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NCAR WRF Core 3.2.
Large Domain: 4-31oN and 89-112oE (27 x 23 
degrees).  The implemented model configuration 
was selected based on required processing time.

- Resolution of 11km, 
- Initial and boundary conditions from the Global 

Forecast System (GFS) NCEP at a 0.5 degree 
spatial resolution.

- Model run twice daily at 00UTC and 12UTC, 
with a 48-hour forecast lead time and hourly 
resolution.
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FFGS Model Processing Overview

Soil Moisture
Model Processing

Bias Adjustment
Model Processing

Radar / Satellite
/ GHE / MWGHE

Precipitation

Grid to Sub-Basin
MAP Processing

Point to Grid
Gauge Interpolation

Processing

Station
Precipitation & 
Temperature

Grid to Sub-Basin
MAP/MAT Processing

Forecast 
Precipitation

Grid to Sub-Basin
FMAP Processing

MAP Merge
Sub-Basin Source

Selection

Graphical
and Text Products
Export Processing

FFG
Model Processing

Flash Flood Threat
Calculation



Mexico 

South Africa 

Romania  







Valid frequency 0.045-0.25
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Bias may exist in the remotely sensed precipitation estimates 
relative to gauges.  This should be removed before inputting to 
hydrologic models.

Reasons for Satellite Precipitation Bias

 Vastly different scales of satellite pixel and rain gauge area

 Orography organizes surface rainfall according  to prevailing winds

 Satellite estimates do not directly measure rainfall at surface  

 There may be significant misregistration errors in satellite data  

Raingauge, RG

Satellite 
Pixel, RSAT

(xo,yo) 
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Log Bias:
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Climatological Bias Adjustment for Satellite 
Precipitation

Approach for both climatological and real-time bias.
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New development aims to combine IR-based HE rainfall with MW-based CMORPH rainfall

GHE CMORPH

IR – Based
30-min latency in operations
Three snapshots per hour
4x4 - km
Based on measurements of top
Cloud brightness temperature

MW – Based
18-26 hour latency in operations
8x8 km
Based on measurements of 
Microwave scattering from raindrops
Different algorithms over sea and land  
Masked for areas with snow 
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• Real-time operational  since August 2002
• Available  globally (60N-60S)   
• Hourly values for about 4 km. 
• geo-stationary GOES satellites IR 10.7      
micron.  
•
• Data are produced at the full instrument 
resolution and are updated whenever new 
imagery becomes available, with a latency of less 
than 15 minutes.
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Illustration of the HE Rain-No Rain Differentiation
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Rain rate as a function of brightness temperature and precipitable 
water in the Hydro-Estimator

“Convective Core” rainfall “Non-core” rainfall

PW 
(mm)

PW 
(mm)



 Basic assumption is that cloud-top brightness 
temperature is related to cloud height, which in turn is 
related to cloud thickness and to rainfall rate.

 Colder, brighter clouds are associated with heavier rain
 Warmer, less bright clouds are associated with light or 

no rain
 Reasonable assumption for convective clouds
 Poor assumption for
 - stratiform clouds (warm, but wet)
 - cirrus clouds (cold, but rain-free)



 H-E algorithm considers surrounding brightness temperature relative to 
the local average. i.e. colder (warmer) than average pixel is assigned 
active rain area (inactive cold cloud).  This method was proven effective in 
portraying the rain spatial organization

 Eta (WRF) model  Variables [operational Numerical Weather Prediction 
(NWP) mode]l
 precipitable water (PW) to enhance (reduce) rain rates in high (low) PW areas; 
 relative humidity to reduce rain rates low-RH areas; 

 convective equilibrium level temperature to enhance rain rates in regions with values 
greater than 213 K; 

 850-hPa winds interface with digital topography to correct for rain rates due to 
upslope and downslope regions.

 Reference: Vicente et al. (1998, 2002). 



X – Enabled 
X – Disabled 

Note: not all enabled gauges are reporting 24



Georgakakos and Tospornsampan
(2009) the first bias adjustment 
analysis
May-September 2009

395 - Daily Gauges
133 – MRC
146 - Vietnam (NCHMF) 
116 –Thailand (TMD)

Few Gauges in 
high elevations

25



Months
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9 April 2013 HRC Sat BSMEFFG 33

Original GHE Adjusted GHE
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Original GHE Adjusted GHE
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Apr 2014 GHE Apr 2014 MWGHE
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