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Outline 
�  EnKF fundamentals (1): Compilation, Configuration & Run 
�  EnKF fundamentals (2a): Diagnostics 
�  EnKF fundamentals (2b): Applications 

! The important steps to run a EnKF case 
! Key points to check in each step 
! Ensure the GSI observer and EnKF runs were successful! 

�  This talk is tailored to Chapter 5 of the EnKF User’s Guide for 
community release v1.0 and builds on knowledge from: 

 ‘EnKF Fundamentals (1): Compilation, Configuration & Run’  

‘EnKF Fundamentals (2a): Diagnostics’  
… as well as GSI Fundamentals (1-5)! 
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Run a EnKF case 
�  Steps to running a successful EnKF Analysis: 

1.  Obtain background ensemble 
2.  Grab desired observation data 

3.  Modify GSI run script to properly link observation data and ensembles 
4.  Run GSI observer and check run status 
5.  Check completion (stdout), existence of diag* files for ensemble member/mean 

6.  Modify run script for EnKF 
7.  Run EnKF and check run status 
8.  Check completion (stdout) 
9.  Check analysis increment, ensemble spread (some DTC graphics utilities available) 

 
"  This case study available at: 
       http://www.dtcenter.org/EnKF/users/tutorial/online_tutorial/index_enkfv1.0.php 

 (ARW practice case) 
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GSI observer 

EnKF analysis 



Step 1 and 2: Case data 
�  Cases using WRF-ARW   
�  Land mask (shown below) of the background used in case study 
�  Horizontal resolution 45-km & 50 vertical sigma levels 

� Coarse resolution to minimize computational requirements 
 

1)  Background files include:  
 Ensemble Mean: wrfarw.ensmean 

    Ensemble Members: wrfarw.memNNN (NNN:0-20) 
 

2)  Real-time and archived observation data available 

 

�  Case Study data available at:  
http://www.dtcenter.org/EnKF/users/tutorial/online_tutorial/enkfv1.0/download.php 
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Fig 1: Case study background 



Step 1 and 2: Case 
�  Sample Case: Strong Winter Extra-tropical Cyclone 

�  February 13, 2014 00Z 
 

 

 

5 Images courtesy of NOAA/NWS/SPC 



GSI Observer 
1.  Modify GSI run script to properly link observation data and ensembles 
2.  Run GSI observer and check run status 
3.  Check completion (stdout), existence of diag* files for ensemble member/

mean 

"  This case study available at: 
http://www.dtcenter.org/EnKF/users/tutorial/online_tutorial/index_enkfv1.0.php 
ARW Example 



Step 3: GSI Run Script  run_gsi_regional.ksh 

�  Set up GSI observer run script following ‘EnKF Configure/Run’ talk 
�  Set paths to data, exe, fix files, etc: 

 

Experimental Setup 
WORK_ROOT=/scratch/regional/gsidiag_${ANAL_TIME} 

BK_FILE=/scratch/enkfdata/bk/wrfarw.ensmean 

OBS_ROOT=/scratch/enkfdata/obs/2014021300 

PREPBUFR=${OBS_ROOT}/gdas1.t00z.prepbufr.tm00.nr 

FIX_ROOT=/home/code/comGSIv3.4-EnKFv1.0/fix 

CRTM_ROOT=/home/code/CRTM/CRTM_REL-2.1.3 

GSI_EXE=/home/code/comGSIv3.4-EnKFv1.0/run/gsi.exe 

bk_core=ARW 

bkcv_option=NAM 

if_clean=clean  
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Location of PREPBUFR data 

Background Ensemble Mean 



Step 3: GSI Run Script  run_gsi_regional.ksh 

�  Set up GSI observer run script following ‘EnKF Configure/Run’ talk 
� Define GSI observer run and ensemble members: 
�  “Switch to turn on GSI observer” 

If_observer=Yes 

No_members=20 

BK_FILE_mem=${BK_ROOT}/wrfarw.mem 
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Number of ensemble members 

Select GSI observer: Selecting this option sets 
miter=0 (no minimization) and changes observation 
processing options 

Background ensemble members (exclude member #) 

�  Namelist generated using comgsi_namelist.sh with GSI observer 
options  (see: EnKF Fundamentals (1a,b): Compile, Configure & Run) 



Step 3: GSI Run Script    run_gsi_regional.ksh 

�  Link observation data for conventional and radiance data: 
�  To add the following radiance BUFR files: 

   AMSU-A:  gdas1.t00z.1bamua.tm00.bufr_d 

   AMSU-B:  gdas1.t00z.1bamub.tm00.bufr_d 

   HIRS4:       gdas1.t00z.1bhrs4.tm00.bufr_d 

�  The location of these data is indicated in OBS_ROOT** 

�  Insert the following data links after PREPBUFR data in run_gsi_regional.ksh: 

  ln -s ${OBS_ROOT}/gdas1.t00z.1bamua.tm00.bufr_d amsuabufr 

  ln -s ${OBS_ROOT}/gdas1.t00z.1bamub.tm00.bufr_d amsubbufr 

  ln -s ${OBS_ROOT}/gdas1.t00z.1bhrs4.tm00.bufr_d hirs4bufr 

�  Keep links to prepbufr when assimilating prepbufr and radiance… 

  ln -s ${PREPBUFR} ./prepbufr 
 

**To ensure correct name for radiance BUFR file, check namelist section &OBS_ROOT: 
dfile(30)='amsuabufr',dtype(30)='amsua',dplat(30)='n17',dsis(30)='amsua_n17',dval(30)=0.0,dthin(30)=2, 
 

�  The AMSU-A observation from NOAA-17 will be read in from BUFR file ‘amsuabufr’ 
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Step 3: GSI Run Script  run_gsi_regional.ksh 

�  Check anavinfo file selected based on core/background error 
covariance: 

 echo ' Use NAM background error covariance’ 

  BERROR=${FIX_ROOT}/${BYTE_ORDER}/nam_nmmstat_na.gcv 

  OBERROR=${FIX_ROOT}/nam_errtable.r3dv 

 if [ ${bk_core} = NMM ] ; then 

     ANAVINFO=${FIX_ROOT}/anavinfo_ndas_netcdf 

  fi 

  if [ ${bk_core} = ARW ] ; then 

     ANAVINFO=${FIX_ROOT}/anavinfo_arw_netcdf 
  fi 

  if [ ${bk_core} = NMMB ] ; then 

     ANAVINFO=${FIX_ROOT}/anavinfo_nems_nmmb 

  fi 

"  Check anavinfo_arw_netcdf in /fix to be sure # vertical levels are consistent with 
background: 
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NetCDF ARW core, NAM 
background error covariance 

met_guess:: 
!var     level    crtm_use    desc              orig_name 
  ps        1      -1         surface_pressure     ps 
  z         1      -1         geopotential_height  phis 
  u        50       2         zonal_wind           u 
  v        50       2         meridional_wind      v 



Step 4: GSI Observer Run Status  
While GSI is still running… 

�  In ${ WORK_ROOT} contents should include: 

imgr_g12.TauCoeff.bin  ssmi_f15.SpcCoeff.bin 

imgr_g13.SpcCoeff.bin  ssmi_f15.TauCoeff.bin 

imgr_g13.TauCoeff.bin  ssmis_f16.SpcCoeff.bin 

"  Indicates CTRM coefficients linked to this run directory 

gsiparm.anl:   GSI namelist  

prepbufr:   PrepBUFR file for conventional observation  

convinfo:   data usage control for conventional data  

satbias_in:   satellite bias correction coefficient file 

satinfo:   data usage and channel control for satellite radiance data 

berror_stats:   background error file  

errtable:   observation error file 
 

"  Indicates run scripts have successfully setup a run environment for the GSI 
observer 
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Step 4: GSI Observer Run Status  
While GSI is still running… 

�  In ${ WORK_ROOT} contents should include: 

obs_input.nnnn  
  

"  Files generated as a result of the namelist options for collective obs selection 
information 

 

pennnn.conv_01 

list_run_directory   

list_run_directory_memnnn   

stdout   

stdout_memnnn 
 

"  Indicates the GSI observer is successfully running, looping through each 
ensemble member 
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One file per ensemble member (nnnn) 
+ ensemble mean 



Step 5: Run Completion 

�  Upon successful completion – the run directory should contain: 
!

diag_conv_ges.ensmean   diag_conv_ges.mem001   diag_conv_ges.mem002 

diag_conv_ges.mem003     diag_conv_ges.mem004    diag_conv_ges.mem005 

diag_conv_ges.mem006   ...    diag_conv_ges.mem020  

 

diag_amsua_metop-a_ges.ensmean  diag_amsua_metop-a_ges.mem001  diag_amsua_metop-a_ges.mem002 

diag_amsua_metop-a_ges.mem003     diag_amsua_metop-a_ges.mem004   diag_amsua_metop-a_ges.mem005 

diag_amsua_metop-a_ges.mem006  ...    diag_amsua_metop-a_ges.mem020 

  

diag_amsua_n18_ges.ensmean  diag_amsua_n18_ges.mem001  diag_amsua_n18_ges.mem002 

diag_amsua_n18_ges.mem003  diag_amsua_n18_ges.mem004  diag_amsua_n18_ges.mem005 

diag_amsua_n18_ges.mem006  ...    diag_amsua_n18_ges.mem020 

  

diag_hirs4_n19_ges.ensmean  diag_amsua_n15_ges.mem001  diag_amsua_n15_ges.mem002 

diag_hirs4_n19_ges.mem003  diag_amsua_n15_ges.mem004  diag_amsua_n15_ges.mem005 

diag_hirs4_n19_ges.mem006  ...    diag_amsua_n15_ges.mem020 
!

�  Once the GSI observer has finished running, diag* files should be 
generated for each observation type for each member as well as the 
ensemble mean 
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! Important! Always check for successful completion of the GSI observer: 
• Completion of the GSI observer without crashing does not guarantee diag* files have been properly generated 



Step 5: Run Completion   

�  Indication GSI started normal 
 state_vectors*init_anasv:   2D-STATE VARIABLES ps          sst 
 state_vectors*init_anasv:  3D-STATE VARIABLES u           v 

 tv          tsen        q           oz          cw          prse 
 state_vectors*init_anasv:  ALL STATE VARIABLES u           v 
 tv          tsen        q           oz          cw          prse 
 ps          sst 

...  
&SETUP 
 GENCODE =   78.0000000000000     , 
 FACTQMIN        =  0.000000000000000E+000, 

 FACTQMAX        =  0.000000000000000E+000, 

... 

  k,max,min,mid T=          1    312.7004      238.3343     273.0790 
  k,max,min,mid T=          2    312.8147      238.8450     273.3524 
  k,max,min,mid T=          3    313.0251      239.7868     273.8565 
  k,max,min,mid T=          4    313.3909      241.4314     274.7360 

  k,max,min,mid T=          5    313.9359      243.8975     276.0528 
          K   Maximum    Minimum  Central grid 14 

 

stdout: Reading in background field 

stdout: Reading in namelist 



Step 5: Run Completion  stdout: Reading in observational data  

READ_OBS:write collective obs selection info to obs_input.common 
OBSERVER_SET:read collective obs selection info from obs_input.common 

 
 

�  In the middle of the stdout file: 
   OBS_PARA: ps                        2352      2572      8367      2673 
   OBS_PARA: t                         4617      4331     12418      4852 
   OBS_PARA: q                         3828      3908     11096      3632 
   OBS_PARA: pw                          89        31       141        23 
   OBS_PARA: uv                        5704      4835     15025      4900 
   OBS_PARA: sst                          0         0         2         0  
 

! This table is important to see if the observations have been read in 
properly. Check for obs_input.common file write/read show same 
observations used for every background ensemble member 
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Observation Type Distribution of observations in each sub-domain 

Ensemble mean Ensemble Members 



Step 5: Run Completion   stdout: observer finalized 

�  As an indication that the GSI observer has successfully run: 
 

observer_final: successfully finalized 

glbsoi: complete 

000]gsisub(): : complete. 

  

    ENDING DATE-TIME    JUL 22,2015  17:57:15.350  203  WEN   2457226 

    PROGRAM GSI_ANL HAS ENDED. 

. * . * . * . * . * . * . * . * . * . * . * . * . * . * . * . * . * . *  

 

•  Note that because the outer loop was set to 0 (miter=0) for the 
GSI observer, no minimization occurred and therefore no 
analysis results were produced. 
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! It can be concluded the GSI observer successfully ran through the 
ensemble mean and each ensemble member.   
! Now generated diag* files are used for EnKF analysis... 



EnKF 
1.  Modify run script for EnKF 
2.  Run EnKF and check run status 
3.  Check completion (stdout) 
4.  Check analysis increment, ensemble spread  

"  This case study available at: 
http://www.dtcenter.org/EnKF/users/tutorial/online_tutorial/index_enkfv1.0.php 
ARW Example 



Step 6: EnKF Run Script    run_enkf_wrf.ksh 

�  Set up regional EnKF run script following ‘EnKF Configure/Run’ talk 
�  Set paths to data, exe, fix files, etc: 

Experimental Setup 
WORK_ROOT=/scratch/regional/enkf_2014021300 
diag_ROOT=/scratch/${user}/GSIv3.4-EnKFv1.0/run/gsidiag_2014021300 
BK_ROOT=/scratch/${user}/casedata/arw_2014021300/bk 
BK_FILE=${BK_ROOT}/wrfarw.ensmean    
FIX_ROOT=/home/code/comGSIv3.4-EnKFv1.0/fix 
CRTM_ROOT=/home/code/CRTM/CRTM_REL-2.1.3 
GSI_EXE=/home/code/comGSIv3.4-EnKFv1.0/run/gsi.exe 
ENKF_EXE=/home/code/comGSIv3.4-EnKFv1.0/src/main/enkf/wrf_enkf 
ENKF_NAMELIST=/home/code/comGSIv3.4-EnKFv1.0/run/enkf_wrf_namelist.sh 
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diag_ROOT: points to working directory where GSI observer was run 
 

BK_FILE: points to the ensemble mean 



Step 6: EnKF Run Script run_enkf_wrf.ksh 

�  Set up regional EnKF run script following ‘EnKF Configure/Run’ talk 
 

Select Ensemble Parameters: 
 NMEM_ENKF=20 

 BK_FILE_mem=${BK_ROOT}/wrfarw.mem 

 NLONS=129 

 NLATS=70 

 NLEVS=50 

 IF_ARW=.true. 

 IF_NMM=.false. 

list="conv amsua_n18 amsua_metop-a amsua_n15" 

 

 

"  Need diag* file generated from GSI observer 

"  Namelist generated using enkf_wrf_namelist.sh 
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Domain specifications, dynamical core 

Number of ensemble members 

List of observations for EnKF 



Step 7: EnKF Run Status   
While EnKF is still running… 

�  In ${ WORK_ROOT} contents should include: 

diag_conv_ges.ensmean   diag_conv_ges.mem001  

diag_amsua_metop-a_ges.ensmean  diag_amsua_metop-a_ges.mem001 

diag_amsua_n18_ges.ensmean   diag_amsua_n18_ges.mem001 

diag_hirs4_n19_ges.ensmean   diag_amsua_n15_ges.mem001 

 

firstguess.ensmean 

firstguess.mem001   firstguess.mem002 

firstguess.mem003   firstguess.mem004 

firstguess.mem005   firstguess.mem006 

 

enkf.nml  satinfo   convinfo  ozinfo 

satbias_in  covinflate.dat  satbias_angle  stdout 

    

"  Indicates run scripts have successfully setup a run environment for EnKF 
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Linked diag* 
files from 

diag_ROOT 
directory 

Linked first guess files 

Static files 



Step 8: Run Completion 
�  Upon successful completion – the run directory should contain: 
!

analysis.ensmean 
analysis.mem001   analysis.mem002 
analysis.mem003   analysis.mem004 
analysis.mem005   analysis.mem006 
analysis.mem007   analysis.mem008 
analysis.mem009   analysis.mem010 
analysis.mem011   analysis.mem012 
analysis.mem013   analysis.mem014 
analysis.mem015   analysis.mem016 
analysis.mem017   analysis.mem018 
analysis.mem019   analysis.mem020 

!

�  Once the EnKF has finished running, analysis files should be generated 
for each ensemble member as well as the ensemble mean 
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! Important! Always check for successful completion of the EnKF: 
• Completion without crashing does not guarantee a successful analysis 



Step 8: Run Completion  

�  Indication EnKF started normal and has read in the namelist: 
namelist parameters: 

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

 &NAM_ENKF 

 DATESTRING      = 2014021300, 

 DATAPATH        = ./                                                                                                                     

 IASSIM_ORDER    =  ls 

         0, 

 COVINFLATEMAX   =   100.0000    , 

 COVINFLATEMIN   =   1.000000    , 

… 

 

�  Check analysis time, # ensemble members, analysis variables, background type: 
analysis time 2014021300 

          20  members 

 first-guess forecast hour for analysis = 06 

           5 3d vars to update 

 total of         251  2d grids will be updated (including ps) 

 using multiplicative inflation based on Pa/Pb 

 Vars in Rad-Jacobian (dims) 

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

 sst                            0 

 Updating U, V, T, QVAPOR, PH, and MU for WRF-ARW... 

 Surface pressure (spressmn) min/max range:   678.673339843750 

   1032.22473144531 
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stdout: namelist, value checks.. 

Check these values to determine if 
reasonable. 
Max/Min Surface Pressure printed for 
a sanity check  



Step 5: Run Completion  stdout: Statistics of Ensemble Prior 

innovation statistics for prior: 

 conventional obs 

 region, obtype, nobs, bias, innov stdev, sqrt(S+R), sqrt(S), sqrt(R): 

NH  all ps 14083 -0.591E-02  0.860E+00  0.190E+01  0.601E+00  0.180E+01 

TR  all ps    50 -0.629E-01  0.422E+00  0.115E+01  0.367E+00  0.109E+01 

NH  all t   7766 -0.228E+00  0.163E+01  0.936E+01  0.480E+00  0.935E+01 

TR  all t    138 -0.130E+00   0.118E+01  0.184E+01  0.234E+00  0.183E+01 

NH  all uv  21680  0.136E-01  0.295E+01  0.504E+01  0.140E+01  0.484E+01 

TR  all uv    302 -0.379E+00  0.251E+01  0.419E+01  0.124E+01  0.401E+01 

NH  all q    2553 -0.323E-01  0.146E+00  0.153E+04  0.868E-01  0.153E+04 

TR  all q      68 -0.721E-01  0.202E+00  0.299E+00  0.582E-01  0.293E+00 

satellite brightness temp 

instrument, channel #,nobs, bias, innov stdev, sqrt(S+R), sqrt(S), sqrt(R): 

amsua_n18 1  636   0.152E+00     0.200E+01  0.134E+02   0.163E+01  0.133E+02 

amsua_n18 2  637  -0.519E-01     0.228E+01  0.144E+02   0.687E+00  0.144E+02 
...  

�  Many more observations in NH vs. TR (CONUS domain) 

�  Would like total ensemble spread of priors to match the innovations as close as possible 
�  Associated with large observation errors.. 23 

Use this table to determine if spread is appropriate 



 min/max var 1 inflation =    1.000000       7.171966 
 min/max var 2 inflation =    1.000000       7.262142 
 min/max var 3 inflation =    1.000000       6.592534 
 min/max spfh inflation =     1.000000       4.910290 

 min/max ps inflation =       1.000000       8.952715 
 global ps prior std. dev min/max =    21.52301       172.3270 
  
 NH mean ps prior standard deviation =    57.82042 

 NH mean ps posterior standard deviation (before inflation)=    29.29152 
 NH mean ps posterior standard deviation (after inflation) =    54.58800 
 NH mean ps inflation =    2.433801 
 TR mean ps prior standard deviation =    31.09247 

 TR mean ps posterior standard deviation (before inflation)=    28.32949 
 TR mean ps posterior standard deviation (after inflation) =    30.79514 
 TR mean ps inflation =    1.105389 
 time in inflate_ens =  5.486726248636842E-002 on proc           0 

�  We can see both NH and TR show larger standard deviation after the inflation, 
more consistent with the prior standard deviation 

�  Users can tune inflation for specific cases via namelist 

Step 8: Run Completion stdout: Statistics of Ensemble Analysis 

Check if inflation 
values are reasonable 
by checking min/max 



Step 8: Run Completion stdout: Statistics of Ensemble Posterior 

innovation statistics for posterior: 

 conventional obs 

 region, obtype, nobs, bias, innov stdev, sqrt(S+R), sqrt(S), sqrt(R): 

NH all ps 14083  0.130E-02  0.755E+00  0.181E+01  0.143E+00  0.180E+01 

TR all ps    50 -0.530E-01  0.399E+00  0.111E+01  0.195E+00  0.109E+01 

NH all t   7766 -0.777E-01  0.145E+01  0.935E+01  0.262E+00  0.935E+01 

TR all t    138 -0.107E+00  0.115E+01  0.184E+01  0.199E+00  0.183E+01 

NH all uv 21680  0.409E-01  0.267E+01  0.488E+01  0.653E+00  0.484E+01 

TR all uv   302 -0.261E+00  0.236E+01  0.406E+01  0.636E+00  0.401E+01 

NH all q   2553 -0.174E-01  0.114E+00  0.153E+04  0.445E-01  0.153E+04 

TR all q     68 -0.280E-01  0.168E+00  0.296E+00  0.413E-01  0.293E+00 

satellite brightness temp 

instrument, channel #,nobs, bias, innov stdev, sqrt(S+R), sqrt(S), sqrt(R): 

amsua_n18 1   636  0.165E-01       0.174E+01  0.133E+02  0.761E+00  0.133E+02 

 amsua_n18 2   637 -0.892E-01      0.221E+01  0.144E+02  0.326E+00  0.144E+02 
...  

�  Many more observations in NH vs. TR (CONUS domain) 

�  Would like total ensemble spread of priors to match the innovations as close as possible 
�  Associated with large observation errors.. 25 



Step 9: Checking Analysis Increment 
�  Analysis increment gives an idea where and how much the background fields have been 

changed by the observations 
�  Graphic tool available in GSIv3.4 release: ./util/Analysis_Utilities/plot_ncl/Analysis_increment.ncl  

 

!  The U.S. CONUS domain has many upper level observations 
!  Notice larger increments in area of interest for case 
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Analysis Increment at the 20th 
Level: ensemble member 001 



Step 9: Checking Ensemble Spread 

� Analysis ensemble spread, T @ level 20: 
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Summary 
�  Steps to running a successful EnKF Analysis: 

1.  Obtain background ensemble 
2.  Grab desired observation data 

3.  Modify GSI run script to properly link observation data and ensembles 
4.  Run GSI observer and check run status 
5.  Check completion (stdout), existence of diag* files for ensemble 

member/mean 

6.  Modify run script for EnKF 
7.  Run EnKF and check run status 
8.  Check completion (stdout) 
9.  Check analysis increment, ensemble spread (some DTC graphics utilities 

available) 
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Questions? 
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enkf_help@ucar.edu 


