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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
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SWIRLS Ensemble Rainfall Nowcast

* By tuning the 6 parameters, 36
sets of parameters have been 3 2
experimented, i.e. ensemble of e
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First hour Second hour
prediction prediction



Probabilistic QPF (PQPF)
/O

First hour
prediction

We chose the first hour
prediction to establish a
probabilistic rainfall
ensemble.
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Stamp Map

NEW STAMP Reflectivity Rainfall Thresholds Precentiles Rainstorm Viewer

Deep Learn Heavy Rain Zor

Zoom Level:

Base Time (HKT):

201910140300

Auto Update ¢ <

Valid time:

swirlsa/New_STAMP/#/stamp-map?fc=120&t=201910140300
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PQPF Product 1
Rainfall Intensity Contour Map

* For Specific Exceedance Probability:

75% quantile = The 27t member’s prediction = A mm/hr

In ascending order \
00000000106 00K
\

s\mall T~ large]
! |7
75% 25%

25% of the member predict hourly rainfall greater than A mm/hr
- 25% probability of rainfall exceeding A mm/hr

The 75% quantile has a 25% exceedance probability
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Rainfall Intensity at Fixed Percentile

Mmlmum Rainfall Intensity 25th Percentile Rainfall Intensi 50th Percentile Rainfall Intensi
basad on 2019042014 T torTLS(_) based on 201904201400 to T:sg based on 201904201400

| \ |

/ li /

Mean Rainfall Intensity 75th Percentile Rainfall Intens based mmgn:gom Rainfall Intensity
S on

based on 201904201 400 T to T+60 based on 201 904201400 to T+60
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PQPF Product 2
Probability Contour Map

* For Specific Intensity Threshold

36 members produce 36 hourly rainfall

predictions K \
? Is your rainfall prediction

Set a rainfall intensity threshold to
make Yes/No decisions:
If:

= more than 0.5mm/hr at
0] _,L this location at this time?

No.of Yes=Y

No.of No=N
Then probability of the hourly rainfall
exceeds a certain threshold is given by

Probability = ﬁ

Selected thresholds:
0.5mm/hr
S5mm/hr
30mm/hr

Probabilistic quantitative precipitation forecasts
For tropical cyclone rainfall
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robability of Exceeding Fixed Intensity

Probabili

Exceedlng Threshold 0.5mm/hr
based on 201

201400 T+60 to T+120

Probabili Exceedlng Threshold 5mm/hr Probability Exceedlng Threshold 20mm/hr
based on 201904201400 0 10 T+1: ,» based on 201904201400 T+60 10 T+120

9'9:

_ ;
Probability Exceeding Threshold 30mm/hr Probability Exceeding Threshold 50mm/hr Probability Exceeding Threshold 70mm/hr
based on 201904201400 T+60 to T¢1 120 based on 201904201400 T+60 to T+120 based on 201904201400 T+60 to T41 20
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Verification and Analyses

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

480

&
<«

480

One datum for each grid
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75% - 85% 95% - 100%

85% - 95%



Verification and Analyses

Reliability Diagram - degree to which the model forecast probabilities agree

with the observed frequencies
Reliability Diagram

100%s

90%

Interpretation—A 10-event example

10 events predicted prob. .
(10% | 10% | 10% | 10% ] 10% |

B0%

70%

60%

Forecast Probability

Expected to happen once out of 10 times
—observed relative frequency = 1/10 =10%

forecast probability = observed relative frequency
- the probability forecastis perfectly reliable

10% | 10% | 10% | 10% I 10% g sox

\ A % % 4 S 0%

10-events actual occurrences 30%

N N N Y I N e

~ > . 10%

N[N N NN
4 . -’ 0% 10%% 20% 30% 402 50%% 60% 70%

B0%

20% 100%
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Probability in Time Series

No. of R/G (Past 60 minutes accumulated rainfall)

25 A

20 A

10

7N A\, l~r+||| W ) HJ

0230 0240 0250 0300 0310 0320 0330 0340 0350 0400 0410 0420 0430 0440 0450 0500 0510 0520 0530
Updated @ 2019-10-14 03:36H
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Nowcast of Thunderstorms
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One-Hour Lightning Nowcast of HKO
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Also a feature
of HKO’s Mobile App
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Lightning Nowcast by Extrapolation

Reflectivity 2019-10-06
Based @ 20:54H Valid @ 20:54H

Earlier -

1. Calculate Motion Field from

R fI ctivity 2019-10-06
sed @ 21:00H Valid @ 21:00H

Recent Radar Images

'eq—.-?:’—..._.a.\\\\\\\\\\
2

nnnnnnnn

2. Extrapolate Detected
Lightning Locations to
Produce Lightning Nowcast

Reflectivity 2019-10-06
Based @ 21:00H Valid @ 21:00H

nnnnnnnn

Latest I\/Iotlon Fleld

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

nnnnnnnn
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Performance of Lightning Nowcast

For first half-hour 15 km For first half-hour 15 km
POD is around 70-80% FAR is around 15-20%
POD FAR

M [T, T+30m] 15km
W [T, T+30m| 10km
= [T+30m,T+60m] 15km
o [T+30m,T+60m] 10km

M [T, T+30m] 15km
W [T, T+30m| 10km
= [T+30m,T+60m] 15km
o [T+30m,T+60m] 10km
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Lightning Initiation
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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:

Table Il — Summary of the conceptual model for lightning initiation.
Isothermal | (i) Shallow Cu |(ii) Towering Cul(iii) mature Cb ((iv) decaying Cb
Layers D| H |E|D| H |E[D| H E/ D| H I[E
below -40°C f * p| M *p
—20fo-40°C| |0 foopl Y o I L S
_1010-20°C | ' w *A B *A § *
| oto-10°C| 1 ‘ N *g IMv=*a gl %
Cawoeocc| 5 0 MU ALE U A
near surface | »« —>< - v m<— — _ K

Note : Headings D, H and E stand for vertical dynamics, hydrometeors and electric
charges respectively. Other symbols are explained in the main text of Section 2.




Isothermal Reflectivity

* 3D temp & height fields from rapidly-updating analysis
* interpolate to radar grid (cartesian)
* interpolate reflectivity to isothermal leyels

—

HKO— LAPS 10km B DO°C
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Lightning Predictors

* lightning physics reflected in radar observations:
 TOP (updraft)

VIL (overall liquid content)

* REFge

REF ;poc — (super-cooled liquid, water-coated graupel)
* REF_500c _

e consider lightning initiation as an on-off process

—

* also used in lightning severity (log flash rate) prediction



Lightning as an On-Off Process

lightning intensity vs echo top lightning intensity vs vertically integrated liquid uater
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Thresholds under Testing

* good indicators of the onset of C-G lightning in 15-20 minutes with
high CSI:
e TOP > 7.6 km
* VIL>5.9mm
* REF,.. > 47 dBZ
* REF_c > 17 dBZ
* REF_,poc >0 dBZ

* may gain a bit longer lead time by lowering the thresholds



1000

REF0

100

Lightning Intensity

e L e e o] T T

Cell Lightning Actlvity (strokes / 6 min)
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 define lightning severity:
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 where a is the number of CG
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Preliminary Results

* predicted severity:
£ =-3.623x10"

+6.105x10% xTOP(km)
+2.601x10™% xVIL(mm)
+1.967 <10 x REF ;.. (Z)
+1.146x10 x REF,.(Z)

e coef. normalized:
B.., =0.273

B,, =0.387
B, =0.037

B, =0.273

Observed (

Mean 0.025
R.M.S. 0.35 y

Predicted




Lightning Initiation Nowcast
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Hail Hazard, .. -
Downburst/Gust Severity : Storm
Rainstorm Severity : Amber

Lightning Severity : Il -

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

03:866 pm

lead time = 12 min

first CG lightning




Lightning Nowcasts for Beijing

e jsolated 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

06:28 pm

lead time = 30 min
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Nowcast of Gust
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Thunderstorm Downburst as Seen from Radar

* building up of precip. core at
mid levels

H

* precip. core descending
—> downburst

e occurring at time scale of a
few minutes

15:33:15
1 AUG 2006

RS

gt:3.0 km
Range: 128
PPIVOL_& *

. .

. .

0 --- B

e severe wind gust on ground

= Downburst/squalls

size Large




Simple Downburst Conceptual Model

buoyancy

wet-bul "4 ' radar
: ; : reflectivity

hoo oo
heorng | - — initial momentum dato

denved from

precipitation loading

/ST 7777777/ 7SI ..
Te ‘” " z ,' . ¢ ..... .".. $.t .". '..., s
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S e e ‘
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o #
ve ¥ Vo =2 Ldz=2g [ rdz =203x VIL
T e — . 0 0




Downburst/Gust Conceptual Model

all energy and
momentum transform
into gust winds

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?

parcel descends to ground
if net force pointing
downward




Downburst/Gust Conceptual Model

e Blue trace refers to '
wet-bulb temp

isobaric cooling to
saturation by
DCAPE evaporation

(Downdraft Convective Available Potential Energy)

if yes, pseudo-adiabatic
descent starts from wet-
bulb freezing level

downward

P8 transfer of
horizontal
momentum



Downburst/Gust Nowcast Algorithm
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Squall Nowcast — Hong Kong

TMS

2009—03—05 13.24H Range 128 km  Height 3 km

- ¢ squall line of 5 March 2009

AWS 60-min Max.

Rainstorm Severity : Black
Lighthing Severity : Il

Downburst/ Gu_s"i . StOFm-B8-

118 km/h (100.7)

Wind | Speed (m/s)
\; BASED ON 20090305 1430 HKT | e SR &
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Squall Nowcast for Beijing

2007-07-07 §§ * damaging winds on
17:54 LST 2007-07-07,~ 7 pm

e 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)

Haifinie) Daily Massaricjar 6 SEiE 2007-07-08
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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)

e 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
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Hail

e Hail hazard is identified where:

e 60 dBZ echo can be located above 3 km altitude (60 dBZ Echo TOP radar
product); AND

e 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



HailllNowcast - Hong Kong

o Case Of 6 March 2009 T™MS 2009-03-06 01:00H range 06akm  Height 3 km
* time - 1:10-1:40 a.m. J

* hail size - 0.5-1 cm

EB | RiRREH EPRFEE | EMRSmiE | BMRSEIRE | BMBsedE | BMASERRE | 3R
i 2o e
FHERFR _MMBIRER | &gisgmakE[07-29]
RIRFsr
gn.zn F g R KE (07:25)
2140 ﬁ_ 3 ———
O 4150 HETR, TERNIFS, 3| smgmegm -
o i hERLREESHRE. —
51-60
6170 RTART, HtEEHESAE ~
O7150 . 1600 LR — +i e
190 4. EEREOHREE, Wk £ L
O91100 E. Downburst/Gust : Storm 88-118 km/h (111.9)
= = , e Rainstorm Severity : Red
EEICTEEY f\éﬁﬁ RAT, WEFE—EM Lighthing Sgﬁerit:: I -

(BPEFFTH)

BIEEHTEE S



Time

Areas of Incidence

SWIRLS’ HAIL FORECASTS

Size of
Hailstones

Other Remarks

0110H-0120H

Tung Chung

diameter: 0.5 - 1 cm
soy bean sized

Thunderstorm with heavy rain.

0120 H

Ma Wan

Hail last for 1 to 2 minutes.
Thunderstorm with heavy rain.

0140 H - 0150 H

Tsing Yi

diameter: 0.5 - 1 cm

Heavy rain

0130 H- 0140 H

Tsuen Wan

soy bean sized

Thunderstorm with heavy rain.

shorthly before 1800 H

Sheung Sze Wan Clearwater Bay (email)

About 20 seconds with
stones the size of peas

Around 1730 H

The peak. near Black's Link (newspaper)

About 30 seconds.soy
bean sized

Thunderstorm with heavy rain. Amber in force
Trough of low pressure is bringing rain and
thunderstorms to the coastal areas of Guangdong.
Locally, rain and thunderstorms in the afternoon and
evening brought more than 30 millimetres of rainfall
to Hong Kong Island and Lantau Island)

Around 2040 H

Tuen Mun, Yuen Long, Tsuen Wan, Tsing Yi,

Kowloon Tong, Kwai Chung

marble sized, diameter:1-
3cm

Thunderstorm with heavy rain. Black in force. Trough
of low pressure. Hail last for 10 min
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Satellite Nowcast Application
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Why Satellite Retrieved Reflectivity?

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



AQ =& x &

" HONG KONG OBSERVATORY

»
Radars are vulnerable in Tropical Cyclones

giss=— " Doy
Wufenshan weather radar

destroyed by Super Typhoon

Soudelor (1513)

Credit: Ettoday.net

Puerto Rico weather radar
destroyed by Hurricane Maria
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Coverage of Radar Network

NEXRAD Coverage Below 10,000 Feet AGL

VCP12 Coverage
|:| 4,000 ft above ground level*
- 6,000 ft above ground level*

- 10,000 ft above ground level*

* Bottom of beam height (assuming Standard Atmospheric Refraction).
Terrain blockage indicated where 50% or more of beam blocked.

0 125 250 500 750 Miles

s ™ s |

Source: https://www.roc.noaa.gov/WSR88D/Maps.aspx
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Simulate Radar Observations from
Sate\ ite Data using Neural Network

7 oy |3 Radars can detect Rain,
pieed |1 but have Limited Coverage

3.
& ‘ Lo, 5
i T . o
CE v
) ik

1
L4 ’ !

1 \ -
\ ;
N ; L
At \ 55N
SR ) AL, oo

( B -
1 & \ l b B

mmmmmmmm

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




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



Spectral Informatio

MTSAT
Channels

——

I
IR3 (WV)

IR1
IR2

from Himawari-8

Wavelength Spatial

[um] Resolution
1 | v1 0.46 1km
2 | V2 | Visible 0.51 1km

3 'S 0.64 0.5 km
4 N1 0.86 1km
5 | m2 | e 1.6 2 km
6 N3 2.3 2 km
7 14 3.9 2 km
8 WV 6.2 2 km
9 w2 7.0 2 km
10 | w3 7.3 2 km
1 (| ™MI infoared 8.6 2 km
12 | O3 9.6 2 km
13 IR 10.4 2 km
14 L2 11.2 2 km
15 12 12.3 2 km
16 | CO 13.3 2 km

RGB band
composited

Aerosol
Water cloud and Ice cloud

Size of the cloud droplet
Fog, Hot spot (Forest fire)

Water vapor
SO, (Sulfur dioxide)
O, (Ozone)

Atmospheric Windows

CO, (Carbon dioxide)

Extracted from “Introduction to Himawari-8”, IMA



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

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

Temporal Resolution

Spatial Resolution

Range

2D/ 3D?

Correlation with
precipitation

4/5/6/10 minutes

250 m (range increment)
1/0.52 (azimuth increment)

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

Basically 3D (except the cone
above the highest beam)

Better

10 minutes (full dsic)
2.5 minutes (target & Japan)

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

Almost half the Globe

Mostly 2D (top down)

Not as good
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What If?

* We have a field with
* Data like Radars

* Coverage like Satellites
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Multi-layer perceptron
artificial neural network (MLPANN}

0// __ :
 Features of MLPANN implemented in HKO: XL

R
Neural Network Deep neural networks ‘\\ . -
Architecture AN SN
i
Training Algorithm Backpropagation
Learning Strategy Supervised learning
T
Supervised learning Unsuopervised learning E
Observations (inputs) Latent variables w
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Input pattern

Reference: o .
. . . . 1 : A hackpropagation network trains with a two-step procadure. The activity
http://www.turingfinance.com/misconceptions- Observations (OUtp uts) Obscrvations from the input pattern flows forward thraugh the netwerk, and the error

about-neural-networks/ (ﬂ] [b] signal flows backward to adjust the weights.
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Use of

fast artificial neural networ
FANN r.cc acttcia Neurat Network Library

fann) library

Main; ghlewspmbownt . elppmRet C GraphicalinterfacesgmlanguageBinding (5

FANN

Fast Artificial Neural Network Library is a free open source neural network library, which implements multilayer artificial neural networks in C
with support for both fully connected and sparsely connected networks. Cross-platform execution in both fixed and floating point are
supported. It includes a framework for easy handling of training data sets. It is easy to use, versatile, well documented, and fast. Bindings to
more than 20 programming languages are available. An easy to read introduction article and a reference manual accompanies the library
with examples and recommendations on how to use the library. Several graphical user interfaces are also available for the library.

FANN Features:

Multilayer Artificial Neural Network Library in C

Backpropagation training (RPROF, Quickprop, Batch, Incremental)

Evolving topology training which dynamically builds and trains the ANN (Cascade2)

Easy to use (create, train and run an ANN with just three function calls)

Fast (up to 150 times faster execution than other libraries)

Versatile (possible to adjust many parameters and features on-the-fly)

Well documented (An easy to read introduction article, a thorough reference manual, and a 50+ page university report describing the
implementation considerations etc.)

Cross-platform (configure script for linux and unix, dil files for windows, project files for MSVC++ and Borland compilers are also reported
to work)

Several different activation functions implemented (including stepwise linear functions for that extra bit of speed)

Easy to save and load entire ANNs

Several easy to use examples

Can use both floating point and fixed point numbers (actually both float, double and int are available)

Cache optimized (for that extra bit of speed)

Open source, but can still be used in commercial applications (licenced under LGPL)

Framewaork for easy handling of training data sefs

Graphical Interfaces

Language Bindings to a large number of different programming languages

Widely used (approximately 100 downloads a day)

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

Recent News

Bindings

FANN in research

FANN on github

10 years of FANN

Updated FANN site

Working with FANN from Java and Scala
Forum moved to sourceforge

FANN 2.2.0 Released

Kinect + Neural Network = Gesture Recognition

Native C# .Net wrapper for FANN released

Ad closed by
Google

Report this ad

Ads by Google @


http://leenissen.dk/fann/wp/
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Optimize performance through repeat
training l

One iteration

2465 56754
l One epoch
15t Data l Change in MSE Change in MSE
2nd Data 0.0045 0.0045
0.004 0.004
3rd Data
0.0035 0.0035
4th Data g 0.003 s 0.003
5th Data ; 0.0025 L% 0.0025
A 0002 A 0002
6t Data l c :
S 0.0015 S 0.0015
th
7™ Data l 0.001 0.001
8th Data l 0.0005 0.0005
0 0
0 100 200 300 400 500 0 2000 4000 6000 8000 10000
Number of Epoch

Number of Epoch

Training Data Set
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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
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R : BO8(WV6.2) - B10(W3 7.3)
Range : -35~5 [K] Gamma: 1.0

R:B15(12 12.3)-B13(IR 10.4)
Range:-4~2[K] Gamma: 1.0
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INnputs

mput | peseription

BO3 (VISO.64)

BOS (NIR1.6) - BO4
(N1 0.86)

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

B13 (IR10.4)

B13 (IR10.4) - B15

(12 12.3)

Equinox day diff.
il B
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¢
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VIS0.64. Reflectivity of BO3 depends on optical thickness. Thick cloud are displayed in white.

Difference between NIR1.6 and N1 0.86. BO4 has high reflectivity for snow/ice covered area and clouds, sea
surface looks dark. Reflection characteristic of BO5 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)

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.

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

Difference between IR 10.4 and 12 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.

Indication of different Season

T G S Sl e Al




Frequency I\/Iatchin

0Q

Boxplot of derived reflectivity Boxplot of true reflectivity
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with-VIS mode, without-VIS mode, blended
mode (composite algorithm)

Blended Mode's
Satellite derived value

H8 lnput reflectivity

* Hong Kong

Sun Zenith
Angle=10°

NO
BO3
withoutV|5
#: 2
EfB=R ) blended mode
with— VIS mode only 4 ",,\ . , '.. > YES NO

.w*’*

s I withVIS mean(withV|S, withoutVIS)

B13-B15

wnthout VIS mode
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Compare with Available Satellite Product

With-VIS Mode Blend Mode Without-VIS Mode 2016 Typhoon Haima
20161021 UTC0400

X -,

Visible IR1 WV
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Demonstration of application- MSQ

Satellite derived

H8 input reflectivity
B T * Hong Kong s e I
‘ | TMS radar+ SWAN

with-VIS mode
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B05-B0O4
|

with— VIS mode only

S | © 2015-10.03
without-VIS mode Multi- Sensing QPE 00:00:00

2015 Typhoon Mujigae

N o™

B13-B15
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Demonstration of application- Reflectivity
map in different projection/ scales
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“Reflectivity” of Super Typhoon Hato (1722)




L . AVERAGE PERFORMANCE DIAGRAM
Verification ANNUAL DAYTIME
Point of Perfect
——withoutVIS = withVIS -=—B|ended Performance
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* Period: July 2015- June S S E—
2016 (12 months) |
* Odd Hours |

* On-the-hour : '-

o
o

o
[o.2]

(."5,;;0 }
.z

e Daytime » T » ._
* Results B s £
* POD at 24 dBZ > 70% S K f T T T
* POD at 33 dBZ > 40% SN £ AN I N B e o]
L T L

SUCCESS RATIO (1-FAR)
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Simulate Radar Observations from
Satellite Data using Neural Network

Radar Mosaic Only With Simulated Reflectivity

Reflectivity 2019-07-31 Based @ 15:00H Reflectivity 2019-07-31 Based @ 15:00H
CMA Radar / SC Multi-Sensor / SC Valid @ 15:06H




