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Outline

IODA: Interface for Observational Data Access

1. Observation types in MPAS-JEDI

2. Converting observations to IODA format

3. HofX Application

This talk focus on:
• y → Observations

• H(x) → calculate model 
equivalents of the 
observations;  computed 

through the forward 
operator 
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Observation types in MPAS-JEDI

❑Non-Radiances:

● Aircraft (U, V, T, spechum)

● Sondes (U, V, T, spechum)

● Surface pressure (surface synoptic 

observations (SYNOP), METAR, 

ships, drifting buoys and CMAN 

station reports)

● atmospheric motion vectors (AMVs) 

(NCEP prepBURF and BURF files)

● GNSS radio occultation

○ bending angle

○ atmosphere refractivity

❑Radiances (using CRTM or RTTOV):

● AMSU-A (NOAA-15–16, NOAA-18–19, 

EOS-Aqua, MetOp-A–B)

● MHS (NOAA-18–19, MetOp-A–B)

● ATMS (Suomi NPP, NOAA-20–21)

Testing mode:

❑ IASI (MetOp-A–B)

❑ CrIS (Suomi NPP, NOAA-20, JPSS-2)

❑ GMI (GPM)

❑ ABI (GOES-R)

❑ AHI (Himawari-8/9)

❑ SEVIRI (Meteosat-9/10)

❑ Active sensors
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Observation types in MPAS-JEDI

Obs coverage

00Z 15 April 2018
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Observation types in MPAS-JEDI

AMSU-A

Obs coverage

12Z 18 April 2018

Thinning : 145km

amsua_n19  amsua_n15 amsua_n18 amsua_metop-a amsua_aqua
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What is the IODA format?

Converting observations to IODA format

Convert 

these formats 

to a common

format

https://jointcenterforsatellitedataassimilation-jedi-docs.readthedocs-hosted.com/en/latest/inside/jedi-components/ioda/introduction.html

NCEP 
BURF/prepBURF

ASCII NetCDF

HDF5

WMO 
BURF

GRIB

HDF data model

Primary classes: Layout policy:
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NSF NCAR obs2ioda converter is now under ioda-converters 

and can be compiled as part of the mpas-bundle

1. Source code: 

git clone -b release/4.0.1 https://github.com/JCSDA/mpas-bundle code

2. Dependencies:

❏ environment modules used to build mpas-bundle

source ./code/env-setup/gnu-derecho.sh

Converting observations to IODA format
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NSF NCAR obs2ioda converter is now under ioda-converters 

and can be compiled as part of the mpas-bundle

3. Enable the BUILD_IODA_CONVERTERS option (default is OFF): 

cmake -DBUILD_IODA_CONVERTERS=ON ../code

4. Compile the code on an interactive job:

make -j32

Converting observations to IODA format
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Successful compilation produces the executable: obs2ioda



NSF NCAR obs2ioda converter is now under ioda-converters 

and can be compiled as part of the mpas-bundle

3. Run iodaconv ctest to ensure the compilation is correct:: 

cd iodaconv; ctest

Converting observations to IODA format
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100% of test passed!



BUFR and PREPBUFR format

NCEP operational observation files in BUFR and PREPBUFR format:

❏ NCEP real-time data

https://nomads.ncep.noaa.gov/pub/data/nccf/com/gfs/prod/

❏ NSF NCAR archive (GDEX)

http://rda.ucar.edu/datasets/d337000

http://rda.ucar.edu/datasets/d735000

Converting observations to IODA format

Files to look for:
prep48h

└── ${yyyy}/prepbufr.gdas.${yyyy}${mm}${dd}. 

t${hh}z.nr.48h
satwnd

└── ${yyyy}/satwnd${yyyy }${mm}${dd}.tar.gz

gpsro
└── ${yyyy}/gpsro${yyyy}${mm}${dd}.tar.gz

1bamua

└── ${yyyy}/1bamua.${yyyy}${mm}${dd}.tar.gz
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*If you have an account on Derecho (or Casper) HPC:

/glade/campaign/collections/rda/data/d337000 ⇒ prepBUFR

/glade/campaign/collections/rda/data/d735000 ⇒ BURF

https://nomads.ncep.noaa.gov/pub/data/nccf/com/gfs/prod/
http://rda.ucar.edu/datasets/ds337.0
http://rda.ucar.edu/datasets/ds735.0


BUFR and prepBUFR to IODAv3-HDF5 

obs2ioda [-i input_dir] [-o output_dir] [-e extension] [bufr_filename(s)_to_convert] [-noqc] [-split]

*input_dir and output_dir: optional augment, default is current directory

*extension: optional augment, default is nc4 (can use h5)

Converting observations to IODA format

Example output files:

aircraft_obs_YYYYMMDDHH.h5

satwind_obs_YYYYMMDDHH.h5

sfc_obs_YYYYMMDDHH.h5                   

sondes_obs_YYYYMMDDHH.h5

Output: IODA v3 format
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amsua_aqua_obs_2018041500.h5

amsua_n15_obs_2018041500.h5

amsua_metop-b_obs_2018041500.h5

gnssrobndropp1d_obs_2018041500.h5  

…



Converting observations to IODA format

About observation errors:

• Observation errors of conventional data are either extracted from the input prepBUFR or from an external 

error table (if obs_errtable exists in the working directory)

• Observation errors of AMSU-A/MHS radiances are coded in define_mod.f90

○ Observation errors of satwnd-decoded AMVs are from an external error table (obs_errtable)

About quality controls (QC):

* Subroutine filter_obs_conv applies some additional QC for conventional observations as in GSI's 

read_prepbufr.f90 for the global model and can be deactivated through -noqc command-line option

About time window:

• Default is 6-hourly; -split enables hourly data
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BUFR and prepBUFR to IODAv3-HDF5 

obs2ioda [-i input_dir] [-o output_dir] [-e extension] [bufr_filename(s)_to_convert] [-noqc] [-split]



Satellite wind converted from prepBUFR and BUFR are complementary and should be assimilated together

Converting observations to IODA format

Satellite wind converted from prepBUFR file Satellite wind converted from BUFR file 

Includes GOES-16/GOES-17, AVHRR (METOP/NOAA) and VIIRS 
(NPP/NOAA) polar AMVs, also LEOGEO AMVs

Other AMVs are from PREPBUFR files
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Tools to check IODA observations

Converting observations to IODA format

❏ ncdump, h5dump, hdfview, Python h5py, …

h5dump –n 

filename
hdfview
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Plotting observation locations

Converting observations to IODA format

Under graphics:

├── standalone

├── plot_obs_loc_tut.py
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mpasjedi_hofx3d.x ./hofx3d.yaml ./mpasjedi_hofx3d.log

HofX Application

executable YAML file output log file

window begin:

# datetime in ISO format

window length:

# duration in ISO format

geometry: 

# geometry of the model

state: 

# model state used for computing H(x)

16



mpasjedi_hofx3d.x ./hofx3d.yaml ./mpasjedi_hofx3d.log

HofX Application

executable YAML file output log file

observation: 

observers:

-obs space:

obs operator:

-obs space:

obs operator:
INDENTATION!!!
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Output: obsout_hofx_sondes.h5

HofX Application

Observations departure: O-B
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● IODA: Interface for Observation Data Access

https://github.com/JCSDA/ioda

■ Other converters: https://github.com/JCSDA/ioda-bundle

● UFO: Unified Forward Operator

https://github.com/JCSDA/ufo

To learn more
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https://github.com/JCSDA/saber
https://github.com/JCSDA/ioda-bundle
https://github.com/JCSDA/ioda-bundle
https://github.com/JCSDA/ioda-bundle
https://github.com/JCSDA/ufo
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