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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



Data Management Systems in HKO
• GTS data (SYNOP, radiosonde, SHIP, …)

– Used since 2003
– Oracle 9i 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, 11g?

• 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



Decision Support System in HKO

• SWIRLS – Short-range Warning of Intense 
Rainstorm in Localized System

• LAPS – Local Analysis and Prediction System
• NHM – Non-Hydrostatic Model
• RAPIDS – Rainstorm Analysis and Prediction 

Integrated Data-processing System
• TIPS – Tropical Cyclone Information Processing 

System
• MINDS – Meteorological Information 

Dissemination System



HKO’s Nowcasting system - SWIRLS

• SWIRLS
– Short-range (1-6 hours)
– Warning of
– Intense (≥30 mm per hour)
– Rainstorm in
– Localized (10 – 100 km)
– Systems

• in operation since April 1999
• originally designed for rainstorms
• evolving to handle other severe weathers
• 2nd generation in operational trial in 2009



Observation Network



Raingauge Networks

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

HKO rain gauge
HKO AWS
GEO rain gauge
DSD rain gauge
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Lightning Location Detection Network

•• Sites provides by HKO, SMG and GMBSites provides by HKO, SMG and GMB

•• Equipment provided by HKOEquipment provided by HKO

•• Lightning data shared by HKO, SMG Lightning data shared by HKO, SMG 
and GMBand GMB

Macau 
site

Mainland 
China site

Hong Kong 
sites

Mainland 
China site





Basic Principles of Radar-based Rainfall 
Nowcast

storm storm 
trackingtracking

dynamic dynamic 
radarradar--raingauge raingauge 
rainfall calibration rainfall calibration 

remoteremote-- 
sensingsensing

time integrationtime integration 
(Semi(Semi--Lagrangian advection)Lagrangian advection)



SWIRLS Echo Motion Viewer



SWIRLS F/C Rainfall Viewer

Radar Radar nowcastnowcast NowcastNowcast and NWPand NWP
blbleennddeded



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



HKO-LAPS Domain (1)

• TC-LAPS
– 10 km resolution
– Mesoscale analysis over 

southern China and 
South China Sea

– Nowcast of 
wind/pressure at selected 
stations in HK during TC 
sitatuations



LAPS Domains (2)

• HK-LAPS
– 500 m resolution
– 169x135; 45 pressure 

levels
– Local scale analysis

• PRD-LAPS
– 1.5 km resolution
– 241x241; 45 pressure 

levels
– Mesoscale analysis over 

the Pearl River Delta

• GD-LAPS
– 5 km resolution
– Mesoscale analysis over 

Guangdong
– initialize moisture variables in 

NHM
– input to SWIRLS lightning 

nowcast
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Application of LAPS in mesoscale analysis

• 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:
• 5 km/1.5 km and 500 m horizontal resolution
• Initialization of cloud hydrometeor fields in non-hydrostatic 

NWP model (HKO-NHM)





60-km ORSM (Operational 
Regional Spectral Model)

9S-59 N, 65-152 E

20-km ORSM
10-35 N, 100-128 E

55--km NHMkm NHM
((NonNon--Hydrostatic ModelHydrostatic Model))

Current NWP Systems in HKOCurrent NWP Systems in HKO
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Main ApplicationsMain Applications

ORSMORSM NHMNHM WRFWRF

Regional Regional 
temperature temperature 
forecastforecast

√

Tropical Tropical 
CyclonesCyclones √ √

RainstormsRainstorms √ √

LandLand--sea sea 
breezebreeze √

OthersOthers
Research and 
specialized 
meteorological 
support



NonNon--hydrostatic Model hydrostatic Model –– NNHMHM

• 5-km horizontal 
resolution
– 121x121 grid-points, 
– 45 vertical levels 

(lowest at 10m )

• Initial condition: 
– 20-km ORSM + 

LAPS moisture 
analysis

• Boundary : 20-km 
ORSM 

• KF + cloud microphysics

• Hourly update

• Provides 12-hour 
forecast 



Operation of 5km NHMOperation of 5km NHM

• IBM p690

• 2 nodes,32 Power 4 
processors @1.1 GHz

• 48 GB memory
• Peak performance 

141 GFLOPS



RAPIDSRAPIDS –– RRainstorm Analysis and Prediction ainstorm Analysis and Prediction 
Integrated DataIntegrated Data--processing Systemprocessing 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

• 2 km resolution
• T+1 to T + 6 hour forecast



SWIRLS NHM

Radar-based nowcasting 
system; extrapolation 
effective in advective 

cases

Guidance on dynamic 
evolution of 

precipitation systems in 
rapidly changing cases

high resolution, rapidly updated
very-short-range QPF 

RAPIDSRAPIDS

Browning(1998),Browning(1998),
Lin et al (2004)Lin et al (2004)

RAPIDS



Data flow of Data flow of 
QPF blending in QPF blending in 
RAPIDSRAPIDS



SPIDASS - SWIRLS Integrated Warning Panel

product product 
names & names & 

underlying underlying 
algorithmsalgorithms



Tropical Cyclone Information 
Processing System - TIPS



Meteorological Information 
Dissemination System - MINDS



Main Features of MINDS

• 2nd Generation – fully operational since Jan 2009
• 3-Tier Design: Client + Application Server + Database
• Data stored in XML format
• Support Work Flow
• Support Role
• Automatically bring up “tasks-to-do” to users when:

– warnings criteria/thresholds reached/departed;
– Tropical Cyclones entering/leaving Area of Responsibility;
– issuance/cancellation of warnings.



MINDS User Interface

Roles

Warnings in 
force

Warning 
bulletin 

preparation 
wizards

Tasks-to-do 



HKO GTS DBMS



Upgrade GTS DBMS



HKO MINDS DBMS



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)

• 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



Thank you


	The Hong Kong Observatory’s Operational Data Management Systems
	Content
	Data Management Systems in HKO
	Decision Support System in HKO
	HKO’s Nowcasting system - SWIRLS
	Observation Network
	Raingauge Networks
	Doppler Weather Radar
	Lightning Location Detection Network
	Slide Number 10
	Basic Principles of Radar-based Rainfall Nowcast
	SWIRLS Echo Motion Viewer
	SWIRLS F/C Rainfall Viewer
	HKO’s Mesoscale Data Analysis System - LAPS
	HKO-LAPS Domain (1)
	LAPS Domains (2)
	Slide Number 17
	Application of LAPS in mesoscale analysis
	Slide Number 19
	Current NWP Systems in HKO
	Main Applications
	Non-hydrostatic Model – NHM
	Operation of 5km NHM
	RAPIDS – Rainstorm Analysis and Prediction Integrated Data-processing System
	RAPIDS
	Slide Number 26
	SPIDASS -  SWIRLS Integrated Warning Panel
	Tropical Cyclone Information Processing System - TIPS
	Meteorological Information Dissemination System - MINDS
	Main Features of MINDS
	MINDS User Interface
	HKO GTS DBMS
	Upgrade GTS DBMS
	HKO MINDS DBMS
	Conclusions
	Thank you

