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Introduction to WRFDA 
 

Zhiquan (Jake) Liu 
NCAR/MMM 

 

WRFDA is a Data Assimilation system built within the WRF 
software framework, used for applications in both research and 
operational environments…. 
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WRFDA in WRF Modeling System 
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Why data assimilation? 
•  Initial conditions 
•  Verification and validation of model forecasts 
•  Monitoring and assessment of observations 
•  Observing system design 
•  Reanalysis 
•  Better understanding: 

–  Data assimilation methods 
–  Model errors 
–  Data errors 
–  … 
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Model state  
x, ~107 

Observations 
yo, ~105-106 
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Radiance	
  impact	
  on	
  Hurricane	
  forecasts	
  	
  
(Liu	
  et	
  al.	
  2012)	
  

5	
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New radiance data assimilation:  
GOES-Imager 

GOES-13 WV Obs 	

 WRF 24-h Forecast with assimilation 	


of GOES-13 clear-sky WV Obs 	

 WRF 24-h Forecast w/o assim. 	



of GOES-13 WV Obs 	



WRF configured at 3-km with hourly cycling 3DVAR assimilation	
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New capabilities in WRFDA 3.7 for radar DA	


•  Added separate cloud analysis variables Qc and Qr (vs. existing total water analysis variable)	


•  A new scheme to indirectly assimilate reflectivity by converting reflectivity to rainwater	


•  Added the assimilation of estimated humidity (from reflectivity) within cloud	


•  Making 4DVar radar DA fully compatible with 3DVar	


•  The new CV option CV7 is recommended for radar DA	



3H accumulated rainfall in northeastern Colorado 	


during STEP 2014 Hydromet summer real time experiment at t = 3h	



OBS	

 3DVar without radar	

 3DVar with radar	
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Assimilation methods 
•  Empirical methods 

–  Successive Correction Method (SCM) 
–  Nudging  
–  Physical Initialisation (PI), Latent Heat Nudging (LHN) 

•  Statistical methods  
–  Optimal Interpolation (OI) 
–  3-Dimensional VARiational data assimilation (3DVAR) 
–  4-Dimensional VARiational data assimilation (4DVAR) 

•  Advanced methods 
–  Extended Kalman Filter (EKF) 
–  Ensemble Kalman Filter (EnFK) 
–  Hybrid VAR/Ens DA 
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WRFDA is a Data Assimilation system  
built within the WRF software framework, … 

•  Goal: Community WRF DA system for 
•  research/operations, and   
•  deterministic/probabilistic applications. 

•  DA Techniques:  
•  3D-Var 
•  4D-Var 
•  Ensemble Transformed Kalman Filter 
•  Hybrid-3DVAR. 

•  Support:  
•  NCAR/MMM via wrfhelp@ucar.edu 

•  Observations: Conv.+Sat.+Radar(+bogus) 

Panasonic Weather Solution European	



Both operations run in hybrid-3DVAR mode	
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3DVAR	
  (Barker et al. 2004) 

� 

J(x) =
1
2
(x − xb )

TB−1(x − xb ) +
1
2
[H(x) − y]TR−1[H(x) − y]
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4DVAR	
  (Huang et al. 2009) 



WRFDA Intro -  Tutorial – 31 July 2015                                               12 
	


DA	



€ 

x f 3/4D-Var 

€ 

δxVar
a

€ 

δx1
f

€ 

δx2
f

€ 

δxN
f

€ 

x1
a

€ 

xN
f

€ 

x2
f

€ 

x1
f

€ 

H(x1
f ),σ o

€ 

yo

€ 

H(x2
f ),σ o

€ 

H(xN
f ),σ o

E 
 
T 
 
K 
 
F 

€ 

δx1
a

€ 

δx2
a

€ 

δxN
a

.	



.	



.	



.	



.	



.	



.	



.	



.	



.	



.	



.	



€ 

x1
a

€ 

x2
a

€ 

xN
a

.	



.	



.	

.	


.	


.	



€ 

x2
a

€ 

xN
a

Hybrid 
Var+ETKF 
 
(Wang et al. 2008) 
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§  In-Situ: 
-  SYNOP 
-  METAR 
-  SHIP 
-  BUOY 
-  TEMP 
-  PIBAL 
-  AIREP, AIREP humidity  
-  TAMDAR 

§  Bogus: 
-  TC bogus 
-  Global bogus 

§  Radiances: can use RTTOV_11.1 or 11.2 (new in V3.7) or CRTM_2.1.3: 
–  HIRS     NOAA-16, NOAA-17, NOAA-18, NOAA-19, METOP-A 
–  AMSU-A   NOAA-15, NOAA-16, NOAA-18, NOAA-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 
–  SSMIS    DMSP-16, DMSP-17, DMSP-18  
–  IASI  METOP-A, METOP-B 
–  ATMS  Suomi-NPP 
–  MWTS  FY-3 
–  MWHS  FY-3 
–  SEVIRI  METEOSAT 

W
R

FD
A
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bs

er
va
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ns

 
§  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 (enhancements in V3.7) 
-  Satellite temperature/humidity/thickness profiles 
-  GPS refractivity (e.g. COSMIC) 
-  Stage IV precipitation/rain rate data (4D-Var) 

	



WRFDA is flexible to allow assimilation	


of different formats of observations:	


•  Little_r (ascii), HDF, Binary	


•  NOAA MADIS (netcdf), 	


•  NCEP PrepBufr, 	


•  NCEP radiance bufr	
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WRFDA  
Radiance Assimilation 

•  BUFR 1b radiance ingest. 

•  RTM interface (v3.5.1):  
RTTOV (v11.1 or 11.2) or CRTM 

(v2.1.3) 
•  NESDIS microwave surface emissivity model 
•  Range of monitoring diagnostics. 
•  Quality Control for HIRS, AMSU, AIRS, SSMI/S. 

•  Bias Correction:  
Adaptive or Variational 

•  Variational observation error tuning 
•  Parallel: MPI 
•  Flexible design to easily add new satellite sensors 
•  Cloudy Radiance DA 

DMSP(SSMI/S)	



Aqua (AMSU, AIRS)	



NOAA (HIRS, AMSU)	
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Past WRFDA tutorials 

 

WRFDA online tutorial and user guide 

http://www2.mmm.ucar.edu/wrf/users/wrfda 

21-22 July 2008. NCAR. 
02-04 Feb 2009. NCAR. 
20-22 July 2009. NCAR. 
03-05 Aug 2010. NCAR. 
20-21 July 2011. NCAR. 
23-25 July 2012. NCAR. 
24-26 Jul 2013. NCAR. 
28-30 Jul 2014. NCAR 

 

18 April 2009. South Korea.  
15-31 Oct 2009. Nanjing, China. 
10 April 2010. Seoul, South Korea. 
16 April 2011. Busan, South Korea. 
10-20 Oct 2011. Bangkok, Thailand. 
21 April 2012. Seoul, South Korea. 
22-24 Sept 2013. Chengdu, China 
14-25 Oct 2013. Vienna, Austria. 
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www2.mmm.ucar.edu/wrf/users/wrfda 


