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REACTOR NO. 3 EXPLODES 
March 14, 2011 (9.04 A.M.) 
(DigitalGlobe) 

36,000  
terabecquerels  
of caesium-137 
J. A.C. & P. 

“Weather Needs”  
 

Precision multi-scale  
à reconstruction of 

weather analysis for the 
active accident periods 

à real-time analysis and 0 
– 72h forecasting for 
emergence response. 

à  quantity of uncertainties 
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Challenges for Meso-/micro-scale NWP 



The NCAR RTFDDA System 
RTFDDA: Real-Time Four Dimensional Data 

Assimilation and forecasting system 
(Liu et al. 2008a,b  JAMC; 2011 JWEIA) 

* Original developed for US Army test ranges, this 
system has been deployed for 30+ weather-critical 
applications of US governments and industrial 
entities and international organizations.  
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*Thanks to the RTFDDA R&D team, sponsors and users. 



One of the most 
advanced NWP 
models, with 
thousands of users 
over the globe. 

WRF has been 
broadly utilized by 
various academia and 
industries. 
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RTFDDA  
Regional-scale 

model, based on 
WRF / MM5 

MESONETs 

GOES 

Wind Prof 

 NCAR RTFDDA and Forecasting System 

 Radars 

Etc. 

ACARS 

Forecasting 

Cold 
start  

t 
FDDA 

Weather obs 

NWP (WRF/MM5) 

Modified NWP（WRF/MM5）:!
Dx/Dt = ... + GW (xobs – xmodel ) !

where  x = T, U, V, Q, P1, P2 …!
            W is weight function!

All WMO/GTS 

Farm Met 
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 (E-)RTFDDA: Data Assimilation – 4DWX 

WRF/
MM5	



OBS	

OBS	

GFS/
…	



Analysis &	


Forecast	



Incorporate observation data into a full-physics mesoscale model to 
produce 4-D synthetic (model and obs) weather at given locations. 
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Advanced FDDA: 4D-REKF  

3DVAR: Historical daily(24h-12h 
forecast) isotropic weight function 

RTFDDA 

4D-REKF 

Nudging 

Nudging 

WRF or MM5 

WRF 

4D-REKF: 4-Dimensional Relaxation Ensemble 
Kalman Filter (FDDA and forecasting) 

3DDA 4DDA 

4D-Var   
Constraint 

WRF 

OA:  Simple empirical isotropic 
(distance) function 

ENKF: Ensemble flow-dependent 
anisotropic weight function 

22 – 24 February 2012   Workshop on STE Fukushima Daiichi Release, Boulder, CO, Beijing,          yliu@ucar.edu 



€ 

Relaxa&on	
  
coefficient	
  

€ 

∂X
∂t

= F(X,x,y,σ,t) +Gα

Wxy,iWσ ,i
2Wt ,i

2Wqc,i
2 ⋅ (yi

obs −HX)
i=1

N
∑

Wσ ,iWt ,iWqc,ii=1

N
∑

€ 

Wxy, j = Ke = P f HT (HP f HT +O)−1
	
  Ensemble	
  Kalman	
  Gain	
  

10	
  

4D-REKF Combines EDA and EPS technologies 

Kalman 
Gain 

WRF 
Relaxation 

OBS 

Ensemble 1 

Ensemble 2 

Ensemble M 

Forecast 

Ensemble 1 

Ensemble 2 

Ensemble M 

•••••• ••••••

Ensemble-­‐	
  
RTFDDA	
  

4D-­‐REKF	
  dataflow	
  

WRF	
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Upper-air 
data 

All U, V, T, Qv 
observations  
and data QC 

WRF-RTFDDA 

C
ontinuous 4-D

 analyses  
and forecast cycling

  

Sat. radiance, 
Radar Vr/Z, 
GPS …  and 
data QC 

WRF-3DVAR 
Analysis 

Hybrid Engine 

Cloud/latent-heat nudging 
3DVAR 3D analysis 
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Unique Advantages of (E-)RTFDDA 

u It assimilates all observations into the WRF 
model equations along with the model 
forward integration (“forecasts”); and thus 

u  it produces 4D continuous dynamically-
balanced, physically-consistent, and cloud 
“spun-up” analysis and forecasts of full 
weather variables on high-resolution grids. 
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X-FDDA: a suite of WRF based multi-scale continuous 
data assimilation and forecasting tools for supporting 
user/mission-oriented weather applications. 

Mesoscale deterministic  
FDDA and forecasting  

Mesoscale ensemble 
FDDA and forecasting 

Microscale FDDA and 
forecasting 

Production of regional 
and/or global micro-
climatology 
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NCAR (E-)RTFDDA Applications 

20+ Mission-oriented Operations 
18 Regular Operational RTFDDA Systems  

Olympics 
Salt Lake City 

Goes IR 

RTFDDA 
17Z cycle 
Sep. 23 
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An Example of the Operational 
(E-)RTFDDA Forecasting Systems 

Deterministic:  
    Grid: 3.3 km 

RTFDDA  
High-resolution 
deterministic 
prediction 
§  3h update cycles 
§  24-72h forecasts 
§ 15min to 1h outputs 
 Ensemble:  

    Grid: 10km 

(D2E) 

(D1E) 

E-RTFDDA  
Probabilistic 
prediction 
§  6h update cycles 
§  72h forecasts 
§  1h outputs 
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3.3-km Grid WRF-RTFDDA Forecast of 
80m-AGL Winds 

March 9 March 10 March 11 March 12 March 13 

13:00 UTC 
March 12, 2010 

March 9 March 10 March 11 March 12 March 13 

March 9 March 10 March 11 March 12 March 13 

March 9 March 10 March 11 March 12 March 13 

  Observed;   Forecasted     

  Observed;   Forecasted     

  Observed;   Forecasted     

  Observed;   Forecasted     
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Temp. RH Wind 
SPD 

NCAR 30-member E-RTFDDA FCST Example 
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Wind 
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NCAR 30-member E-RTFDDA FCST Example 
Vaild: 23Z, Feb. 22, 2012 (Yesterday, 4pm) 

Boulder 
24 m/s 
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(Liu et al. 2011) 
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Atlantic 
Ocean 

C
he

sa
pe

ak
e 

ba
y 

6 nested grids 
DX= 30/10/3.3/1.1/0.370 
   /0.123 km  
 

30” terrain and land use 
 

37 sigma levels 
 

24h forecasts:  
  12Z 16 Apr – 12Z 17 Apr 2008 

D.C. 

Balt 

Phil 

2-meter T, 9h fcsts, 4 pm 

3 km 

Cool bay flows 

Warm hilly eddies 

Small-terrain  
wind streaks  
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22	
  

300m Grid 
Qv-2m (kg/kg) 
 
Every 15 minutes from 
00Z 15 July to 00Z 16 July 
2010  

What We See? 
 

ü  Blocking/gap flows 
ü  Boundary Rolls (am) 
ü  Thermals (Popcorn; pm) 
ü  Lake evaporations 
ü  Inflow moisture from  
    the Great Salt Lake 

DPG 
Terrain 
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28x30km2 
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20 C-band radars 
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Observation RTFDDA - no radar RTFDDA with radar 
LHN 

analysis Restart from 00 UTC 

Impact of radar data LHN 
on cyc200906 1206 
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RTFDDA with radar 
LHN 

RTFDDA - no radar 

1 h forecast 

Observation 

Impact of radar data LHN 
on cyc200906 1206 
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Observation 

2 h forecast 

RTFDDA - no radar RTFDDA with radar 
LHN 

Impact of radar data LHN 
on cyc200906 1206 

  

22 – 24 February 2012   Workshop on STE Fukushima Daiichi Release, Boulder, CO, Beijing,          yliu@ucar.edu 



Impact of radar data LHN 
on cyc200906 1206 

  

Observation RTFDDA - no radar RTFDDA with radar 
LHN 

3 h forecast 
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1.  NCAR (E-)RTFDDA, including high-
res deterministic and ensemble NWP 
models, are built to support (special) 
weather-critical applications.  

2.  E-RTFDDA is built upon advanced 
ensemble data assimilation and 
probabilistic forecasting technologies, 
generating 4D multi-scale, synthetic, 
dynamically-balanced and physically-
consistent, complete weather data, 
with information of uncertainty. 

3.  It is used to reconstruct precision 
weather environment for the past 
events, and for real-time DSS in 
emergence response as well. 
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