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RSMC for Nowcasting



Protecting Lives and Properties
with Science and Technology

* The Hong Kong Observatory (HKO) was
designated as an RSMC for Nowcasting
for the Asian region at the 70th
Session of the Executive Council of the
WMO in June, 2018.
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WMO Designated Global Data-processing and Forecasting System Centres
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<> Global Producing Centres for Long-Range Forecasts (13)

World Meteorological Centres* (g)

4
%= Global Producing Centres for Annual to Decadal Climate Prediction (3)
B RSMCs Geographic (25)
@® RSMC Nowecasting (3)
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RSMCs TC (6)
RSMCs Sand/Dust (2)
Regional Climate Centres (11)

RSMCs Nuclear Emergency Response** (10)
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RSMCs Non-Nuclear Emergency Response®** (2)

4, RSMCs Voleano Watch Services for International Air Navigation (1}

RSMCs Severe Weather Forecasting (2)

R
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RSMCs Marine Meteorological Services (24)

* World Meteorological Centres are also Global Producing Centres for a) Deterministic Numerical Weather Prediction, b) Ensemble Numerical Weather Prediction, and c¢) Long-Range Forecasts.

** RSMC for nuclear and non-nuclear emergency response have Atmospheric Transport and Dispersion Modelling (ATDM) capabilities.
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SWIRLS Nowcast System

SWIRLS (Short-range Warning of Intense Rainstorms in Localized Systems) is
the operational rainstorm nowcasting system of Hong Kong Observatory
(HKO). State-of-the-art techniques are implemented in SWIRLS for analysis
and prediction of precipitation and convective weather phenomena in the
next few hours. SWIRLS has been in operation in HKO since 1999. SWIRLS
was also implemented in various meteorological services or participated in
international forecasting projects to support the research and development
of rainstorm nowcasting techniques.

Under the auspicious of RSMC for Nowcasting (Hong Kong), the community
version of SWIRLS, or Com-SWIRLS, is developed to facilitate knowledge
exchange and on of rainfall technique.
Com-SWIRLS can be available from this website for use by the National
Meteorological and Hydrological Services (NMHS). SwirlsPy is the codebase
of Com-SWIRLS. It is a collection of tools, mostly written in Python or with

Builds Nowcast Systems

Community SWIRLS
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WMO WWRP 4th International Symposium
on Nowcasting and Very-short-range
Forecast 2016 (WSN16)

25-29 July 2016, Hong Kong

facebook _wsN16HK

About the Symposium

The WMOWAVRP 4th Intemational Symposium on Noweasting snd Very shert range Forecast (WSN16)
Wi be heid in Hong Kong. Chins, ¥om 25-29 ly 2016, The Sympesiu s ontly organized by
WMONAVR, Hong ) The Hong

Instfise of Envirorment. Energy and Sustanabilty (IEES) of The Chinese University of Hong Kong

(CUHK). The them of WSN16 Is “From Noweasting and Mesoscale Modelling Sciences 1o Senvices'
Nowcastingis commarvy regarded s an end-ic-end forecasting process for igh impact weather via
providing rapicly updated, high precision matearological products and services from data calection to
theend cors he current siate-ct.ac noacasting snd very short &

Training and Exchange
Seminar / Workshop



RSMC Website

2-Hour Quantitative Precpitation
Nowcast over Pearl River Delta

Home Nowcasting Products Com-SWIRLS Research Development Verification Coliaborations  Tranng

Hong Kong Observatory Nowcasting Services

Super Typhoon Hato

Thunderstorm and Lightning in Asia
In the next 6 hours

Significant Convection Nowcast over East Asia

Initial time: 201805021500 UTC 0O — 5 hr accum

Number: cloud tnp height n 100 feet Reflectlw{y (dBZ) nghtnlng Density
Green: Fest { 0 — 5 hr accum)

(dBZ) ISOL




Training Workshops

WMO WWRP 4% |nternational WMO VCP International Training
Symposium on Nowcasting and Very- Workshop on Rainfall Nowcast
short-range Forecast 2016

WMO WWRP 4th International
Symposium on Nowcasting and Very-short-range Forecast 2016

25-29 July 2016, Hong Kong




SWIRLS Nowcasting
System



Climatological Distribution of Hong Kong Rainfall

e Rainstorm and
Significant Convective
Processes

— Summer Monsoon

— Trough of low
pressure

— Tropical cyclone

e Local terrain effects

ERAHFEM
Isohyets are in
millimetres
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Rainstorms

AR s8xe

HonG KONG OBSERVATORY




Sticky Downpours and Waterspout s

on 22 July 2015
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Localized Heavy Rain on 7 Oct 2015
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Warning Signals on Rainstorm, Flooding and

Landslide
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Amber Rainstorm Signal
Eﬁ% Thunderstorm Warning

AN

Thunderstorm

Red Rainstorm Signal

Heavy rain has fallen or is expected to fall generally LandShp Wa rning
over Hong Kong, exceeding 50 mm in an hour, and is

likely to continue.

Special Announcement on
Flooding in the northern
New Territories

Black Rainstorm Signal e

Heavy rain has fallen or is expected to fall generally g

over Hong Kong, exceeding 70 mm in an hour, and is /

likely to continue.
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SWIRLS —

Short-range Warning of Intense Rainstorm in Localized Systems
vyt somiagrion EEEH - SRR B3 TSR 5 PR T

Computer Simulation of Physical X A .
Processes In the Atmospl¥ere Radar Tracking, Analysis and Forecast Nowcast Products & Services
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Computer-gencrated forecast map of
squalls; lightning. hail and heavy run

patating clouds up to 15 hours
ahead
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In support of Rainstorm and Related Warning Systems
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Public dissemination of nowcast rainfall maps for the Pearl
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River Delta region via HKO Internet website
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Forecast rainfall information
T visualized with 4-dimenssonal map
~ of the globe
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b L Forecast rainfall maps up to 6
" hours ahead blended from radar
Computer-generated forecast ranfall nowcast and computer simulation . BeR yx 090 SRS SN MUs
maps for the next 15 hours based on results
simulation
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Main Features of SWIRLS

Quantitative Precipitation Estimation (QPE)
— radar-based, raingauge-based or blended

e Retrieval of echo motion
— tracking by optical flow
— tracking by maximum correlation (TREC)
— object-oriented tracking of storm motion

» Quantitative Precipitation Forecast (QPF) using semi-Lagrangian advection scheme to
extrapolate radar reflectivity up to 6 or 9 hours

* Computation of gridded precipitation nowcast and locations of storm objects of
convective wind gust, lightning and hail

* Probabilistic QPF and blending with convection permitting NWP model

Nowcasting products for forecasters, government users, and public
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Doppler Weather Radars

Brothers Point TDWR

C band
Tai Lam Chung TDWR (80 aMSL)
C band

(59 aMSL)

HKO Hgq

Siu Ho Wan
Dual-Pol X band
(32 aMSL)

~ 60km

Tai Mo Shan

S band
(968 aMSL)
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~ 40km
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Rain Drop, Reflectivity and Doppler Velocity

rain area

Time for microwave to
travel from radar to
rain area and back =t

N
&. weather D=ct/2
radar

rain area moving at ‘
radial velocity V
e« 9y,
w7
Microwave at
[

frequency f, and
wavelength A

NQ\) at frequency f,

Doppler fo-f =2V /A
170
weather radar

Reflected microwave
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Reflectivity factor (Z) measured by weather radar is
the sixth moment of drop size distribution N(D)
(D=drop diameter in mm):

z=f N(D)D®dD
0

Rain rate (R) is given by:

T[ (00}
R = EL N(D)D3V(D)dD

V(D) is the fall velocity of particles of size D

= Z=Z(R, N(D))
an empirical relationshipon Z-R: Z=a *RP®
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Radar Basic and Limits

rain area moving at ‘ Pulse repetition frequency (PRF)
radar radial velocity V/ v g g =numberof timesaradar pulse sent out every second
) %%
Microwave at (
frequency f, and , Thus, the maximum range that a radar measure:
wavelangth A A Reﬂ:tcft;gﬁgﬁave Rmax = c/2 * (time between successive pulses)
\N\? 1 Rmax = /2 * (1/PRF)
|
weatnerracar L1 f0 2! c = speed of light

Maximum unambiguous velocity (Nyquist velocity / Nyquist interval)
Vmax = lambda * PRF /4 (lambda = wavelength of radar signal)

Therefore: Rmax*Vmax = ¢ * lambda / 8

A Doppler Radar dilemma:
Choose PRF to attain a larger unambiguous range leading to a smaller unambiguous velocity
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Type of radars for meteorological applications

UHF 0.3-0.7m
L-band 0.3m
S-band 7-15cm
C-band 4-7 cm

X-band 2-4cm
Ku-band 1-2cm
Ka-band 8.5 mm
W-band 3mm

wind profiler

boundary layer wind profiler
long range precipitation radar
long range precipitation radar
precipitation radar
precipitation / cloud radar
precipitation / cloud radar

cloud radars



QPE in SWIRLS - Basics

1km radar reflectivit . .. .
7:00, 06, 12, ... mi y * converting reflectivity to rainfall

rate

7 =aR’

seek (a, b) to minimize:

N
Z(dBG,; — dBZ,)?
[

\ where

\
\
N=150 rain gauges \ AN

R: 05, 10, 15, . | | B dBGz =10 log Ri
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Rain Gauge Network in Hong Kong

Y A
EPC
EHIS DEB1 4 ®
DOY AATKL D40y W‘q
D30 o A Rz
9 A D54
¢ H . 'Dod NgG
&
N33 D20 4
LES wiLpP A A N35 447" ﬁ? o TaF

NLD
o ‘ N32 by
R N7
1P N Nap NOZ2A 3% = TNige A
YRR NST N0 ’% Nos4 = NoBFO o A8
v A A6 “NoTA  rc AL 1S PEC
4&0 A 07® RgZ [¢:)
B4DZNG ioasik ™ [ oo
N24 ALl AKoo Kpa g _
w1 St ® i % ggg%ﬂ 8
Wi W N3
e E Vgl Ml 4D
l\i 7 A O 1 %
g N21 % % % - b A\ 4H29
: ’ i p
%19 " e A& 'H?‘ HEG H2/8

¥ @ HKO rain gauge (rainfall measurement only) ¥ @ HKO rain gauge (from multi-functional AWS]
¥ A GEO rain gauge ¥ & DSD rain gauge

Total no. > 150, updated every 1 or 5 min, mean separation <~ 3 km
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Different QPE Techniques in SWIRLS

rfmap60m_200806070900.png
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Multi-Sensor QPE in SWIRLS

512 km
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Retrieval of Echo Motion and
Quantitative Precipitation Forecast (QPF)




Calculate Motion Field

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

Earlier

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

Reflectivity 2019-10-06 Reflectivity 12019-10-06
Based @ 21:00H Valid @ 21:00H Based @ 21:00H Valid @ 22:00H
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Echo Tracking Algorithms in SWIRLS

Maximum Correlation (TREC) Optical Flow
. 2.25é,12151€.35k1r§1r“a.n5g:m CAPPI 64, Given I(x,y,t) the image brightness at point (x,y)
at time t and the brightness is constant when
pattern moves, the echo motion components

u(x,y) and v(x,y) can be retrieved via
minimisation of the cost function J :

2

. ol
el matrwith T=6min ] - jjj [_ + u ax + vy dxdydt
maximum correlation R ay

where Z, and Z, are the reflectivity at T+0 and T+6min
respectively

DACEACE %Zzl(k)z Z,(k)

[(sz(k)-sz)x(sz(k)-szz)]

) L L eSS
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An integral approach, retrieval of echo
motion from large scale to small scale

R =

1/2



ROVER-A
2015-05-23 13:30
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Effect of echo tracking on QPF verification (1 Apr - 15 Aug 2015)

5mm threshold forecast performance from: 2015-04-01 00:00 to 2015-08-15 23:54

0.5
Verification method: grid based

0.4
g 0.3
% 02 CSl vs. lead time (T+1h to T+6h)
w 0l1 -

0.0 - HE s e

1 2 3 4 5 6
Lead Time (Hour) OPTICAL FLOW
BMROVER W TREC TREC

1 Hour lead time forecast performance from: 2015-04-01 00:00 to 2015-08-15 23:54

0.6
CSl vs. T+1hour rainfall forecast at different
| I . thresholds (in mm)
.....Ill‘l‘...-

15 20 25 30 35 40 45 50 55 60 65 70
Rainfall Thresholds (mm)

0.5

Skill Score (CSI)
o o o
N oW

o
—

o
o

BROVER

BITREC



(L e e

WP ) Hone KonG OBSERVATORY

Black Rainstorm on 22 May 2013

Echo tracking at 03:18 HKT

MuGOF-lv1-r9-a2000-s1.5-16-dbz33
2013-05-22°03:18

W7

g !‘g&

201305220318_1_TREC
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Impact on QPF (CSl vs. lead time)

TREC Optical Flow

5mm threshold forecast performance from: 2013-05-21 20:00 to 2013-05-22 12:00 30mm threshold forecast performance from: 2013-05-21 20:00 to 2013-05-22 12:00

0.8 0.30 - - -
CSl vs. lead time (in minutes) CSlvs. Ieaglotlme/(rl]n minutes)
5mm/hr 0.25 mm/ar
N
= = 0.20
8 8
o 04 0 0.15
(@] O
% %
= = 0.10
> X
- ' m
- ol aa A
180 240 300 360 60 120 180 240 300 360
Lead Time (Minute) Lead Time (Minute)

Verification method: grid based

(horizontal resolution at 2 km) over HK and PRD
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Impact on QPF (CSl vs. rainfall intensity)

1 Hour lead time forecast performance from: 2013-05-21 20:00 to 2013-05-22 12:00

Skill Score (CSI)

1.0
1 hour forecast
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70

Thresholds (mm)

3 Hour lead time forecast performance from: 2013-05-21 20:00 to 2013-05-22 12:00
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0.6

3 hour forecast
0.5
0.4
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0.2
'J
0.0 - —

40 50 70
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Optical Flow

2 Hour lead time forecast performance from: 2013-05-21 20:00 to 2013-05-22 12:00
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70
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6 Hour lead time forecast performance from: 2013-05-21 20:00 to 2013-05-22 12:00
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0.05
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SWIRLS Semi Lagrangian Advection (SLA)

fime

dZ o7 0/
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dt 0ot 0x

Robert scheme
— 3iterations to find origin point
— bi-cubic interpolation

Flux limiter
— local max, min constraint
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Severe Weather Nowcast in SWIRLS

TMS 2009-03-06 01:00H range 054km  Height 3 km

.My

Hail Hazard

Rainstorm Severity : Red

Legend

area with hail potential
30-min forecast location of hail

o area with severe gust potential

(___,\ 30-min forecast location of severe gust
area with rainstorm potential
30-min forecast location of rainstorm
area with lightning potential

30-min forecast location of lightning

=/+ detected -ve CG lightning location

O detected CC lightning location

Warning area
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, rainstorm and
lightning cells during Amber Rainstorm on 22 July 2015

Prolonged developments of

3:00 am 4:00 am

Rainstorm Severity : 30 - 50 mm/hr

Rainstorm Sewverity : 30 - 50 mm/hr

6:00.am 8:00 am

i

Rainstorm Sewverity : 30 - 50 mm/hr Rainstorm Severity : 50 - 70 mm/hr

HonNG KONG OBSERVATORY
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SWIRLS Products for Users




SWIRLS Automatic Warnings and

Alerting Information on Likelihood of Rainstorm Warnings

Time Machine (Update OFF)
SWIRLS Ensemble Rainstorm Nowcast (36 members) at 2015-07-22 03:18 HKT
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SWIRLS Visualization of Products

NEW STAMP Reflectivity Rainfall Thresholds Precentiles Rainstorm Viewer

CMA Rad Sat + Rad RED Stamp Maps Rapid-scan (Trial) Deep Learn Heavy Rain Zones
Reflectivity 2019-10-14 Based @ 03:00H
CMA Radars / ROVER-A/ GD Valid @ 05:00H
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Landslip Warning

- collaboration with Geotechnical Engineering Office

Relationship between landslip rate and rainfall

681grids

> Nili;lbcr of landslips
(1984-2001)




Special Announcement on Flooding

- Drainage Services Department
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Location-specific Rainfall Nowcast for public

* Personalized rainfall forecast in MyObservatory app
(i0S/Android/Windows) and mobile version HKO website

— automatic alert if rain to occur in next 2 hours at your location
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Rainfall Nowcast in Hong Kong and Pearl River Delta

Region in the next 2 hours
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Click for the time series of the nowcast rainfall intensity

~ B ms | |

On 22 July 2015, the Amber Rainstorm

B e, AR Warning Signal issued by the Observatory
'''' lasted for nearly 12 hours and the Landslip
Warning was also in force for more than 6

hours. The area of intense rain remained

S o o 6 o oo oo oo 5 oo oo oo o o o o | almost stationary over the southern part

of Hong Kong for a prolonged period in the

morning
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Blending QPFs from Nowcast and NWP

ST Vicente (2012-07-24 02:00 HKT) T

nulated rainfall

SWIRLS 2 radar nowcast (16 hr) : Blending

(optical flow tracklng, sem| Lagrangian advection)

Phase corréCtion >Of RAPIDS-2 base time = "0|207231BOUUTC..
position error of =
mode[ QPE

R_C_030_128
Task: PPIVOL_*
PRF :576/432

| Height. 13,0 kn

3 Max Range:128 kn

BIAS0 %0 e

RAPIDS-NHM
rainfall forecasts

Inten5|ty callbratlon
to adjust. model
rainfall |ntenS|ty

(1-15 hr)

Rainfall Rate in mm/hr

Superp05|t|on on
radar nowcast using
time- dependent
weighting.




Blending Nowcast and NWP

¥ 23:30
8 SEP 2(

2010-09-09 0030 H € JroDm— 2010-09-09 0100 H [C JroDm— 2010-09-09 0100 H [, JroO—

SWIRLS T+6h 1-hour accumulated rainfall SWIRLS T+6h 1-hour accumulated rainfall SWIRLS T+5h  1-hour accumulated rainfall
Rainfall (mm) Rainfall (mm) Raintall (mm)
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Blending
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SWIRLS . . .
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NWP | | |
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a
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; NG OBSE

RAPIDS base time = 20100908 1030 UTC ‘Wax rainfall = 83.221 mm RAPIDS base time = 20100908 1100 UTC Max rainfall = 92.248 mm RAPIDS base time = 20100908 1200 UTC Max rainfall = 100.858 mm
2km-NHM base lime = 20100008 0900 UTC 2km-NHM base time = 20100908 0900 UTC 2km-NHM base time = 20100908 1000 UTC



Verification (Apr - Oct 2015)

grid-by-grid verification of QPF (dx = 2 km)

e Blending of radar nowcast and
RAPIDS-NHM QPF

— track motion of radar echoes
over successive radar images
and extrapolate for 6-9
hours

— blending with RAPIDS-NHM
QPF after correcting phase
errors of gridded rainfall
forecasts

— blending of other convective
forecast parameters (e.g.
significant convection)

) WMO

over HK and Pearl River Delta

1mm threshold forecast performance from: 2015-04-01 00:00 to 2015-10-16 00:00

POD

0.6

0.4
0- I .
0.0
6

1mm threshold forecast performance from: 2015-04-01 00:00 to 2015-10-16 00:00

Skill Score (POD)

N

0.6 radar nowcast (optical flow tracking)
0.5 radar nowcast (TREC)
= 04
3 Blended QPF CSI
° 03
5
= 02
w
l e o o
0.0
2 3 4 5 6

Lead Time (Hour)

BROVER WTREC BRAPIDS_2KM_NHM NHM_2KM



TC Module in SWIRLS

Typhoon Committee Research Fellowship 2012

* Enhancement of echo tracking algorithms in SWIRLS

F(. YT

T = 0 mins

+ W\ =

£

TC velocity

Translate the radar pixels
ns forward
according to the TC track

at T=-6mi

Quantitative

preCipitation QPF up to 6 hours

forecasts
For TC

“I’ HonNG KONG OBSERVATORY
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}
AN

Translate the motion ficld
according to the TC vector
in each time step

—>

ROVER for radar
echo tracking

Semi-Lagrangian
advection

->
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X 7

Motion Field
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AN

TC velocity

Add back the TC vector to
each grid point in the
motion field




TC Nowcast Module

ACTUAL Forecast using TC Module

907182200_200907182206_mugof_ij-30_ret2-6min_mod_der_tran
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Community SWIRLS
Nowcasting System
(Com-SWIRLS)



Nowcasting Systems

Library Language Website Availability
com-SWIRLS  Python https://com-swirls.org free license
IMPROVER Python, Shell https://improver.readthedocs.io open source
INCA C, Fortran, Shell  https://www.zamg.ac.at free license
pysteps Python https://pysteps.github.io open source
rainymotion Python https://github.com/hydrogo/rainymotion  open source
STEPS C, C++ https://www.bom.gov.au (Alan Seed) free license




U Pysteps
Curriculum vitae

https://pysteps.qgithub.io/

Personal details

Name: pysteps

Conception: 10-12 October 2017, SixS workshop, MeteoSwiss, Locarno-Monti

Birth date: June 2018 (8 months later... premature?)

Nationality: Multi-cultural (CH, FIN, CAN, AUS, etc)

Family: Seppo (father), Daniele (mother), Andrés (15t friend), Carlos (cousin)
Alan (grand-father), Urs (grand-mother), Loris (obstetrician)

First encounters: 1 July 2018, ERAD conference, Wageningen, NL

https://www.erad2018.nl/short-courses/

Technical and soft skills

Languages: Python, some Cython
Character: Open, likes feeling used, a bit unpredictable
Career goals: Make heaps of friends and become their leader

Funding received

« SNSF Ambizione project: Precipitation attractor from radar and satellite data
archives and implications for seamless very short-term precipitation forecasting.
* FMI funding to support visit of Seppo Pulkkinen at MeteoSwiss

52


https://www.erad2018.nl/short-courses/
https://pysteps.github.io/

INCA System Overview

ALARO OBSERVATIONS

AROME

AROME-RUC ECMWF

global model

NWP on INCA grid

- Analyses \-‘f‘i,‘_?_____
- Nowcasts 'h‘%“?
- Forecasts .

SATELLITS

Haiden T, Kann A, Wittmann C, Pistotnik G, Bica B, Gruber C., 2011: The Integrated Nowcasting through Comprehensive ///‘; ZAMG

Zentralanstalt fiir
Meteorologie und

Analysis (INCA) System and Its Validation over the Eastern Alpine Region. Weather and Forecasting, 26/2, 166-183, Meeenlank



Com-SWIRLS

& docs.com-swirls.org

e A Service of RSMC for <>

Nowcasting (Hong Kong SwirlsPy

* To facilitate knowledge
exchange and

n In or Register
RSMC for Nowcasting
SWIRLS Nowcast System

Awar

Getting Started

collaboration

Reference Manual

Publications
Data Model and xarray
Contributors’ Guide

Z-R Relationship

* Freely shared with all
National Meteorological ~ [E=e
& Hydrological Services
(NMHS)

_ https:
e Source codes included

 Codename: SwirlsPy

Docs » SWIRLS Nowcast System View page source

SWIRLS Nowcast System

SWIRLS (Short-range Warning of Intense Rainstorms in Localized Systems)
is the operational rainstorm nowcasting system of Hong Kong Observatory
(HKO). State-of-the-art techniques are implemented in SWIRLS for analysis
and prediction of precipitation and convective weather phenomena in the
next few hours. SWIRLS has been in operation in HKO since 1999. SWIRLS
was also implemented in various meteorological services or participated in
international forecasting projects to support the research and development

of rainstorm nowcasting techniques.

Under the auspicious of RSMC for Nowcasting (Hong Kong), the
community version of SWIRLS, or Com-SWIRLS, is developed to facilitate
knowledge exchange and cooperation on development of rainfall
nowecasting technique. Com-SWIRLS can be available from this website for
use by the National Meteorological and Hydrological Services (NMHSs).
SwirlsPy is the codebase of Com-SWIRLS. It is a collection of tools, mostly
written in Python or with Python binding, for estimating and forecasting
rainfall and severe weathers (lightning, hail, gust etc.) for up to 6 hours.

© Previous Next ©

Jcom-swirls.org/




Features of Com-SWIRLS 2.0

* Continuously Maintained and Updated

* |nstallable by Conda, Single Command
 Documentation Website with User Examples

e Readable Codes, Reusable Modules

* Version Control with GitLab

* Technical Support & Discussions by GitLab Issues
 Support Various Radar Data Formats

* Various QPE Interpolation Methods

* Numerous Motion Field and Forecast Algorithms
* \Verification Metrics



Com-SWIRLS 1.xvs 2.0
. |ComSWIRLS1x  |Com-SWIRLS2.0

Installation VM Conda *

Programming Language Assorted Primarily Python, plus C++
Libraries NCL, ImageMagick etc. Open-source Python lib.
Grid Size 480x480 Only Rectangular grid of any size
Supported Radar Data 1 8

Motion Field Algorithms 1 5

Forecast Algorithms 1 5

QPE Methods 1 14, plus multi-sensor QPE
Verification Metrics No 14

Documentation Limited Full Documentations
Version Control No Yes, using GitLab-CE
Software Testing At initial development only Upon any changes

* VM and Docker available on request



Use of Open-Source Libraries

wradlib, Metpy etc.
Py-ART by ARM of DoE(USA)
Cartopy by UKMO

ySTEPS

pySTEPS

the nowcasting initiative

View On GitHub DOWNLOADS: kil TAR

The pySTEPS Initiative Is a community that develops and maintains an easy to use, modular, free

and open-source python framework for short-term ensemble prediction systems.

The focus Is on probabilistic nowcasting of radar precipitation fields. but pySTEPS Is designed to

allow a wider range of uses

You can find the pysteps pack: Also

ge on github.com: https //gith

checkout this o

Documentation

The pysteps documentation is available on R

pysteps readthedoc

~
B/

© pySTEPS| the ewwcasting it X _

C (0 @& pystepsgithubio B r’- B = H & 8

Geosci. Model Dev, Discuss.. hiips:/idol orgf 10.5194/gmd-2019-94
Manuseripe under review for journal Geoscl. Model Dev. el
Discussion started: 13 May 2019

) Authos(s) 2019, CC BY 4.0 License.

==

Pysteps: an open-source Python library
for probabilistic precipitation nowcasting (v1.0)

Seppo Pulkkinen'Z, Danicle N
Urs Germann’, and Loris Fo
' Colorado State Uni

ni**, Andrés A_ Pérez Hortal®, Carlos Velasco-Forero®, Alan Seed”,

ty. Fort Collins, United States
and

o MeteoSwiss, Locamo
“Institue for Atmospheric and Climate Science. ETH Zurich, Switzerlan

*Depariment of Atmespheric and Oceanic Sciences, McGill University, Montreal, Canada
“Burean of Meteorology, Melbourne, Australia

Switzerland

‘ & Btk &




aintained and Updated Codebase

Updated every
One or Two Months Change Log

< CcC O & docs.com-swirls.org/20... B ¢ a 2 8 H & &

* BugFix
* New Features

* Documentation Change Log
U pd ate Version 2.0.7

Release Date: 2019-07-09

« Amodule on lightning density map added
« For IRIS Raw data file, a feature to extract data in 3-dimension addded

° Re I e a S e S ° « Examples adopted subplots to improve readability
.

Version 2.0.6

e 2.0.8:2019-09
. . . Release Date: 2019-05-17
[ 2 0 7 . 2 O 1 9 - O 7 - 0 9 « The QPE module revamped, now supports fast compositing of rain gauge and radar QPE by
(] [] L] averaging with weights corresponding to the Truthness of the respective sensors
« The example QPE in Hong Kong revamped to make use of the new QPE Module
[ « An example on QPE in Manila added. Thanks @Perez for the contribution!
eee « An example on QPF in Manila added. Thanks @Perez again for the contribution!
« Anew module on Lightning Nowcast added
[ 2 0 O (] 2 O 1 8 - 1 2 - 1 9 - Anew example on Lightning Nowcast added
. . .

Version 2.0.5 -




Distribution and Installation

* Distributed as Conda packages
* Can be Installed with Single Command:

conda create -n swirlspy
-Cc https://2018:314159@conda.com-swirls.org
-c defaults -c conda-forge swirlspy

* Virtual Machine (VM) and Docker
Images available upon request



Documentation with Examples

© Welcome to SwirlsPy's documen X © QPF (Hong Kong) — SwirlsPy de. X

= c 0 & * € ¢ o

@ docs.com-swirls.org/dev/ @ docscom-swirls.org/dev... B @ ¥ /.

‘format’: '¥.3g" -

& SwirlsPy ;

cmap=cmap,
norm=norm

for idx, ax in enumerate(p.axes.flat):
ax.quiver(ax, gy, gu, qv, pivot='mid', regrid_shape=28)
ax.add_feature(hires) # coastlines
ax.gridlines()
ax.set_title(
"Reflectivity\n"
£'Based @ {basetime.stretime( ¥H:%MH')}",
loc='1eft’,
fontsize=g

Docs » Welcome to SwirlsPy’'s documentation! View page source

ax.set_title(

The documentation on this page refers to a DEVELOPMENT VERSION. For the latest release,

© Examples )
: -swi Traditional Bi ax.set_title(
goto https.//docs.com SWIrIS'org/IatESt/ Foreeast Verification f"{basetime.strftime( %¥-%n-%a'}} \n"
NVerihication of f'Valid @ {timelist[idx].strftime( "%H:¥MH')} ",
Probabilistic Forecasts loc="rignt’,
QPE (Manila) fontsize=3
- ’ - o y
Welcome to SwirlsPy’s documentation! g et sit saveria
THIS_DIR +
(EEE b onelkone) £"/../tests/outputs/rover-output-map-hk.png",
o A - B q g [ QPF (Hong Kong) dpi=300
SWIRLS (Short-range Warning of Intense Rainstorms in Localized Systems) is the operational Definitions y
rainstorm nowcasting system of Hong Kong Observatory (HKO). State-of-the-art techniques are :‘lilﬁﬂ{iﬁ"iWEk e
. N . P P . . inning §
implemented in SWIRLS for analysis and prediction of precipitation and convective weather ;%gmgi;n 4 »
: . s . . £
phenomena in the next few hours. SWIRLS has been in operation in HKQ since 1999. SWIRLS vesmen f— 2190219 Retectviy —
Cgsm:ategahrd@ Essedgonem _vald g 07 s pad g oo 5 08 54
was also implemented in various meteorological services or participated in international :’r.é".eei'a‘ﬁeé" &
ctivities
forecasting projects to support the research and development of rainstorm nowcasting Generating radar ::
) ctivity maps
techniques. P P
hourlprainfra‘ﬁ 53
for 3-hour
forecast 50
The community version of SWIRLS, or com-SWIRLS, is developed to facilitate knowledge ] e
M“s
exchange and cooperation on development of rainfall nowcasting technique. Com-SWIRLS can be Extmcithe T o v o ey wg
available from this website for use by the National Meteorological and Hydrological Services aEpedhed :§
(NHMSs) upon request. To request or for any enquiry, please send an e-mail to swirls@hko.gov.hk Ghecking run =
component e
QPF (Manila) "
« Sign In or Register SPROG (Hang Kong) o
. STEPS (Hong Kong) =
« RSMC for Nowcasting s — ®

« SWIRLS Nowcast System

Documentation Website Example User Codes
https://docs.com-swirls.org/



https://docs.com-swirls.org/

Readable Codes, Reusable Modules

What's up with "Python"?|  * Adopted Python, a highly
*Readable Syntax readable programming

BTSSR language
ifaisnot5: ifal=5)1 -
ifais5: if(a==5){ .. ° 1
while (@ is True and b is False) : while (a==true && b =="false) Supplemented Wlth C++
th d { : o, o
priten co%8 other cade - for performance-critical
¥
while (ais True or B is False) : while (a==true || b==false) {... CO m p O n e nts
print “hi there” console.log(“hi there”)
_not penjee.isWater( ahead) I penjee.isWater( ahead)

Use of xarray, a labelled
multi-dimensional array data ‘
[

structure, as the common
data model between modules




Version Control with GitLab

 HKO running GitLab-CE, an
open-source software
development platform o | [
* Version Control, enabling =

o 1““ Include private package @) ossmae @

simultaneous developments T it
by staff & contributors e o
* Continuous Integration (Cl) o | Mo Sommmene
for automated tests 3 e e
 Continuous Deployment (CD) S -
for automated packaging and S o
documentation generation D e odd g
5 3 gitlab-ciyml fix yaml syntacx 1 month ago




GitLab’s Issues

(© QPE Image for Metro Manila (# X

&« c O & com-swirls.org/com-swir... B ¢ /’. = H & @&

@ Projects v Groups v More v

‘a Darwin @Perez commented 8 months ago Developer

* Facilitates Technical Support
and ldea Exchange

Hi sir Woo, the RADAR data I've sent from Subic only has reflectivity variable
(which is why the file size is smaller). The one from Tagaytay have multiple

> * Any user can create an issue,
I° D ———— o HKO’s team will respond asap

None

The files are received. From the filenames it looks they are what we need. We can
P probably decode your UF files. @pakhimkam2018 will try and let you know soon. (0]
’ None

.
im @ . e
IR Witicwivunuoti * Also useful for recording
Good moming @wcwoo @Perez ! | have prepared code for both QPE and QPF.

»
© 1. I have used the raingauge data above to perform QPE for Manila. 2 M e rge Re q u e Sts

£ = The code is under swirlspy/swirlspy/examples/plot_ manila.py [(https://com-
swirls.org/com-swirls/swirlspy/blob/master/swirlspy/examples/plot_manila.py)] ®
. 3 = We are preparing an example page as a demonstration. For now please refer to
the code above. (=]

. e Pastissues are searchable,
: thus becoming a Knowledge

@

, i . Base in the long run

~




Various Radar Data Format

Reflectivity 2018-08-11 Reflectivity 2018-08-11
Based @ 11:20H Valid @ 11:10H Based @ 11:20H Valid @ 12:10H

Supported Formats , ,:{:“‘::l:-" s
ASCII (ESRI's) R |
CINRAD (China)

- (y 5 v
;;;;;;;;;;

.....

,,,,,,, =y S
* IRIS R R

..............

S

Eflectivity - J0TE-08-1T Reflectivity TOTEOEIT

PY R a W Based @ 11-20H valid @ 13:10H Based @ 11-20H valid @ 14:10H

-
-

7]

b
Reflectivity 2km CAPPI [dBZ]

* Reflectivity
* HDF5
 NetCDF
e Avariant for Philippines
 Two variants for Vietnam
 UF




Various QPE Algorithms

Spatial Interpolation

I\/Iethods
| Linear
e s A A * Nearest
' * Cubic
* RBF
* multiquadric
* inverse
* gaussian
* linear
e e cubic
* quaintic
Multi-Sensor Precipitation Estimator  Thin_plate
* Natural Neighbour
* Barnes

* (Cressman
* Ordinary Kriging



Various QPF Algorithms

Motion Field Generation

Persistence

ROVER

Constant

DARTS

Dense Lucas-Kanade
VET

Forecast Algorithm

Simple Advection
Semi-Lagrangian Advection
SPROG

SSEPS

STEPS

eflectivity 2019-02-19 Reflectivity 2019-02-19 Reflectivity 2019-02-19
e H :00H Ba: 4 A X I 08:00H

Reflectivit 2019-02-19
Based d :00H

ity Reflectivity 2019-02-19 Reflectivi 2019-02-19
08:00H __ Valid @ 09:00H Based id :00H Based d :

ity
08:00H___Valid @ 09:00H Based @ 08:00H __Valid @ 09:00H

2019-02-19 Relle(ll\/l%/ 2019-02-19 Refleclrvltg 2019-02-19
18:00H Valid @ 10:00H Based @ 08:00H Valid @ 10:00H Based @ 08:00H Valid @ 10:00H
. 3 = 3 =

Reﬂectmlg 2019-02-19 rieﬂechvug 2019-02-19 wel'lecnwtdy 2019-02-19
Baseq 11:00H Based @ 08:00H __Valid @ 11:00H Based @ 08:00H __Valid @ 11:00H

QPF by STEPS

Reflectivity (dBZ)



Various Verification Metrics

Traditional Advanced
 POD e FSS
* FAR  Brier Skill Score
* CSI * F1 Score
e Accuracy * Precision — Recall
* Frequency Bias  Reliability
* ETS * ROC

* HSS
POFD



From In-House Development
To Collaborative Development

Community
SWIRLS

Radar Processing
Rainfall Estimate & Forecast
Visualisation & Guidance

Past

e ﬁ ﬁ ﬁ
ﬁ Radar Rainfall Visualisation
Lead & . . .
. Processing Estimate & & Guidance
Coordinate

Forecast



Future Plan

* More Radar Data Format, e.g. Rainbow

* More QPF Algorithms

* Nowecast with Satellite Data

* Integrated Precipitation Estimator for QPE
* Lightning Potential Nowcast

e Blending with NWP outputs



Support Services for Users

* Online Technical Support:
* Email (swirls@hko.gov.hk)
e GitLab Issues

* Cusomitzation:
* Modules
* Examples

* Training Workshop
* Hosted by HKO
e Served as Expert Lecturer

* Training Attachment
e 2 weeks —2 months



Register Now

e https://com-swirls.org/

GitLab Community Edition sign n Register

Open source software to collaborate on code Full name

Manage Git repositories with fine-grained access controls that keep your &

code secure. Perform code reviews and enhance collaboration with merge

requests. Each project can also have an issue tracker and a wiki. Username

Email
Email confirmation

Password

L)

Minimum length is & characters


https://com-swirls.org/

