WRFDA Overview

Jake Liu
NCAR/ MMM

WRFDA is a Data Assimilation system built within the WRF

software framework, used for application in both research and
operational environments....
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WRFDA in the WRF Modeling System
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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)

WRFDA is a Data Assimilation system
built within the WREF software framework
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WREF code all on a
public github
repository

WRF Data Assimilation
(WRFDA)

cC

& GitHub, Inc. [US] | https://github.com/wrf-model/WRF

smileMchen Finalize WRFV4.1.1 by merging bug fixes from release-v4.1.1 branch on...

s .github
i Registry
il arch

m chem
i doc

i dyn_em
B dyn_nmm
m external
m frame
i} hydro
i} inc

@ main

il phys

s run

m share
i test

i tools

B var

WRFPlus — i wrftlad]

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 -DCHUN
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: WRFPIus TL version of first_rk_step_part2 requires updated argume




What WRFDA can do?

Provide Initial conditions for the WRF model forecast

Verification and validation via difference between obs and
model

Observing system design, monitoring and assessment
Reanalysis

Better understanding:
— Data assimilation methods
— Model errors
— Data errors
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History of WRFDA developments

Developed from MM5 3DV AR beginning around 2002, first version (2.0)
released December 2003

Implemented radar radial velocity DA in 2005

WRF-Var V3.0, April 2008, merged into WRF repository
WRF-Var V3.1, April 2009, 4DVAR and Radiance DA

WRFDA V3.2, April, 2010, Hybrid-3DEnVAR, Adjoint sensitivity
WRFDA V3.3, April 2011, WRFPlus up to data with WRF
WRFDA V3.4, April 2012, parallel 4DV AR, precipitation DA
WRFDA V3.5, April 2013, wind speed/direction DA

WRFDA V3.6, April 2014, dual-res. Hybrid, aircraft humidity DA

WRFDA V3.7, April 2015, new radar DA option, cv_options=7, new MP
option for WRFPIlus TL/AD

WRFDA V3.8, April 2016, dynamic constraint, AMSR2 radiance
WRFDA V3.9, April 2017, hybrid-4DEnVar, all-sky radiance DA

WRFDA V4.0, June 8, 2018, WRFPlus merged into WRF Github
repository (fully public Github repository)

WRFDA V4.1, released in April 12, 2019, work with theta m
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DA algorithms available in WRFDA

3DVAR and FGAT (First Guess at Appropriate Time)

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

4DVAR
— Need WRFPIlus: TL/Adjoint 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

— Ensemble of hybrid-EnVar with perturbed observations
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WRFDA Observations

= In-Situ: = Remotely sensed retrievals:

- SYNOP — Atmospheric Motion Vectors (geo/polar)
- METAR - SATEM thickness

- SHIP — Ground-based GPS TPW or ZTD

: ggl(\),[‘; — SSM/I oceanic surface wind speed and TPW

. PIBAL — Scatterometer oceanic surface winds

- AIREP, AIREP humidity ~ ' nd Profiler

~  TAMDAR — Radar data (reflectivity/retrieved rainwater, and radial-winc
= Bogus: - Y3.9: No-rain echo -rz-ldar DA (from KNU)

- TC bogus - Satellite temperature/humidity/thickness profiles

- GPS refractivity (e.g. COSMIC)
- Global bogus

— 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 WREFDA is flexible to allow assimilation
—  SSMIS DMSP-16, DMSP-17, DMSP-18 of different formats of observations:
— TASI METOP-A, METOP-B * Little_r (ascii), HDF, Binary
— ATMS Suomi-NPP ° NOAA MADIS (netcdf),
. * NCEP PrepBufr
— MWHS2 f FY-3 C/D 4.1 ’
rom (new in 4.1) * NCEP radiance bufr
— SEVIRI METEOSAT
— AMSR2 GCOM-W1 (all-sky microwave radiance DA)

— GOES-Tmager, Himawari:pHI (ew in 4.1), o019 !



WRFDA
Radiance Assimilation

Two RTM interfaces
— RTTOV or CRTM

v Aqua's Instru‘ments
Variational Bias Correction | R e

6- MODIS

Modular code design to ease adding new
satellite sensors

Capability for cloudy radiance DA
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New 1n V3.9: all-sky radiance DA: AMSR2
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3DVAR (Barker et al. 2004)

1 1
J(x)= E(X_ x,) B (x—x,)+ E[H(x)_ yI'RT[H(x)~y]
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4DVAR (Huang et al. 2009)
T(x0) = 5 (x0 — x5 B (x0 — x8) + 5 S [Hi(Mi(x0)) — yil "R (M (x0) — 3
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é

Hybrid
Var+ETKF

(Wang et al. 2008)

J= %VTV %EO [d, - HM,Uv]' R:'[d, - H.M,Uv]
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Radar DA for hydrological application

STEP Hydromet Real Time Exp. during spring time
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The goal is to improve lo
cal-scale QPF in coupled
hydromet system

< 1 h rapid update

Radar radial velocity an
d reflectivity assimilation

High resolution vs. ense
mble

Impact of terrain

Improved results in capt
uring localized storms
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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

— 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 aerosol/chemical options
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PM2.5 DA mmpact over East China (Jan. 2015)

With MOSAIC aerosol scheme

OMB CHEM PM25 (Used: 504)
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Preliminary capability of 4DV AR-based emission inversion

Geosci. Model Dev., 8, 1857-1876, 2015
www.geosci-model-dev.net/8/1857/2015/
doi:10.5194/gmd-8-1857-2015

© Author(s) 2015. CC Attribution 3.0 License.
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Development and application of the WRFPLUS-Chem online
chemistry adjoint and WRFDA-Chem assimilation system

J.J. Guerrette and D. K. Henze
Department of Mechanical Engineering, University of Colorado, Boulder, CO, 80309, USA
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Four-dimensional variational inversion of black carbon emissions
during ARCTAS-CARB with WRFDA-Chem
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C @® Not Secure | www2.mmm.ucar.edu/wrf/users/wrfda/ Q % ®@ 0 U A &

WRFDA PAGE B e (-

Search
i ? irst!
WRFDA Home | Have questions? Try our FAQ first! | T
WRFDA News WRF Data Assimilation System Users Page WRFDA Version 4.0
(Released June 8, 2018)
P"bl,l‘%::;" - 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 EEOMMNOIEVENTD
Contact Us for community use. It is designed to be a flexible, state-of-the-art atmospheric data assimilation July 24-26, 2017
system that is portable and efficient on available parallel computing platforms. WRFDA is suitable ;
WRFE Users Fage for use in a broad range of applications, across scales ranging from kilometers for regional and 2017 WRFDA New Uiser Tutorial,
: i ’ NCAR Foothills Laboratory, Boulder,
mesoscale modeling to thousands of kilometers for global scale modeling. CO. USA

S ’
The Mesoscale and Microscale Meteorology (MMM) Laboratory of NCAR currently maintains and Reaisiration is now open!

supports a subset of the overall WRF code (Version 3) that includes: R e
- WRF Software Framework (WSF) August 25, 2017

- Advanc.ed Resefarch WRF (ARW) dynamic solver, including one-way, two-way nesting and moving nests, grid and A new Online Tutorial page on

observation nudging setting up GEN BE forecast input is

- WRF Pre-Processing System (WPS) 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: been updated.
April 17, 2017

« Download WRFDA Latest version: 4.0 (Released June 8, 2018)

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

Arrmr—r— A s o~

~

“WRFDA Tutorial - July 2019~~~ 20



Ll wrf-model / WRF = © Unwatch v~ ¢

Code Issues 29 i1 Pull requests 19 ZenHub Projects 1 Wiki Sect

Filters ~ is:pr WRFDA is:closed © Labels 32 “* Milestones 1

m Clear current search query, filters, and sorts

Welcome your
i1 0 Open + 167 Closed Author ~ Labels ~ Projects ~ Milestones ~ F COIltI'iblltiOnS
b

& Fix DA serial compilation failure introduced in commit dba34646 wrrpA ]
#927 by jamiebresch was merged 3 days ago « Approved

Use git/github and

& Fix Radar DA memory leak WRrpA ]

#926 by jamiebresch was merged 3 days ago « Approved f 11 P 11
Ol 0OW IFu
& Bugfix for missing values in bufr files WRFDA [ff] release-va.1.1
#916 by jjguerrette was merged 12 days ago « Approved RequeSt examples

& Add 1-d array placeholder for nens for broadcasting WRFpA ]
#915 by jjguerrette was merged 12 days ago « Approved

 New gen_be_v3 for generating ep (ensemble perturbation) and be (background

NOT send us your
error) Develop Branch New Feature WRFDA .
#912 by jamiebresch was merged 24 days ago « Approved COde 1n tar ﬁle

& Fix WRFDA dm_bcast interfaces WRFDA [ release-va.1.1
#908 by jjguerrette was merged 25 days ago « Approved

Il Fix WRFDA dm_bcast interfaces [Develop Branch wRrrDA [ITf]
#903 by jjguerrette was closed 26 days ago « Review required

’ New DA ep_format option to read in ensemble perturbation (ep) |[Develop Branch
New Feature WRFDA

#900 by jamiebresch was merged 21 days ago « Approved

21

¥ Fix DA EnVar unnecessary allocation to reduce memory requirement Enhancement
WPRENA ral vA11

o e



