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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
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Com-SWIRLS

& docs.com-swirls.org

e A Service of RSMC for

Nowcasting (Hong Kong) @MSerSPy

* To facilitate knowledge
exchange and
collaboration

Sign In or Register
RSMC for Nowcasting
SWIRLS Nowcast System

Awards

Getting Started

Examples

Reference Manual
Publications

Data Model and xarray
Contributors’ Guide

Z-R Relationship

* Freely shared with all
National Meteorological
& Hydrological Services
(NMHS)

e Source codes included

Educational Resources
Acknowledgement
Most Active Developers

Change Log

 Codename: SwirlsPy

Docs » SWIRLS Nowcast System

Ze 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 ©

https://com-swirls.org/
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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



A =B XX &

“" HONG KONG OBSERVATORY

Com-SWIRLS 1.xvs 2.0
 comSWRISLx | comSWIRIS20

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
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Use of Open-Source Libraries

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

ySTEPS

© pySTEPS| the ewwcasting it X _

<« C O @ pystepsgithubio % gl = H & 8 H

pySTEPS

the nowcasting initiative

View On GitHub DOWNLOADS: kil TAR

~
B/

and maintains an easy to use. modular. free
-source python framework for short-term ensemble prediction systems.

The focus is on probal

tic nowcasting of radar precipitation fields, but pySTEPS Is designed to

allow a wider range of uses

You can find the py:

eps package on github.com: https //githu

checkout this o

Documentation

The pysteps documentation is available on Read the Docs

hitps://pysteps. readthedocs lo

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

Author(s} 2019, CC BY 4.0 License.

==

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

Seppo Pulkkinen'*, Danicle Nerini
Urs Germann’, and Loris For

*4_ Andrés A_ Pérez Hortal®, Carlos Velasco-Forero®, Alan Seed”,

'Colarado State University, Fort Coflins, United Statcs
Finnish Meteorological Instinse, Helsinki, Finkind

*Federal Office of Meteorslogy and Clinstology MeteoSwiss. Locamo-M
“Institute for Atmospheric and Climate Scier H Zurich, Switzerland
*Department of Atmaspheric and Oceanic Sciences, MeGill University, Montreal, Canada
“Bureau of Meteorology, Melbourne, Australia

‘ & Btk &
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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 2.0.8:2019-09-26
. . . 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 -
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Distribution and Installatlon

* 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
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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/
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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
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Version Control with GitLab

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

o ‘I“‘ Include private package @ s @

simultaneous developments p |
by staff & contributors e -
e Continuous Integration (Cl) 0 Mo |
for automated tests f . fdd‘ d
 Continuous Deployment (CD) S -
for automated packagingand | o
documentation generation EY -
5 3 gitlab-ciyml fix yaml syntacx 1 month ago




GitLab’s Issues

@

»

(© QPE Image for Metro Manila (# X

c 0O @ com-swirls.org/com-swir... B /’. = H & @&

@ Projects v Groups v More v

‘a Darwin @Perez commented 8 months ago Developer

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
variables. Is there a specific format that you prefer regarding the number of
variables?

@ WOO Wang Chun @wewoo commented 8 months ago Owner

The files are received. From the filenames it looks they are what we need. We can

probably decode your UF files. @pakhimkam2018 will try and let you know soon.

a. Kam Pak Him @pakhimkam2018 Developer
« commented 8 months ago

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

P
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None

None

None

L

~

@

Facilitates Technical Support
and ldea Exchange

Any user can create an issue,
HKO’s team will respond asap

Also useful for recording
Merge Requests

Past issues are searchable,
thus becoming a Knowledge
Base in the long run
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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
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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
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Various QPF Algorithms

Motion Field Generation

Persistence

ROVER

Constant

DARTS

Dense Lucas-Kanade

Reflectivity 2019-02-19 Reflectivity 2019-02-19 Reflectivity
Based @ 08: Valid @ 08:00H Based @ 08: Valid @ 08:00H Based @ 08:

2019-02-19
Valid @ 08:00H

Reflectivit 2019-02-19
Based d :00H

ity Reflectivity 2019-02-19 Reflectivi 2019-02-19
08:00H __Valid @ 09:00H Based @ 08:00! alid @ 09:00H Based d :

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

Refle(twu%/ 2019-02-19 Reflectivity 02-19 Reflectivit, 2019-02-19
Based H

2019~
@ 10:00H Based @ Oyﬁ Valid @ lO'O_I Based Valid % 10:00H

VET

Forecast Algorithm

Simple Advection
Semi-Lagrangian Advection

Sl s 7

24

2019-02-19 Reflec

Reﬂectmlg 2019-02-19 Reflectivi 2019-02-19
Based @ 08:00H __Valid Base: i

llvllg tdy
H Based @ 08:00H _Valid @ 11:00H d @ 08:00H___Valid @ 11:00H

SPROG
SSEPS
STEPS

QPF by STEPS

Reflectivity (dBZ)
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Various Verification Metrlcs

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

* HSS
POFD
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From In-House Deveélopment
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
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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
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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
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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/

