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WRFDA -related
code all within the
same WRF
repository

WRF Data Assimilati
(WRFDA)

WRFPlus (tangent linear
and adjoint code of WRF)
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Add more developers to CODEOWNERS file (#889)

Correct variable in the package of "do_trad_fields" (#914)

Cray: gcc -> cc (#826)

typo in WRF Chem chem/chemics_init.F (#790)

Update WRFDA v4.1 READMEs (#883)

Fix vertical refinement, broken from v4.0 through v4.1 (#901)

Update RRMTG cloud overlap method (#759)

Finish the quieting of "./clean -a" (#789)

Local CPP includes should use quotes, not angle brackets (#909)
Hydro: Update WRF-Hydro code to v5.0.3 (#718)

Prepare for WRF-v4.1.1 release (#918)

Fix vertical refinement, broken from v4.0 through v4.1 (#901)

"CHUNK = 16" -> "chunk = 16": avoids arch/configure.defaults -DCHUM
Correct some instructions in README.namelist (#913)

Fix vertical refinement, broken from v4.0 through v4.1 (#901)

Use urban modules to define run-time configuration dimensions (#878)
Reduce std out from ./clean (#773)

Bugfix for missing values in bufr files (#916)

BF: WRFPIlus TL version of first_rk_step_part2 requires updated argume




DA algorithm finds the minimum of a cost function

T() = 5~ x) "B (x — x!) + S [H(x) — y "R H(x) ~y]

J 1s just a scalar

x: Gridded analysis variables (a column vector), u,v,t,q,Ps, clouds.
what we’ re trying to find!

x: Background of x (previous forecast, prior information)

B: Background error covariance (fixed or flow-dependent, can have horizontal
Ivertical correlation and multivariate correlation)

y: Irregularly-distributed observations (can be same or different
variables from model)

H: Observation operator (interpolate x to observation location and
then convert x to observed quantity)

R: Observation error covariance (usually assume diagonal, so no correlation)
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WRFDA in the WRF Modeling System

Background xlbc
Preprocessing
(WPS, real)
Warm-start
Background
Cold-Start Update Low BCl, 4 | xf
Background (UPDATE_BC) \
l .
Observation Undate Lateral BC . t
Preprocessing WRFDA pdate Latera N orecas
(OBSPROC) (UPDATE_BC() (WRF)
A

The following data are not processed by OBSPROC:

» Radar, Precipitation data in ASCII format
(require separate pre-processing)

» Conventional obs in PREPBUFR format

* Radiance, GPSRO in BUFR format

Background
Error

(gen_be)




DA algorithms available in WRFDA

3DVAR

— Different options for choice of non-cloud analysis variables (e.g.,
Psi/Chi or U/V) and cloud analysis variables

4DVAR
— Need WRFPlus: Tangent Linear & Adjoint code of WRF model

— Can calculate adjoint-based forecast sensitivity to obs (FSO)

Hybrid-3D/4DEnVar

— Can run in dual-resolution mode

— Can ingest ensemble from global or regional sources

Ensemble analysis

— ETKF (Ensemble Transform Kalman Filter) w/o covariance
localization

— EDA: Ensemble of hybrid-EnVar with perturbed observations



WRFDA Observations

=  In-Situ: -

SYNOP
METAR
SHIP
BUOY
TEMP

PIBAL
AIREP, AIREP humidity
TAMDAR

Bogus:

TC bogus
Global bogus

Remotely sensed retrievals:

Atmospheric Motion Vectors (geo/polar)

SATEM thickness

Ground-based GPS TPW or ZTD

SSM/I oceanic surface wind speed and TPW

Scatterometer oceanic surface winds

Wind Profiler

Radar data (reflectivity/retrieved rainwater, and radial-winc
- V3.9: No-rain echo radar DA (from KNU)

Satellite temperature/humidity/thickness profiles

GPS refractivity (e.g. COSMIC)

Stage IV precipitation/rain rate data (4D-Var only)

Radiances (VarBC, RTTOV & CRTM, All-sky radiance):

HIRS NOAA-16, NOAA-17, NOAA-18, NOAA-19, METOP-A
AMSU-A  NOAA-15/16/18/19, EOS-Aqua, METOP-A, METOP-B
AMSU-B  NOAA-15, NOAA-16, NOAA-17

MHS NOAA-18, NOAA-19, METOP-A, METOP-B

AIRS EOS-Aqua WRFDA is flexible to allow assimilation
SSMIS DMSP-16, DMSP-17, DMSP-18 of different formats of observations:
IASI METOP-A, METOP-B  Little_r (ascii), HDF, Binary

ATMS Suomi-NPP

MWHS2 from FY-3 C/D (new in 4.1)

SEVIRI METEOSAT

* NOAA MADIS (netcdf),
* NCEP PrepBufr,
* NCEP radiance bufr

AMSR2 GCOM-W1 (all-sky microwave radiance DA)

GOES-Imager, Himawari-AHI (new in 4.1)
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3DVAR (Barker et al. 2004)

1 1
J(x)= E(X_ x,) B (x—x,)+ E[H(X)— yI'R7[H(x)~y]
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4DVAR (Huang et al. 2009)
T(x0) = 5 (x0 — %) "B~ (x0 — xb) + 5 S UHL(Mi(x0) — v "Ry [H(Mi(xo)) —
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Hybrid-EnVar
+ETKF
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WRFDA
Satellite Radiance DA

Two RTM interfaces
— RTTOV or CRTM

, | “Aqua's Instrugnents
Variational Bias Correction [ e

6- MODIS

Modular code design to ease adding new
satellite sensors

Capability for cloudy radiance DA
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All-sky AMSR?2 radiance DA for hurricane Sandy
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GEOS 1mager radiance DA at convection-permitting
scale (4km, hourly-cycling, hybrid-3DVAR)
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Ongoing R&D
Multi-Resolution Incremental 4DVAR

GOES-ABI and Himawari-AHI all-sky radiance DA

A new radar reflectivity operator with TL/AD for direct
assimilation of reflectivity. Wang&Liu, 2019, GMD

— Take into account mixed-phase precip. in melting layer

Extension for aerosol/chemical DA

— 3DVAR, can assimilate surface PM2.5, PM10, SO2, NO2, O3, and
CO observations for WRF/Chem initialization

— Some flexibility to use different aecrosol/chemical options
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PM2.5 DA mmpact over East China (Jan. 2015)

With MOSAIC aerosol scheme
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Search
WRFDA Home [ Have questions? Try our FAQ first! | N
WRFDA News WRF Data Assimilation System Users Page WRFDA Version 4.1
(Released April 12, 2019)
Public Domain )
Notice Welcome to the page for users of the Weather Research and Forecasting (WRF) model data T
assimilation system (WRFDA). The WRFDA system is in the public domain and is freely available PCOMING EVENTS
Contact Us for community use. It is designed to be a flexible, state-of-the-art atmospheric data assimilation July 22-24, 2019

system that is portable and efficient on available parallel computing platforms. WRFDA is suitable
for use in a broad range of applications, across scales ranging from kilometers for regional and
mesoscale modeling to thousands of kilometers for global scale modeling.

WRF Users Page 2019 WRFDA New User Tutorial,

NCAR Foothills Laboratory,
Boulder, CO, USA.
Registration is now open!

The Mesoscale and Microscale Meteorology (MMM) Laboratory of NCAR currently maintains and

supports a subset of the overall WRF code (Version 3) that includes: WHAT'S NEW
- WRF Software Framework (WSF) August 25, 2017
- Advanced R_esearch -WRF (ARW) dynamic solver, including one-way, two-way nesting and moving nests, grid A new Online Tutorial page on
and observation nudging setting up GEN BE forecast input
- WRF Pre-Processing System (WPS) is now available.
- WRF Data Assimilation System (WRFDA) (found on this site)
- Numerous physics packages contributed by WRF partners and the research community August 17, 2017
WRFDA Version 3.9.1 has been
Other components of the WRF system will be supported for community use in the future, released. View release notes.
depending on interest and available resources. July 10, 2017
The Users Guide and FAQ have
Quick links: B
April 17, 2017

. Download WRFDA Latest version: 4.1 (Released April 12, 2019)

. WRFDA system requirements Lists the requirements to run WRFDA on your WRFDA Version 3.9 has been
system released. View release notes.

. WRFDA Users' Guide Instructions on installing and running the latest version of April 13, 2017
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