_prep.bufrtable  

cp $bufrtable ./prepobs_prep.bufrtable  

 

4.2.2. Examples of single observation tests for GSI 

 

To give users a taste of  the single observation test, a single temperature observation 

(oneob_type=' t ' ) with 1 degree innovation (maginnov=1.0 ) and 1 degree 

observation error (magoberr=1.0 ) was used to perform the test. This single observation 

was located at the center of the domain. The results are shown with figures of the 

horizontal and vertical cross sections through the point of maximum analysis increment.  

 

 
Horizontal cross section of analysis increment from a single T observation 
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Vertical cross section of analysis increments from a single T observation  

 

4.3 Control Data Usage 

 

Observation data used in GSI analysis are controlled by two parts of the GSI system: 

 

1. In GSI namelist, section OBS_INPUT: 

 

In this namelist section, observation files (dfile) are linked to the observed variables used in 

GSI analysis (dtype), for example:. 

 
   dfile(01)='prepbufr',  dtype(01)='ps',        dplat(01)=' ',         dsis(01)='ps'  

   dfile(02)='prepbufr'   dtype(02)='t',         dplat(02)=' ',         dsis(02)='t',  

   dfile(27)='amsuabufr', dtype(27)='amsua ',     dplat(27)='n15',       dsis(27)='amsua_n15',  

   dfile(28)='amsuabufr', dtype(28)='amsua',     dplat(28)='n16',       dsis(28)='amsua_n16',  

 

Here, conventional observation ñpsò and ñtò will be read in from file prepbufr and AMSU-

A radiances from NOAA 15 and 16 satellite will be read in from amsuabufr. Deleting these 

lines in OBS_INPUT or making the observation files not available (empty file in the run 

script) will turn off the use of these observation data in the GSI analysis. 

 

Also, GSI has default observation file named for different observations (like prepbufr for 

conventional observations). All observation files need to link to the working directory with 

the default names. Usually, a run script does these links after locating the working directory 
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and turning on or off these links can also control the use of data. Please see Section 3.1 for 

a list of default observation file names in GSI and the corresponding observations. 

 

2. Use info files 

 

For each variable, the observation can come from multiple platforms (data types). Fro 

example, surface pressure (ps) can come from METAR observation station (data type 187) 

and Rawinsonde station (data type 120). There are several files named like *info in GSI 

system to control the usage of observations based on data type. Here is a list of info files 

and their function: 

 

 

convinfo Control the usage of conventional data, including ps, t, q, pw, sst, 

uv, spd, dw, radial wind (Level 2 and 2.5), gps_ref 

ozinfo Control the usage of ozone data, including sbuv6,7,8 from NOAA 

14, 17,18. omi_aura, gome_metop-a 

 pcpinfo Control the usage of precipitation data, including pcp_ssmi, 

pcp_tmi 

 satinfo Control the usage of satellite data. Instruments include amsua, 

amsub, hirs3, et cl and satellites include NOAA 16, 17, 18, aqua, 

GOES 13, METOP-A et cl 

 

 

The head of each info file has an explanation of the content of the file. Here we show the 

part of the content of convinfo as an example. 

 
otype   type  sub iuse twindow numgrp ngroup nmiter gross ermax ermin var_b var_pg      ithin rmesh npred  
 ps     111    0   - 1     1.5      0      0      0   5.0   3.0   1.0  10.0  0.000          0    0.     0  
 ps     120    0    1     1.5      0      0      0   5.0   3.0   1.0  10.0  0.000          0    0.     0  
 ps     132    0   - 1     1.5      0      0      0   5.0   3.0   1.0  10.0  0.000          0    0.     0  
 ps     180    0    1     1.5      0      0      0   5.0   3.0   1.0  10.0  0.000          0    0.     0  
 ps     181    0    1     0.25     0      0      0   5.0   3.0   1.0  1 0.0  0.000          0    0.     0  
 ps     182    0    1     1.5      0      0      0   5.0   3.0   1.0  10.0  0.000          0    0.     0  
 ps     183    0   - 1     0.25     0      0      0   5.0   3.0   1.0  10.0  0.000          0    0.     0  
 ps     187    0    1     0.25     0      0      0   5.0   3.0   1.0  10.0  0.000          0    0.     0  
 ps     188    0   - 1     0.25     0      0      0   5.0   3.0   1.0  10.0  0.000          0    0.     0  
 t      120    0    1     1.5      0      0      0   7.0   5.6   1.3  10.0  0.000          0    0.     0  
 t      126    0   - 1     1.5      0      0      0   7.0   5.6   1.3  10.0  0.000          0    0.     0  
 t      130    0    1     1.5      0      0      0   7.0   5.6   1.3  10.0  0.000          0    0.     0  
 t      131    0    1     1.5      0      0      0   7.0   5.6   1.3  10.0  0.000          0    0.     0  
 t      132    0    1     1.5      0      0      0   7.0   5.6   1.3  10.0  0.000          0    0.     0  
 t      133    0    1     1.5      0      0      0   7.0   5.6   1.3  10.0  0.000          0    0.     0  
 t      134    0   - 1     1.5      0      0      0   7.0   5.6   1.3  10.0  0.000          0    0.     0  
 t      135    0   - 1     1.5      0      0      0   7.0   5.6   1.3  10.0  0.000          0    0.     0  
 t      180    0    1     1.5      0      0      0   7.0   3.0   1.0  10.0  0.000          0    0.     0  
 t      181    0    1     0.25     0      0      0   5.0   3.0   1.0  10.0  0.000          0    0.     0  
 t      182    0    1     1.5      0      0      0   5.0   3.0   1.0  10.0  0.000          0    0.     0  
 t      183    0    1     0.25     0      0      0   5.0   3.0   1.0  10.0  0.000          0    0.     0  
 t      187    0    1     0.25     0      0      0   5.0   3.0   1.0  10.0  0. 000          0    0.     0  
 t      188    0   - 1     0.25     0      0      0   5.0   3.0   1.0  10.0  0.000          0    0.     0  
 q      111    0   - 1     1.5      0      0      0   7.0  75.0   5.0  10.0  0.000          0    0.     0  
 q      120    0    1     1.5      0      0      0   7.0  50.0   5.0  10.0  0.000          0    0.     0 
 q      130    0   - 1     1.5      0      0      0   7.0  50.0   5.0  10.0  0.000          0    0.     0  
 q      131    0   - 1     1.5      0      0      0   7.0  50.0   5.0  10.0  0.000          0    0.     0  
 q      132    0    1     1.5      0      0      0   7.0  50.0   5.0  10.0  0.000          0    0.     0  
 q      133    0   - 1     1.5      0      0      0   7.0  50.0   5.0  10.0  0.000          0    0.     0  
 q      134    0   - 1     1.5      0      0      0   7.0  50.0   5.0  10.0  0.000          0    0.     0  
 q      135    0   - 1     1.5      0      0      0   7.0  50.0   5.0  10.0  0.000          0    0.     0  
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The meaning of each column is explained in the head of the file and listed also in the 

following table: 

 

Column 

Name 

Content of the column 

otype observation type (ps, t, uv, q, etc.) 

type prepbufr observation type (if available) 

sub prepbufr subtype (not yet available) 

iuse =1, use data, the data type will be read and used in the analysis after 

quality controls 

=0, read in and process data, use for quality control, but do NOT 

assimilate 

=-1, monitor data. this data type will be read in but not be used in GSI 

analysis 

twindow time window (+/- hours) 

numgrp cross validation parameter - number of groups 

ngroup cross validation parameter - group to remove from data use 

nmiter cross validation parameter - external iteration to introduce removed data 

gross gross error parameter - gross error 

ermax gross error parameter ï maximum error 

ermin gross error parameter ï minimum error 

var_b variational quality control parameter -  b parameter 

var_pg  variational quality control parameter -  pg parameter 

ithin Flag to turn on (ithin=1) horizontal thinning of observation 

rmesh Thinning grid mesh size (in kilometers) 

npred Number of bias correction terms 

 

From this table, we can see column iuse is used to control the usage of data and other 

columns like twindow is for control time window of data usage and gross, ermax and 

ermin are for gross quality control. 

4.4 Domain Partition for Parallelization and Observation Distribution 

 

In the standard output file (stdout), there is an information block that lists information 

regarding each subdomain partition, including domain number (task ), start point 

(istart,jstart ), and dimension of the subdomain (ilat1,jlon1 ). Here is an 

example: 

 
   0:DETER_SUBDOMAIN:  task,istart,jstart,ilat1,jlon1=     1      1      1     81    120  
   0:DETER_SUBDOMAIN:  task,istart,jstart,ilat 1,jlon1=     2     82      1     81    120  
   0:DETER_SUBDOMAIN:  task,istart,jstart,ilat1,jlon1=     3    163      1     81    120  
   0:DETER_SUBDOMAIN:  task,istart,jstart,ilat1,jlon1=     4    244      1     81    120  
   0:DETER_SUBDOMAIN:  task,istart, jstart,ilat1,jlon1=     5      1    121     81    120  
   0:DETER_SUBDOMAIN:  task,istart,jstart,ilat1,jlon1=     6     82    121     81    120  
   0:DETER_SUBDOMAIN:  task,istart,jstart,ilat1,jlon1=     7    163    121     81    120  
   0:DETER_SUBDOMAIN:  t ask,istart,jstart,ilat1,jlon1=     8    244    121     81    120  
   0:DETER_SUBDOMAIN:  task,istart,jstart,ilat1,jlon1=     9      1    241     81    120  
   0:DETER_SUBDOMAIN:  task,istart,jstart,ilat1,jlon1=    10     82    241     81    120  
   0:DETER_SUBDOMAIN:  task,istart,jstart,ilat1,jlon1=    11    163    241     81    120  
   0:DETER_SUBDOMAIN:  task,istart,jstart,ilat1,jlon1=    12    244    241     81    120  
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The standard output file (stdout) also has an information block that shows the distribution 

of different kinds of observations in each subdomain. This block follows the observation 

input section and right before iteration information section. For example, the following is 

the observation distribution of 0000 UTC 15 August 2007 GDAS prepbufr in the test 

domain (the same domain used by the single observation test) using 12 processors. From 

this list, we can see that the domain 4 got most t (868), q (1315) and wind (uv, 5687) 

observations: 

 
      Observation type éééénumber of observations in each subdomain 

              1         2        3         4           5          6        7         8           9         10       11        12 
0:OBS_PARA: ps     0    55   262   481    13    46   191   412    14    57     8    27  
0:OBS_PARA: t      0    52   531   868     1   174   415   630    58   235    21    69  
0:OBS_PARA: q      0   104   630  1315    13   179   389   804    39   205     5    62  
0:OBS_PARA: pw    67    32    48     0    43   105    49    14     0     0     0     0  
0:OBS_PARA: uv  1067  13 27  2366  5687   537   782  1697  1994   441   832   575   847  

0:OBS_PARA: spd   67    32    48     0    43   105    49    14     0     0     0     0  
0:OBS_PARA: sst    0    3     85     0     0     7    64   104     0    17     5    20  

 

 

4.5 Observation and its Innovation 
 

After GSI analysis, there is a group of files named fort.2* containing information on 

observations fitting to current solution (see explanation in next page) in each outer loop. 

The meaning of each of these files is listed in the following table: 

 

File name Variables in file Ranges/units 

fort.201 fit of surface pressure data  Mb 

fort.202 fit of wind data m/s 

fort.203 fit of temperature data K 

fort.204 fit of q data, in per-cent of 

guess q-sat 

fort.205 current fit of precipitation water data Mm 

fort.206 fit of ozone observations from Sbuv2_14, 

sbuv2_16, sbuv2_17, sbuv2_18 

 

fort.207 fit of satellite data including hirs2_n14, msu_n14, 

sndr_g08, sndr_g10, sndr_g12, imgr_g12, 

amsua_n15, amsub_n16, hirs3_n17, amsua_n17, 

amsua_n18, mhs_n18, airs281SUBSET_aqua, 

amsua_aqua, hsb_aqua, avhrr3_n17, avhrr3_n16, 

avhrr3_n18, ssmi_f13, ssmi_f14, ssmi_f15, 

amsre_aqua, ssmis_f16 

 

fort.208 pcp_ssmi, pcp_tmi  

fort.209 rw  

fort.210 dw  

fort.211 srw1, srw2  

fort.212 gps  

fort.213 fit of conventional sst data,  K 
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To help users to understand the information inside these files, the following are some 

examples of the contents in these files and corresponding explanations:  

 

Example of files including single level data (fort.201, fort.205, fort.213) 
     it   obs    type stype    count      bias       rms      cpen     qcpen  

 o- g 01    ps     120 0000        39   - 0.2128    0.7107    0.7547    0.7547  

 

Example of files including multiple level data (fort.202, fort.203, fort.204) 
                              ptop  1000.0  900.0  800.0  600.0  100.0   50.0     0.0  

     it     obs    type styp  pbot  1200.0  999.9  899.9  799.9  149.9   99.9  2000.0  

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

 o- g 01      uv     220 0000 count      49    134    111    258   194    292    2242  

 o- g 01      uv     220 0000  bias   - 0.07   0.43   0.06   0.16  1.73   0.35    0.45  

 o- g 01      uv     220 0000   rms    2.31   1.99   1.87   2.40  5.39   3.67    3.60  

 o- g 01      uv     220 0 000  cpen    0.31   0.30   0.25   0.46  1.39   0.74    0.74  

 o- g 01      uv     220 0000 qcpen    0.31   0.30   0.25   0.46  1.39   0.74    0.74  

 o- g 01      uv rej 220 0000 count       0      0      0     0      0      0     102  

 o- g 01      uv rej 220 00 00  bias    0.00   0.00   0.00   0.00  0.00   0.00    1.51  

 o- g 01      uv rej 220 0000   rms    0.00   0.00   0.00   0.00  0.00   0.00    6.56  

 o- g 01      uv rej 220 0000  cpen    0.00   0.00   0.00   0.00  0.00   0.00    0.00  

 o- g 01      uv rej 220 000 0 qcpen    0.00   0.00   0.00   0.00  0.00   0.00    0.00  

 o- g 01      uv mon 281 0000 count      86     68     12     0      0      0     173  

 o- g 01      uv mon 281 0000  bias   - 0.74   0.22  - 1.62  0.00   0.00   0.00   - 0.40  

 o- g 01      uv mon 281 0000    rms    2.58   2.48   2.59  0.00   0.00   0.00    2.69  

 o- g 01      uv mon 281 0000  cpen    0.72   0.50   0.10  0.00   0.00   0.00    0.57  

 o- g 01      uv mon 281 0000 qcpen    0.72   0.50   0.10  0.00   0.00   0.00    0.57  

num(w) =   3040 at lev  1 upe n,vpen,cupen,cvpen =  1835.3   1652.7  0.60371  0.54365  

num(w) =     15 at lev  2 upen,vpen,cupen,cvpen =  4.4205   7. 6858  0.29470  0.51238  

 

The following table lists the meaning of signs in file fort.201-213: 

 

Name explanation 

It outer loop 

= 01 : observation ï background 

= miter + 1 :observation ï analysis fields 

Obs observation type and usage of the type 

blank: used in GSI analysis 

mon: monitored, (read in but not assimilated by GSI such as 

PW(152), SST(180) and wind 281 (METAR), 284 (SHIP). 

rej: rejected because of quality control in GSI 

Type observation type (see the following table) 

Stype observation subtype 

Count How many observations within the time and domain of GSI analysis 

Bias Bias of O-B for each it 

Rms Root Mean Square of O-B for each it  

cpen 
 Observation part of penalty =

2

error

o g

O

å õ-
æ ö
ç ÷

 

qcpen 
nonlinear qc penalty = 

2
0

1
( )

2
_

Hx y

not gross grossw e w
- -

+  

 

The complete list of observation types can be found from the table under the link: 

 

http://www.emc.ncep.noaa.gov/mmb/data_processing/prepbufr.doc/table_2.htm 

http://www.emc.ncep.noaa.gov/mmb/data_processing/prepbufr.doc/table_2.htm
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Here we give a simplified table for the most commonly used data types: 

 

Observation data used by GSI  

MASS REPORT : T, q, Ps 

Observation Type  Code 

Rawinsonde+ Dropsonde 120+182 

Synop+ METAR 181+187 

Ship+BUOY 180 

AIRCFT 130  AIREP and PIREP aircraft 

ADPUPA 132  flight level reconnaissance and profile dropsonde 

  

WIND REPORT: UV and speed 

Observation Type  Code 

Rawinsonde 220 

Profiler 223 

VAD 224 

AIRCFT 230: AIREP and PIREP aircraft flight level 

reconnaissance and profile dropsonde 

ADPUPA 232 

SATWIND 245-NESDIS IR cloud drift 

246-NESDIS imager water vapor 

Ship+ BUOY 280 

ATLAS BUOY 282 

QKSWND 285:superobed scatterometer winds over ocean 

SPSSMI 283: SSM/I superobed neural net 3 wind speed over ocean 

 
(for more detailed information on the file, please check the content of array cdiagbuf and rdiagbuf  

in one of the setup subroutines for conventional data, for example, setupt.f90) 

 

4.6 Convergence Information  

 

There are two ways to check the convergence information for each iteration of GSI: 

 

1. Standard output file (stdout): 

 

The value of the cost function and norm of the gradient for each iteration are listed in the 

file stdout.  

 

Here is an example showing the first two iterations from the first outer loop: 

 
   0: GLBSOI:  START pcgsoi 

   0: penalty,grad ,a,b=   1   0 0.25514371327E+05 0.512282017607E+06 0.354954116E-02 0.000000000000E+00 

   0: pnorm,gnorm, step?   1   0 0.100000000000000000E+01 0.100000000000000000E+01 good 
 

   0: penalty,grad ,a,b=   1   1 0.23696747080E+05 0.498287347264E+06 0.388443005E-02 0.97237404656699E+00 

   0: pnorm,gnorm, step?   1   1 0.928760766847063435E+00 0.972681706828653736E+00 good 
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Here are the first two iterations from the second outer loop: 

 
   0: GLBSOI:  START pcgsoi 

   0: penalty,grad ,a,b=   2   0 0.14137571036456E+05 0.33548729980157E+03 0.89849960545136E-02 0.0000000000000E+00 
   0: pnorm,gnorm, step?   2   0 0.554102268671971876E+00 0.654887909922018097E-03 good 

 

   0: penalty,grad ,a,b=   2   1 0.1413467820611E+05 0.74054583952739E+03 0.484103388024451E-02 0.21703693167838E+01 
   0: pnorm,gnorm, step?   2   1 0.553988888244024813E+00 0.144558234346391914E-02 good 

 

The meaning of names used in stdout is explained in the following: 

penalty: the cost function of all observations and background 

grad:  inner product of gradients (norm of the gradient (Y*X)) 

a:  stepsize (Ŭ) 

b:  parameter to estimate the new search direction  

pnorm: 
penalty

 
penalty of the first step of the loop

 

gnorm: 
grad

  
grad of the first step of the loop

 

 

2. Convergence information in file fort.220: 

 

In file fort.220, users can find more detailed information about each iteration. We will 

use the first two iterations as an example to explain the meaning of each value: 
 

J= 0.000000000000000000E+00 0.000000000000000000E+00 0.000000000000000000E+00  
    0.000000000000000000E+00 0.111428969204742752E+05 0.262756287766784135E+04  
    0.256346518803503204E+04 0.921301367380113305E+02 0.244005730835839540E+04  
    0.000000000000000000E+00 0.000000000000000000E+00 0.000000000000000000E+00  
    0.000000000000000000E+00 0.000000000000000000E+00 0.000000000000000000E+00  
    0.000000000000 000000E+00 0.000000000000000000E+00 0.000000000000000000E+00  
    0.253237990246203207E - 01 0.225585966101596478E+04  
 S= 0.000000000000000000E+00 0.000000000000000000E+00 0.000000000000000000E+00  
    0.000000000000000000E+00 0.162528414885902070E - 01 0.117476 084216848950E - 01 
    0.316229824039237287E - 01 0.259027408146704427E - 01 0.101737895310031919E - 01 
    0.000000000000000000E+00 0.000000000000000000E+00 0.000000000000000000E+00  
    0.000000000000000000E+00 0.000000000000000000E+00 0.000000000000000000E+00  
    0.000000000000000000E+00 0.000000000000000000E+00 0.000000000000000000E+00  
    0.129860250881605726E - 01 0.503725231191020084E - 01 
 b= 0.000000000000000000E+00 0.000000000000000000E+00 0.000000000000000000E+00  
    0.000000000000000000E+00 0.971995112925303 053E+05 0.104403314778428027E+06  
    0.123405295441989864E+05 0.118048939255535951E+04 0.469484337000368536E+05  
    0.000000000000000000E+00 0.000000000000000000E+00 0.000000000000000000E+00  
    0.000000000000000000E+00 0.000000000000000000E+00 0.000000000 000000000E+00  
    0.000000000000000000E+00 0.000000000000000000E+00 0.000000000000000000E+00  
    0.363116153501481906E - 02 0.280032257076925811E+05  
c= 0.274646494340081034E+06 0.154290137065616671E+05 0.000000000000000000E+00  
    0.000000000000000000E+00 0. 598046263853407677E+07 0.888719737931595348E+07  
    0.390239269230589503E+06 0.455739182583632231E+05 0.461464565951242773E+07  
    0.000000000000000000E+00 0.000000000000000000E+00 0.000000000000000000E+00  
    0.000000000000000000E+00 0.000000000000000000E +00 0.000000000000000000E+00  
    0.000000000000000000E+00 0.000000000000000000E+00 0.000000000000000000E+00  
    0.279620708443368712E+00 0.555922633485741436E+06  
 stepsize estimates = 0.100000005E - 03 0.1397003802E - 01 0.139700381889E - 01 
 stepsize guesses = 0.000E+00 0.900E - 04 0.100E - 03 0.1100E - 03 0.691517E - 02 0.13830E - 01 0.  

139700E - 01 0.141097E - 01 
 penalties  = 0.0000E+00 - .5204E+02 - .5780E+02 - .6356E+02 - .3018E+04 - .4051E+04 - .4052E+04  

- .405196E+04  
 penalty,grad ,a,b=   1   0 0.21121997416E+05 0.290075508E +06 0.13970038E - 01 0.000000E+00  
 pnorm,gnorm, step?   1   0 0.100000000000000000E+01 0.100000000000000000E+01 good  
 
J= 0.536005500651932252E+02 0.301115666384976288E+01 0.000000000000000000E+00  
    0.000000000000000000E+00 0.959429400322982474E+04 0.14449 6921037476955E+04  
    0.229482971340231279E+04 0.680414684836899397E+02 0.202891780890388304E+04  
    0.000000000000000000E+00 0.000000000000000000E+00 0.000000000000000000E+00  
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    0.000000000000000000E+00 0.000000000000000000E+00 0.000000000000000000E+00  
    0.000000000000000000E+00 0.000000000000000000E+00 0.000000000000000000E+00  
    0.252315443785666033E - 01 0.158194235050885663E+04  
S=- 0.844136664718909448E - 02- 0.109277479850068571E - 01 0.000000000000000000E+00  
    0.000000000000000000E+00 0.145255579520758 085E- 01 0.140942656934127178E - 01 
    0.164547894269323931E - 01 0.983148851649185036E - 02 0.729670757288305993E - 02 
    0.000000000000000000E+00 0.000000000000000000E+00 0.000000000000000000E+00  
    0.000000000000000000E+00 0.000000000000000000E+00 0.000000000 000000000E+00  
    0.000000000000000000E+00 0.000000000000000000E+00 0.124646812905146401E - 01 
    0.257960556261397245E+00 0.227665078852444351E - 01 
 b=- 0.241560612470515508E+04 - 0.149536205489314641E+03 0.000000000000000000E+00  
    0.000000000000000000E+00 0 .603035955843403170E+05 0.331529728663227168E+05  
    0.257881198854029354E+04 0.109470614024301719E+04 0.570878360490619409E+05  
    0.000000000000000000E+00 0.000000000000000000E+00 0.000000000000000000E+00  
    0.000000000000000000E+00 0.000000000000000000 E+00 0.000000000000000000E+00  
    0.000000000000000000E+00 0.000000000000000000E+00 0.560351687182283700E+00  
    0.148294938871532173E - 01 0.319646218614767550E+05  
 c= 0.286162919544494853E+06 0.136840825478847101E+05 0.000000000000000000E+00  
    0.00000000 0000000000E+00 0.415155106490917908E+07 0.235223129657741089E+07  
    0.156721056807899374E+06 0.111346937791434143E+06 0.782378017466657382E+07  
    0.000000000000000000E+00 0.000000000000000000E+00 0.000000000000000000E+00  
    0.000000000000000000E+00 0.00 0000000000000000E+00 0.000000000000000000E+00  
    0.000000000000000000E+00 0.000000000000000000E+00 0.449551556210827118E+02  
    0.574874473139457666E - 01 0.140401953705837574E+07  
 stepsize estimates = 0.1397003818894E - 01 0.112652230603E - 01 0.1126521971586E - 01 
 stepsize guesses = 0.0000E+00 0.125E - 01 0.1397E - 01 0.1536E - 01 0.5576E - 02 0.1115E - 01 0.  

112652E - 01 0.113779E - 01 
 penalties        = 0.0000E+00 - .20406E+04 - .194924E+04 - .179425E+04 - .154097E+04  

 - .2068E+04 - .206849E+04 - .206828E+04  
 penalty,grad ,a,b=   1   1 0.170696314E+05 0.18361741E+06 0.1126521E - 01 0.63299869E+00  
 pnorm,gnorm, step?   1   1 0.808144758136126073E+00 0.632998692026741860E+00 good  
 

For each inner iteration, there are 9 different outputs:  

1) ï 4), detailed information on the cost function (J), the stpx (S=bpen(i)/cpen(i)), 

bpen (b), cpen (c). There are 20 items listed in each and the meaning of these 

items is: 
1  contribution from background  

2  contribution from bias coeff. background term  

3  contribution from precip. bias correction background 

term  

4  contribution from dynamic constraint term (Jc)  

 

5  contribution from wind observation term  

6  contribution from satellite radiance observation 

term  

7  contribution from temperature observation term  

8  contribution from precipitable water  obs. term  

9  contribution from specific humidity obs.term  

10 contribution from ozone obs. term  

11 contribution from doppler lidar wind  

12 contribution from doppler radar wind  

13 contribution from radar superob wind  

14 contribution from GPS local observati ons  

15 contribution from conventional sst  

16 contribution from wind speed obs. term  

17 contribution from precipitation term  

18 contribution from negative moisture constraint term  

19 contribution from excess moisture term  

20 contribution from surface pressu re observation term!  

Also, it is suggested that the users check stpcalc.f90 for the code including the 

above information. 

5),  information on the step size estimates 
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6),  information on the stepsize guesses 

7),  information on the penalties 

8) and 9), information on the cost function and gradient which match the 

information in the stdout file. 

 

To evaluate the convergence of the iteration, we usually make some plots based on the 

above information, such as the value of cost function and the norm of the gradient. The 

following is an example of the plots showing the evolution of cost function and the norm of 

gradient in different outer loops: 
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Evolution of the norm of gradient in the first outer loop 

 

 
Evolution of the norm of gradient in the second outer loop 

 

4.7 Analysis Increments  

 

Analysis increments are defined as the fields of analysis minus background. A plot of 

analysis increments can help users to understand how the analysis procedure modifies the 

background fields according to observations, errors (background and observation), and 

other constraints. You must calculate wrfanl.(time)ïwrfges.(time) and plot difference field. 

 

4.8 Running Time and Memory Usage 

 

Other than analysis increments, running time and memory usage are other important 

features of an analysis system, especially for operational code like GSI. 

  

Some computer operating system gives CPU, Wall time, and memory usage after the job 

has completed but an easy way to determine how much wall time is used for the GSI is to 

check the time tag between the files generated at the beginning and the end of the run, for 

example: 

Wall time of GSI analysis = time of wrfanl.2007081500 - time of convinfo


































