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Probabilistic QPF



Why?

1. Better support for Rainfall Warning System 

2. Facilitate cost-benefit analyses

3. More tailored to the needs of organizations under various 
operational constraints



SWIRLS Ensemble Rainfall Nowcast

• By tuning the 6 parameters, 36 
sets of parameters have been 
experimented, i.e. ensemble of 
36 members.



Probabilistic QPF (PQPF)



Stamp Map



PQPF Product 1
Rainfall Intensity Contour Map

• For Specific Exceedance Probability:



Rainfall Intensity at Fixed Percentile



PQPF Product 2
Probability Contour Map

• For Specific Intensity Threshold

Probabilistic quantitative precipitation forecasts
For tropical cyclone rainfall



Probability of Exceeding Fixed Intensity



Verification and Analyses

Verified against Radar QPE data:
• resolution 480X480 pixels
• Generated every 6 minutes 

One datum for each grid
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Verification and Analyses



Verification and Analyses



Probability in Time Series



Nowcast of Thunderstorms



One-Hour Lightning Nowcast of HKO

Lightning
Alerts

Predicted 
Lightning

Distribution

Automatic Regional Weather Forecast

Also a feature
of HKO’s Mobile App



Lightning Nowcast by Extrapolation

Latest

6 Minutes
Earlier

Motion Field

Steps:

1. Calculate Motion Field from 
Recent Radar Images

2. Extrapolate Detected 
Lightning Locations to 
Produce Lightning Nowcast

3. Alert if the Predicted 
Lightning Locations fall within 
10 / 15 km of the User



Performance of Lightning Nowcast

For first half-hour 15 km

POD is around 70-80%

For first half-hour 15 km

FAR is around 15-20%



Lightning Initiation



Simple  Conceptual  Model

• +/−ve charges carried by ice and graupel respectively

• charges separated vertically by updraft

• Important distribution in the mixed layer from 0°C to -20°C:
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Isothermal  Reflectivity  

• 3D temp & height fields from rapidly-updating analysis

• interpolate to radar grid (cartesian)

• interpolate reflectivity to isothermal levels
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Lightning  Predictors

• lightning physics reflected in radar observations:

• TOP             (updraft)

• VIL               (overall  liquid  content)

• REF0C 

• REF-10C (super-cooled liquid, water-coated graupel)   

• REF-20C 

• consider lightning initiation as an on-off process

• also used in lightning severity (log flash rate) prediction
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Lightning as an On-Off Process
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Thresholds  under  Testing

• good indicators of the onset of C-G lightning in 15-20 minutes with 
high CSI:
• TOP > 7.6 km

• VIL > 5.9 mm

• REF0C > 47 dBZ

• REF-10C > 17 dBZ

• REF-20C > 0 dBZ

• may gain a bit longer lead time by lowering the thresholds
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Lightning  Intensity

• define lightning severity:

• where a is the number of CG 
lightning strokes in 6 minutes 
associated with a storm cell 

• linear relationships:
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Preliminary  Results

• predicted severity:

• coef. normalized:
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Lightning  Initiation  Nowcast
• hailstorm in Hong Kong on 24 July 2006

• first CG lightning alert issued at 3:00 pm

• see gray ellipse inside the red 
rectangular warning zone

• CG lightning first detected (“=“ symbols) 
during 3:12-3:18 pm

• threat areas for downburst/severe 
gust and heavy rain are marked by 
red and blue ellipses respectively
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02:54  pm 03:00  pm 03:06  pm 03:12  pm 03:18  pm 03:24  pm 03:30  pm 03:36  pm 

first CG lightning

lead time = 12 min



Lightning Nowcasts for Beijing

• isolated thunderstorm west of 

Beijing city on 3 August 2007

• first CG light alert issued  at 5:48 

pm

• CG lightning first detected 

(“=“ symbols) during 6:18-6:24 pm
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05:42  pm 05:48  pm 05:54  pm 06:00  pm 06:06 pm 06:12  pm 06:18  pm 06:24  pm 

lead time = 30 min
first CG lightning



Nowcast of Gust



Thunderstorm Downburst as Seen from Radar

• building up of precip. core at 
mid levels

• precip. core descending
→ downburst

• occurring at time scale of a 
few minutes

• severe wind gust on ground

 Downburst/squalls
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5 km



Simple Downburst Conceptual Model

32



Downburst/Gust Conceptual Model
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parcel descends to ground 
if net force pointing 
downward

downward forces: 
(1) precipitation loading;
(2) negative buoyancy due to 
cooling by evaporation of rain 
water (or other hydrometeors)
(3) dynamic vertical pressure 
gradient force?

all energy and 
momentum transform 
into gust winds



Downburst/Gust Conceptual Model
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isobaric cooling to 
saturation by 
evaporation

Precipitation Loading
(LOAD)

if yes, pseudo-adiabatic 
descent starts from wet-

bulb freezing level

wet-bulb 

freezing level

downward 
transfer of 
horizontal 

momentum
DCAPE + LOAD > 0 ?

DCAPE
(Downdraft Convective Available Potential Energy)

• Blue trace refers to 
wet-bulb temp



Downburst/Gust Nowcast Algorithm
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Squall Nowcast – Hong Kong

• squall line of 5 March 2009
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88 – 114 km/h



Squall Nowcast for Beijing

• damaging winds on 
2007-07-07, ~ 7 pm
• SWIRLS (5:54-7:12 pm) : 

• Gale F9 (82.2 km/h) 
to Storm F10 (91.8 km/h)

• AWS - WSX (6:30-6:35 pm) : 
• Gale F9 (78.1 km)
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Beijing Daily Messenger   北京娱乐信报 2007-07-08



Some Tips on Usage

• Lightning nowcast
• based primarily on radar observations and warns about C-G lightning only
• also checks for actual I-C lightning signals but may be too late due to latency 

of Beijing lightning data (updated hourly)
• assumes dominance of -ve strokes in C-G lightning

• Downburst / Wind Gust
• depending on the actual propagation of the gust fronts, actual gusty areas 

may be wider or further downstream than those indicated by the D-cells

• tends to over-warn due to the current data set being derived solely from 
gusty cases

• mainly applicable to pulse-type thunderstorms
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Nowcast of Hail



Hail

• Hail hazard is identified where:
• 60 dBZ echo can be located above 3 km altitude (60 dBZ Echo TOP radar 

product); AND

• up to 2 km altitude, less than 5 mm vertical integrated liquid can be found (2 
km VIL radar product)

• Then use ellipses to group the hail hazard area
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Hail Nowcast - Hong  Kong

• case of 6 March 2009

• time - 1:10 - 1:40 a.m.

• hail size  - 0.5-1 cm 





Satellite Nowcast Application



Why Satellite Retrieved Reflectivity?

12 hours before Super Typhoon Hato (1713) landed over Zhuhai, near Macao



Radars are vulnerable in Tropical Cyclones

Puerto Rico weather radar 
destroyed by Hurricane Maria

Wufenshan weather radar 
destroyed by Super Typhoon 
Soudelor (1513)
Credit: Ettoday.net



Coverage of Radar Network

Source: https://www.roc.noaa.gov/WSR88D/Maps.aspx



Simulate Radar Observations from
Satellite Data using Neural Network

Radars can detect Rain, 
but have Limited Coverage

Satellites have Wide Coverage, but 
can only see Cloud, Not Rain

No Radar
Data Here



Third Generation Satellite: Himawari-8

Full disc: once every 10 mins Rapid-scan: once every 2.5 mins



Spectral Information from Himawari-8

Extracted from “Introduction to Himawari-8”, JMA

https://www.wmo.int/aemp/sites/default/files/Introduction_himawari8.pdf


Satellite vs Radar
Radar (e.g. NEXRAD) Satellite (e.g. Himawari-8)

Temporal Resolution 4/5/6/10 minutes 10 minutes (full dsic)
2.5 minutes (target & Japan)

Spatial Resolution 250 m (range increment)
1/0.5º (azimuth increment)

0.5 km (B3/Red)
1.0 km (B1, B2, B4)
2.0 km (others)

Range 256 km (Effectively Useful)
512 km (Limited Use)

Almost half the Globe

2D / 3D? Basically 3D (except the cone 
above the highest beam)

Mostly 2D (top down)

Correlation with 
precipitation

Better Not as good



What If?

• We have a field with 

• Data like Radars

• Coverage like Satellites



Multi-layer perceptron 
artificial neural network (MLPANN)
• Features of MLPANN implemented in HKO:

Neural Network 
Architecture

Deep neural networks

Training Algorithm Backpropagation

Learning Strategy Supervised learning

Reference:
http://www.turingfinance.com/misconceptions-
about-neural-networks/



Use of 
fast artificial neural network (fann) library

http://leenissen.dk/fann/wp/

http://leenissen.dk/fann/wp/


Optimize performance through repeat 
training

1st Data

2nd Data

3rd Data

4th Data

5th Data

6th Data

7th Data

8th Data

…

Training Data Set

One iteration

One epoch

…

withVIS mode withoutVIS mode
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neural network training

• Training Period: 
• July 2015 - June 2016 (12 months)

• Demarcation for Training & Verification
• Even Hours for Training

• Odd Hours for Verification





Inputs
Input Description

B03 (VIS0.64) VIS0.64. Reflectivity of B03 depends on optical thickness. Thick cloud are displayed in white.

B05 (NIR1.6) - B04 
(N1 0.86)

Difference between NIR1.6 and N1 0.86. B04 has high reflectivity for snow/ice covered area and clouds, sea 
surface looks dark. Reflection characteristic of B05 depends on the phase and size of cloud particles. On 
difference image, thick clouds with large ice particles are displayed in black (dark), low clouds and land/sea 
surface look whitish (bright)

B08 (WV6.2) - B10 
(W3 7.3)

Difference between WV6.2 and W3 7.3. On difference image, thick clouds with high cloud are displayed in 
white, low clouds and thin Ci are indistinct.

B13 (IR10.4)
IR10.4, Atmospheric window band, available for 24 hours. High-level clouds and developed Cbs appear in 
white, mid-level cloud appear in bright gray.

B13 (IR10.4) - B15 
(I2 12.3)

Difference between IR 10.4 and I2 12.3. Absorption by water vapor of B15 is slightly larger than that of B13. 
On difference image, thick cloud and low-level cloud contribute to rather grey color, high-level cloud 
contributes bright color.

Equinox day diff. Indication of different Season

Minimal Brightness 
Temperature of IR1 in Pixel 

Rings
Distinguish Spatial Separation of Target Pixel and Cloud Top

Brightness Temperature 
Standard Deviation of IR1 in 

Pixel Rings
Local texture, assisting is classifying cloud type

Average Brightness Temperature 
of IR1 in Pixel Rings

Indicate Convective Strength of Surrounding Area



Frequency Matching

Normalized 
Output of 

Neural 
Network

(from -1 to 1)



with-VIS mode, without-VIS mode, blended 
mode (composite algorithm)

Hong Kong



Compare with Available Satellite Product
2016 Typhoon Haima
20161021 UTC0400

With-VIS Mode Without-VIS ModeBlend Mode

Visible IR1 WV



Demonstration of application- MSQ

2015 Typhoon Mujigae

Hong Kong



Demonstration of application- Reflectivity 
map in different projection/ scales



Blending Syntheic Reflectivity with Real 
Reflectivity

2017/08/23 07:00 HKT 2017/08/23 09:00 HKT



“Reflectivity” of Super Typhoon Hato (1722)



Verification

• Period: July 2015- June 
2016 (12 months)
• Odd Hours

• On-the-hour

• Daytime

• Results
• POD at 24 dBZ > 70%

• POD at 33 dBZ > 40%



Simulate Radar Observations from
Satellite Data using Neural Network

Radar Mosaic Only With Simulated Reflectivity


