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Content

 Briefly introduce data management systems
storing observational data in HKO

 Introduce key components of the Decision
Support System (DSS) in HKO using
observational data extensively

 Review database structure of two typical
applications in HKO and introduce the use of
Oracle Real Application Cluster (RAC) and Data
Guard technologies on these databases
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Data Management Systems in HKO

GTS data (SYNOP, radiosonde, SHIP, ...)
— Used since 2003
— Oracle 91 on IBM HACMP cluster

— Data exchange with RTH Tokyo, RTH Beijing, NMC Macau, met. centres of
nearby cities like Guangzhou, Shenzhen, etc.

— Upgrade planned for early 2010, 119?
AWS data

— Used since 2007

— Oracle 10g

— Local (1 min frequency, ~100 stations)

— Regional (10 min to hourly frequency, ~450 stations)
Rainguage data

— Use since 2007

— Oracle 10g

— ~140 stations of HKO, GEO (Geotechnical Engineering Office), DSD (Drainage
Service Department)

Reporting, forecast, warning bulletins data
— Use since 2007
— Oracle 10g on RAC with Data Guard
— Support Public Weather Service
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Decision Support System in HKO

e SWIRLS —

Short-range Warning of Intense

Rainstorm in Localized System
e LAPS - Local Analysis and Prediction System
« NHM — Non-Hydrostatic Model

e RAPIDS —
Integrated

e TIPS —-Tro
System

Rainstorm Analysis and Prediction
Data-processing System

pical Cyclone Information Processing

« MINDS — Meteorological Information
Dissemination System
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HKO’s Nowcasting system - SWIRLS

e SWIRLS

— Short-range (1-6 hours)

— Warning of

— Intense (=30 mm per hour)
— Rainstorm in

— Localized (10 — 100 km)

— Systems

e In operation since April 1999

 originally designed for rainstorms

e evolving to handle other severe weathers
e 2nd generation in operational trial in 2009



Observation Network
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Raingauge Networks

HKO rain gauge
HKO AWS
GEO rain gauge

; DSD rain gauge

RN

Total no. ~ 140, updated every 5 mins, mean separation ~ 1.5 km



A =55
\ .1

’ HONG KONG OBSERVATORY

Doppler Weather Radar

TDWR (Smce ]_996) Tates’ Cairn (since 1994)
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Lightning Location Detection Network

‘*7_[.; » Sites provides by HKO, SMG and GMB
Y « Equipment provided by HKO

el A Mainland o | jghtning data shared by HKO, SMG
. o Chinasite and GMB




SLITAEE FERHE 2UFEE LR
Doppler Weather Radar Meteorological Satellite Global Positioning System

BEERis
Automatic Weather Station

CIvETE s EERETR
SWIRLS Supercomputer Systems
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Automatic Raingauge
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Clee
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Radiosonde

RAmBIATE SE=E HERD
Wind Profiler Lightning Information Numerical Model

FBXXE "/\iBIE, BEaRBARM — SWIRLS

The Fully Automated Nowcasting System of the Hong Kong Observatory for
Shert-range Warning of Intense Rainstorms in Localized Systems

TEQEHFOIME
Radar Echo Tracking & Extrapolation

EEEEMED
Radar-Rainguage Rainfall Analysis

EE ~ BIEEMAN
Quantitative & Probabilistic
Precipitation Forecast

EEAEHRIAH (IE ~ A ~ KB)
Severe Storm Tracking & Forecast
(lightning, squalls & hail)

ARIBEED
Atmospheric Stability Analysis

PNREXRD
Local & Mesoscale Analysis

HEEREMNS
Blending with Numerical Model

AKRKAZEDH
Atmospheric Water Vapour Analysis

BSAFTEEEEEME
Graphical User Interface &
Web Page Production
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Climatological Case Book
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Basic Principles of Radar-based Rainfall S
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SWIRLS Echo Motion Viewer

SIS RO L g by ‘..j

SWIRLS TREC Wind Display (version D.2a)
File Animation

2005 0509 1212

Speed Indicator

Select display unit |km/hr | v

kmfhr

RANGE (kmj : 064 128 256 TMS | =

On-line User Guide HEIGHT ¢kmj : 3
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SWIRLS F/C Rainfall Viewer

BT S0 0 ot duin ]

= [B]x]

File

dwith dev.)

200505091212 ¢

1) 06-min f/c + 54-min actual | v | [Tms |+

/I Nowcast and NWP

blended
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HKO'’s Mesoscale Data Analysis
System - LAPS

LAPS

Horizontal Resolution 10 km (TC applications)
5 km, 1.5 km and 500 m (Nowcast)

Update frequency Hourly

Data ingested SYNOP, SHIP, BUOY

AWS data from Hong Kong and Guangdong;
Radiosonde;

Wind profiler;

Aircraft (AMDAR);

Satellites (FY-2C/MTSAT)

Radar (reflectivity and Doppler velocity)

Model background HKO-RSM (20 km resolution)
NHM (5km resolution)

Computer platforms IBM SP / Linux PC
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HKO-LAPS Domain (1)

LAPS 10km Surface Wind

« TC-LAPS 21/8/2008 09UTC 21/8/2008 17HKT

— 10 km resolution P N

— Mesoscale analysis over (/L =l ] SNNN
- /_/{ / S = \ \

southern China and RN =L /NP
South China Sea

— Nowcast of
wind/pressure at selected
stations in HK during TC
sitatuations
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Annlysis grid average elevation meters MSL
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Application of LAPS in mesoscale analysis

e LAPS Hourly Analysis

- an integrated platform to digest all available
observation data (AWS, radar ..) to monitor
mesoscale weather systems

- analyse and diagnose mesoscale circulation in
rapidly-update cycle

- High resolution:
e 5km/1.5 km and 500 m horizontal resolution

 Initialization of cloud hydrometeor fields in non-hydrostatic
NWP model (HKO-NHM)



LAPS Hourly Analysis

Op. Trial wer 2005-04; based on laps-0-32-15

Analysis time (UTC):

[ Reset | [ Back | [ Mext |

Nexd Lipdafe: Analysls fime T+55 min.
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Current NWP Systems iIn HKO
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Main Applications
ORSM NHM WRF

Regional

temperature \

forecast

Tropical

Cyclones \/ ‘/

Rainstorms N \

Land-sea \/

breeze
Research and

Others spemahzed_
meteorological
support

21
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on-hydrostatic Model — NHM

C) Mg Ernatatic Yodel Hasg
Skm NHM  anorianeea S WD+ Tamponsture T« (00 =) =1 Knimais

e 5-km horizontal
resolution

— 121x121 grid-paoints,

— 45 vertical levels
(lowest at 10m )

5KM NHM OHRFC 071201 1100 HKT
SURFACE WIND+T (SATURDAY)

1 = Skm NHM 070107 1000 HKT

g e 6 11 HR F/C Infra-red

vrr Ll ¥ 25

4 o4 I
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_ 20-km ORSM +
LAPS moisture | T
anaIySiS e - o

..... 1nz* 13" 114 115 116" n"r
s INITIAL TIME : 2007.01.06 15UTC
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 KF + cloud microphysics
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1z l P 720
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RN 2 Y
* Hourly update 4\\_\,\;:%@' 2
_ /Ei—\_i; 2 < 400
- )/"."

e Provides 12-hour
forecast .
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Operation of 5km NHM
i (/ —

///f“

. IBM p690

» 2 nodes,32 Power4
processors @1.1 GHz

48 GB memory

o Peak performance
141 GFLOPS
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RAPIDS — Rainstorm Analysis and Prediction
Integrated Data-processing System

« Application of NHM in very short-range precipitation
prediction = NWP-Nowcast Blending

- Nowcasting component — SWIRLS

— 1 - 6 hr QPF by extending the linear extrapolation
of radar echoes

« NWP component — Non-hydrostatic Model (NHM)
— 1 — 6 hr QPF by non-hydrostatic numerical model

e 2 km resolution
e T+1to T + 6 hour forecast
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Radar-based nowcasting
system; extrapolation
effective in advective

cases

Browning(1998),
Lin et al (2004)

Information
Content

10 7

1 10
Forecast lead time

Figure 1. Schematic representation of the loss of information
content in forecasts as a function of lead time. The solid line
represents the theoretical limit of predictability. The dashed
line represents NWP models and the dotted line nowcasting
methods.

SWIRLS

RAPIDS

NHM

RAPIDS

Guidance on dynamic
evolution of
precipitation systems in
rapidly changing cases

high resolution, rapidly updated

very-short-range QPF



A =55
)

’ HOHG KOHG OBSE.“‘:IV\TOR“'"' e .:‘;: e

Rainfall forecast

using 5 km NHM -

-

Downscaled to 2- - L T réocated ramfal

kmgnfdusrng - PR e 2 diistribution
: - ek 2004 05 08 08 00 MKT
| . _ ;'gg Il . o Nepr AN G : AAPIDS 06 hour Raintall Forecast e
- $ i r!' -,'—‘- =1 = =
=i I a~f ;

D ata fl OW%@T ba i % %’H anrem St
QPF blendlng |n in blending
RAPIDS L

-

6 hr farecast of rainfall

using SWIRLS semi-

Lagrangian advection

scheme based on TREC N
analysis

6 hr RAPIDS rainfall forecast

Radar 128 km range
~(.5 km resolution

Ug-scaled to 2-km grid
using grid-averaging
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%) SPIDASS - SWIRLS Panel for Inte grated Display of Aleriz on Severe Storms - Mozilla Firefox 3.5 Beta 4

IDASS - SWIRLS Integrated Warning Panel

BEE REE RO BERE IHEe IR0 SN

g -c G B G ) | neptsvebdlipidasivid

| '] SPIDASS - SWIRLS Panel for In—- & | | ‘| RAPIDS - Rainstorm Analysis Integrater= | | o -
Forecast  Valid Datelftime  (HKT) 20090504 20030504 20000604
SWI RLS Panel for Integrated Display of Alerts on Severe Storms System Product  Updatedat 00 o 02
Based on SWIRLS-2 for CFO SWIRLS (TREC)| _ Actial+ FIC 40130 EERA BENNNN
o, SWIRLE-2 Acual+FIC | 200806040130 AAAABNNNNN
Reaktime alert status auto-updated at - 01:30 AM 20090604 01:47:14 AM RAPIDS Rainsiormin 1h | 200906040130 N
Archives (offing NHM Rainsiormin 1 h 2000060322 N
Archives (offline)
ORSM (UTC)
M -20km FiC eyan S0m FIC 9ppops0312
UssgeNoe | SWIRLS | RAPIDS | NHM | ALOFT
Forecast  Base Time (HKT) 00 [ 02 03 Forecast  Base Time (HKT)
Product System Product System p ro d u Ct
ransormin1h  swrRisRec) [FEGEGEGIA A A AJBIE NNNNNN Rainsormin 1 SWIRLS (TREC
Raingormin 1 h SWIRLS-2 EIEIEN A ABER A A BIBIN N N N Rainsomin 1 h SWIRLS2 names &
Acual(seem 1) SWIRLS2QPE AAAAAAA - - - - - - - - e e oo oLl Ll Lol oo Acual (acem 1) SWIRLS-2 QPE
Raingormin 3 h swrisz  EEEERIAGIGIA ABIN NNNNNN Rainsomin 3 h SWIRLS2 I
Acual(aoem 3B} SWIRLS2QPE - - - - - — - - - - — - - - - - - o oo oo oo Acual (acom3h)  SWIRLS 2 QPE u n d e I’I>/| n g
Rainsormin 6h  RAPIDS (routy GFF) [N 1 11 1. .N-N - FEECICOE) | GRFST e algorith mS
Rainsormin 6 h  RAPIDS (3 houly QPF) 333BBIN NNNNNN Rainsormin 6 h RAPIDS (3 houdy QPF)
PoP (Green) | | RAPIDS (0how CPF) [EKINIEINEEEEIEIEIEN 1 1 NN NN PoP (Green)  RAPIDS [ hour GPF)
Fop (Amber). | | RAPIDS (0hour PF)| ENEMEIEIEN 1 EN1 11 NNNNNN FoF (Amber) | RAPIDS (0 houwr QPF)
PoP (Red) 1| [APIDS (ahow@pf) VBN N N N NN NN NN PoP (Red)  RAPIDS (b O
Pop(Bas [RAPDST05## PRI 1393931 N N N NN NN NNNNNN PoP (B0 RAPIDS (0o )
Rarsomin 12 NHM N N - T Ransomnizn M
Landsiip (issue) SWIRLS-2 NNNNNNNNNN NNNNRNN -l-------- - - Landsiip (issue) SWIRLS-2
NT Flooding SWIRLS-2 FOEREREIN N NNNN NNNNNN - NT Flocding EWIRLE-2
Storm Track &Track CICTEIE x I ¢ NI < R Storm Track GTrack
Sl BLAAST NNNNNNNNNN NNNNNN - - Sl BLAAST
g e [QAATCITTITG 222200 - -
Hai BRINGO NNNNNNNNMNN NNNNNN - - Hail BRINGO
v
< | 3
~
Legend [Note : The following alerts apply to the Hong Kong domain only. Click on the status icons above fo see the affected locations.) T
I rainfall = 20 mm in 1 hour or 40 mm in 3 hours I Hourly raintl = 2] mm, ending &t T+ hour F Flooding theeat in norhem NT ) Severe squalls treat (gale forcs) CI Lightning iniSation theeat (severity |, i.e. CG sikes lezs than 10 in 6 min)
A| rzinizl = 30 mm in | hour or 60 mmin 3hows | [ | Houry rzinisll = 30 mm, ending 2t T/ hour ! Landzlip reeat Severs squals teeat (storm force) Q Lightning iniSzfion theeat ceventy |1, i.e. CG stnkes batwesn 10 and 100 in 6 min)

g--

IN| No severe westher

= 50 mm in 1 hour or 85 mm in 3 hours Hourly rainfall = 50 mm, ending a T+ hour

= 70 mm in 1 hour or 120 mm in 3 hours n Hously raintall = 70 mm, ending at T+ hour

where =12 3,456

wherej=1,3 6

not avalzble dus to system/data problem -| status to be determined

. A
l high chancs (= T096) of severe westher in [ hours v Hal frzat (zny sz}

j medum chance (= 4096) of severs weather in j hours Severs squals teat (humcane frcs) [q Lightning iniSiaton treat (severity |11, i.e. CG siikes more tan 100 in 6 min)

E Thunderstoem threst (refectvity= 3 dBZ)
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~ Tropical Cyclone Information
Processing System - TIPS

0} Tips (Tropical Cyclane Information Processing System) o]
Fle Dita Analyss Reports Decision Research Tools View Window Help

B ZoomScels 500% v | Track GaleryExpot  RefreshTc Overlyy  Track Tirme Stamg
105 10a w7 108 100 110 111 1z 113 114 115 118 17 118 1@ 120 i -2 22 123 124 125 120 127 128 120
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Main Features of MINDS

e 2nd Generation — fully operational since Jan 2009

o 3-Tier Design: Client + Application Server + Database
e Data stored in XML format

o Support Work Flow

e Support Role

o Automatically bring up “tasks-to-do” to users when:
— warnings criteria/tnresholds reached/departed;
— Tropical Cyclones entering/leaving Area of Responsibility;
— Issuance/cancellation of warnings.
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MINDS User Interface

Roles

MNew Task Manage Phase

{Buiid 001)

Task Inspector (UL-WFM0001)
Activated Phase
[Current || istory |

[start Time Triggered By

|Phase

| 2310712008 1715 admin

Carioon Phase

Meteorolog:lr:al Information Dissemination System 2 (MIND 52:
3 Saturday i & C

< ma
R

Warning L Reporting |

Bulletin Management Panel (UI-BMMOOOL)

Forecasting |Tmpi|:ul Cycl..

Current
Weather

Warnings in

On-hand Task within 1815 to 2015

31102000 1820
31102009 1820
3111002009 1820

31102000 1825
31102009 1825
J1M0/2000 1840

310/2009 2015 Supplementary i

Tasks-to-d¢

! Youhave 13 unread tasks

Ce!lr:el Pre-amber and/or Update Addition
| Issue Amber Rainstorm Special Announce
+ Update TV Weather Symbol
31102000 1821 Update Local Weathar Forecast
| Update 7.Day Forecast
« | Update SCCW Forecast
+ | Reminder: Repeat/Update Spe

3110/2009 1945 7 Local Weather Foy

mation (e.g. TC track, rai

Prepare (No Signal —> Ambar)
Prepare {No Signal — Amber)
Prepare (No Signal —> Amber)
Prepare (No Signal -> Ambar)
Prepare [No Signal .= Amber)
Prepare (Mo Signal - Amber)
Landslip Warning

$0 Duty Schedule (Normal)
Thunderstorm Expire

S0 Duty Schedule (Normar)
S0 Duty Schedule (Normal)

SO(F)
SO(F)
SO(F)

s and change task status

| force

‘ ‘=4 (SIGNAL) Thunderstorm Warning %,

m {SIGNAL) Rainstorm Warning Signal =

A, (SIGNAL) Landslip Warning %,

~— (SIGNAL) Special Announcement on Flooding in Northern
ﬁ (SIGNAL) Very Hot Weather Warning =,

@ (SIGNAL) Strong Monsoon Signal &

&‘. {SIGNAL| Fire Danger Warning &

E (SIGNAL) Cold Weather Warning =

(SIGNAL) Frost Warning <,

Warning
bulletin
preparation
wizards

‘LE: (SIGNAL) Tsunami Warning

1: Tsunami Information Bulletin =,
..

Rain Alert

~" Amber Rainstorm Warning Signal Special Announcement =

-‘__ Red Rainstorm Warning Signal Special Announcement %,
Bed #
g

- Black Rainstorm Warning Signal Special Announcement %

*-1 Landslip Warning Special Announcement %,

| -
4 n b
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HKO GTS DBMS

Read-write
transactions

P

NMC Macau

Primary
node

HKO GTS DEMS

Standby
node

secondary

HACMP cluster

Shared Disk Device

NWP models

Data are

‘pushed”

to user
applications
to minimize

Graphical Display System
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Upgrade GTS DBMS

Read-write
transactions

NMC Macau

Primary
database

Active standby
database

HKO upgrade GTS DBMS

NWP models

Read-only
transactions

Graphical Display System
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HKO MINDS DBMS

Middle-tier Application

Server Clients

Read-write
transactions

Forecasters

Cluster
Interconnecting
Switches

RAC Node 1

Storage Area
Network

Mirrored
Disk Array

HKO MINDS DBMS

/&

Standby
Database

S

Leased-line Clients

Fax Clients

-4

SMS Clients

IVRS clients

Web clients
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Conclusions

 MINDS database

— Use RAC for high availability (a mission-critical
system for public weather service operating round the
clock with little tolerance in down time)

— Use RAC for high scalability (choose a scalable
storage system)

e GTS, AWS, Rainguage databases

— Use Data Guard to improve availability (no shared
disk device needed)

— Deploy active standby database for read-only access
to offload primary database
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