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Outline 

• BOM warning services 

• Weather information value chain 

• Co-development of a new warning service:  thunderstorm 
asthma 

• Toward more effective warnings for hazard impacts 
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BOM's target: Zero lives lost 

• A key responsibility of the Bureau is 
the provision of warnings to protect 
life and property. 

• Need to provide the right warning 
products, to the right people, at the 
right time with the information they 
require to effectively project life and 
property.  

March 2018 Mid-North Coast flooding with rainfall streaming 
into the catchment with severe weather and flood watches and 
warnings current. 



Hazard warning services @ BOM 

Water hazards impacting public safety 

• Riverine flood 

• Flash flood 

• 7 Day streamflow forecasting 

• Tsunami 

• Coastal flooding 

 

Weather and marine forecasts 

• Public weather  

• Agricultural weather  

• Marine weather 

• Ocean services 

Extreme Weather 

• Fire weather 

• Heatwave 

• Tropical cyclone 

• Thunderstorm 

• Severe weather 

• Thunderstorm asthma 

• National multi-hazard 
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Outlook 

• Plan 

Watch 

• Be prepared 

Warning 

• Act! 



Weather information value chain 
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Observations 
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Nowcasting 

Extrapolation of observations forward  
in time 

• Usually spatial (radar, satellite) 

• Minutes to a few hours 

• May include very short-term forecasts 
from high resolution numerical 
models 
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OZONE 

SATELLITE WINDS 

SYNOPS AND SHIPS BUOYS RADIOSONDES PILOTS AND PROFILERS 

AIRCRAFT IR AND MW SOUNDERS WATER-VAPOUR RADIANCES 

SSM/I SCATTEROMETER 

Global observation coverage 



Numerical weather prediction (NWP) 

Initialisation 

NWP samples the state of the atmosphere at a given time 
(initial condition) and uses the equations of motion to 
estimate the state of the fluid at a future time. 

– The initial condition is generated by entering 
observation data into the model - this process is called 
data assimilation 

– Modern data assimilation methods are highly complex 
mathematical algorithms to extract maximum amount 
of information from the observations 

– Assimilation also maintains balance between the mass 
fields (pressure, temperature) and the wind field 

– Improved assimilation methods are responsible of 
major improvements in weather forecasts 
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ACCESS model 

Coupler 

(OASIS) 

Atmosphere 

(UM) 

Sea-ice 

(CICE4) 
Ocean Carbon 

(CSIRO) 

Chemistry 

(UKCA) 

Land surface 

(CABLE) 

Ocean 

AusCOM (MOM4) 

Dynamic Veg. 

(LPJ) 

Assimilation 

(4DVAR) 

OBS 

Assimilation 

(BODAS) 

OBS 

Assimilation 
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Numerical weather 

prediction (NWP) 

Seamless prediction of weather, 
climate, & Earth System 



an fc 

an fc 
an fc 

an fc 
an fc 

an fc 
an fc 

an fc 
an fc 

an fc 
an fc 

deterministic 

ensemble 

Typically 10-50 "members" in a NWP ensemble 

Deterministic & ensemble NWP 



ACCESS NWP 
Major developments 2017-18  

ACCESS-C ACCESS-R 

ACCESS-TCX 

ACCESS-TC 
(relocatable) 

ACCESS-G (global) 

• ACCESS-C2  (APS2 ACCESS-C) 
– 1.5km resolution, "convection permitting" 

• ACCESS-G3 / GE3  
– Major code upgrade (UM10.6+) 

– Major data assimilation upgrades  

– G & GE (ensemble) one system 

• ACCESS-C3 / CE3 
– Same base code as G/GE3 (incl. ensemble) 

– Includes data assimilation 

– Focus on short lifecycle phenomena  

• Storms, fire weather, major wind changes 

• More frequent updates to forecasts 
 



Data products & post-processing 
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Technical post-processing  
• Remapping 
• Thinning 
• Dissemination 

Statistical – dynamical post-processing 
• Bias correction 
• Downscaling 
• Compositing 

Product generation 
• Charts 
• Alerts and warnings  
• Probability forecasts 



Forecast systems & operations  
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Forecast & warning services 
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Example:  Tropical cyclone 
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Example:  Tropical cyclone 

Text advisory containing: 

• Headline to provide a quick update  

• Area covered 

• Cyclone name 

• Intensity category 

• Latest observed location of cyclone centre 

• Distance of cyclone to significant locations 

• Expected or recent cyclone movement  

• Description of potential hazards (destructive 
winds, storm tide, heavy rain) 

• Advice on actions to be taken  

• Issue time for next warning 17 



Keeping up with technology 
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"Customers" (incl. public) 
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Stakeholders for weather information 

Public 
health 

Tourism 

Insurance Emergency 
services 

Public 

Aviation 

Maritime 

Water 

Primary 
industries 

Oil & gas 

Defence  

Construc-
tion 

Renewable 
energy 

Mining 
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“The Bureau website,  
I get a bit frustrated. I’ve 
got to sit down and think 
about where to find it and 
try and navigate to there.” 
[Senior Manager, NSW RFS] 

“All we get from the 
heatwave service are 
low-resolution maps with 
yellow, orange and red 
blobs. It’s really hard to 
know what areas are 
affected.” 
[Senior Manager, NSW 
Health] 

“You’re giving information,  
but not any advice. I think  
that there’s an opportunity  
to build on the forecast and 
provide resources, to assist 
people in identifying  
hazards and risk.” 
[Senior Advisor, Yarra City 
Council] 

“We do have a couple of  
social media sites in the 
Territory that are quite  
active, and I’m monitoring 
those to get a sense of 
excitement 
[Manager, NT Emergency Service] 

Voice of the Customer 



Strengthening the value chain 
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Dissemination 
Perception & 
interpretation 

Decision 
making 

Broadcast 
 
 
 

Internet 
 
 
 
 

Phone 

Impact 
 
 
 
 

Probability 

Stay or go 
 
 
 
 

Shelter 
 
 
 

Start or stop 

Customer 
Benefit 



Example value chain for  
fire weather prediction 
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Observations • Weather, fuel 

Modelling 
• High-res  NWP, fire 

behaviour 

Post-processing • Calibration, remapping 

Systems & 
operations 

Forecast s & 
warnings 

Dissemination 

Perception & 
interpretation 

Decision 
making 

Community 
benefit 

• Interactive display 

• Embedded 
meteorologist 

• Web, video, app 

• Training, consultation 

• Risk analysis.,  
go/no go 



Designing a new warning service 
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Thunderstorm asthma 
event, 21 Nov 2016 
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(Source: Chief Health Officer's report) 

Ambulance callouts 



Pollen ruptures 

due to osmotic 

shock 

Allergenic starch 

granules concentrated in 

gust front 
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Hypothesised mechanism for 
thunderstorm asthma 



Exercise: Using the value chain to help 
design a warning service 

Observa-
tions 

Modelling 
& Now-
casting 

Data 
Products & 

Post 
Processing 

Forecast 
Systems & 
Operations 

Forecast & 
Warning 
Services 

Dissem-
ination 

Perception 
& Inter-

pretation 

Decision 
Making 

Customer 
Benefit 

Observa-
tions 

Modelling 
& Now-
casting 

Data 
Products & 

Post 
Processing 

Forecast 
Systems & 
Operations 

Forecast & 
Warning 
Services 

Dissem-
ination 

Perception 
& Inter-

pretation 

Decision 
Making 

Customer 
Benefit 

Customer:  Health Department (DHHS Victoria) 
 
Objective:  Enhanced community safety and emergency response during 

epidemic thunderstorm asthma events 
  
Start with the objective in mind 



Thunderstorm asthma forecast service 
– timescales for critical responses 
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Respond Review Prepare Plan 

CHO and institutional 
responses 

Community/individual 
responses 

Turn on early detection 
of impact 

Enact thunderstorm asthma plan: 
• Stand up medical and emergency 

response staff 
• Inform vulnerable patients/community 
• Review/rapid update on training 

Open hospital 
wards 

Consider cancelling sports/outdoor  events  

Post event impact 
analysis 

Education campaign at 
start of season 

Seasonal indicators of high pollen 
season informs longer term planning 

• Stay indoors 
• Take medication 
• Call Nurse On Call for advice 
• Symptoms – 000, NOC, GP, 

chemist 
• Advise people to switch air cond. on 

and close windows in cars 

• Change plans 
• Work from home 
• Work inside 
• Cancel sports/outdoor activities 
• Take medications as part of 

action plan 

• Check medication 
• Asthma treatment plans 
• Visit GPs 



Epidemic thunderstorm asthma 
forecast service 
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Enhanced 

community safety 

and emergency 

response during 

epidemic 

thunderstorm 

asthma events 

4. Enhanced 

decision making 

Decision making 
process,  

response plans, 
training 

3. Operational 

service 

Threshold tools, 
alerts and briefings 

2. Forecasting and 

data processing 

Research and  
data integration 

1. Observations 

Pollen counters,  
met observations, 

feedback from 
public, health 

indicators 

Feedback insight and learnings 



Co-development of a warning service 
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Used by BOM forecasters to predict risk of epidemic 
thunderstorm asthma during pollen season (Oct-Dec) 

Multi-
disciplinary 
partnership 



Thunderstorm asthma forecasting 

Pilot services 

• Enhanced pollen observations 

• Forecasts to DHHS during Oct-Dec 

• Issued to public via Vic Emergency 

Research 

• Improved thunderstorm forecasting 

• Pollen observation and prediction 

• Vegetation state from satellite and 
"phenocam" 

• Statistical pollen forecasting 

• Pollen emissions, transport & 
dispersion modelling 

• Pollen size distribution 
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Toward more people-centred warnings 

1. Severe thunderstorms are expected with 
wind  gusts exceeding 90 km/h.  

2. Severe thunderstorms with gusts over 90 
km/h will result in damage to trees and 
power lines.  

3. Extensive delays in Kensington may occur 
due to the risk of large trees downing 
power lines and blocking roads as a 
result of thunderstorms. 

Weather forecast and warning 
(Hazard only)  

Impact-based forecast and warning 
(Hazard and Vulnerability) 
 

Impact forecasts and warnings 
(Hazard, Vulnerability and Exposure)  

Not just what the weather might be, but what the weather might do and 
how that might affect you. 



Predicting impacts 

Coupling weather information to hazard and impact models 
• Bushfire, flood, inundation, air pollution, etc. 

• Structural damage, economic loss, public health, etc. 

Hazard 
 

Wind gust 
Flood 
Storm surge 
Dangerous waves 
Bushfire 
Heat wave 
Air pollution 

Weather, 
Climate, Ocean  
 

Rain 
Temperature 
Wind 
Waves 
Lightning & hail 
Visibility 

 
 
 

Impact 
 

Accident 
Damage, destruction 
Injury 
Loss of life 
Reduced traffic flow 
Shut down industry 
Environment 

Operational 
Decision 

Mobilise on-call staff 
Issue warnings 
Reroute traffic 
Cancel operations 
Implement backup 
Prepare hospitals 



Key elements of an  
impact forecast system 
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Source: WMO Guidelines on Multi-Hazard Impact-
Based Forecast and Warning Services  (2015) 

Ensembles 
and/or  

probabilities 
are best! 



Impact prediction – UK examples 
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BOM & GA hazard impact forecast 
development (early days!) 
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Hazard: Heavy rain 
and strong wind 
(gusts) from high-res 
ensemble NWP 

Vulnerability: 
Relationship 
between wind gusts 
and building damage 

Exposure: NEXIS 
National Exposure 
Information System 

x x = 

Hazard impact risk forecast  
(spatial, probabilistic) 



Impact modelling challenges 

• Diversity of impacts and vulnerabilities 

• Poorly understood mechanisms 

• Coupling with social sciences 

• Lack of consistent observations 

• Rare events 

• Inconsistent reporting 

• …poor data for calibration, training, verification 

• Shortage of vulnerability datasets 
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Partnerships 
are essential 



• Bureau of Meteorology 

• State and Commonwealth Governments 

• World Meteorological Organization 

• Universities 

• National research organisations (CSIRO, GA, NCI, ...) 

• Bushfire & Natural Hazards CRC 

• Agency and industry users (fire, health, energy, …) 

• Technology industry (e.g. IBM) for additional capability 

Australian high impact weather 
partnerships 
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Integrating social science within 
weather agencies  

Four elements of end to end, people-centred multi-hazard early warning system: MHEW WMO 2018   

Disaster risk knowledge 

Warning dissemination 
and communication 

Preparedness and 
response capabilities 

Detection, monitoring,  
analysis and forecasting of 
the hazards and possible 

consequences  



High Impact Weather (HIWeather) project 

Vulner-
ability & 

Risk 

Multi-scale 
Forecasts 

Commu-
nication 

Evalu-
ation 

Predict-
ability  & 
Processes 

Impact forecasting  
Verification 

Knowledge transfer 

Field campaigns & demonstrations 

Uncertainty 
Design of observing strategies 

Applications in the forecasting process 

Data management & archiving 



Vulner-
ability & 

Risk 

Multi-scale 
Forecasts 

Commu-
nication 

Evalu-
ation 

Predict-
ability  & 
Processes 

Impact forecasting  
Verification 

Knowledge transfer 

Field campaigns & demonstrations 

Uncertainty 
Design of observing strategies 

Applications in the forecasting process 

Data management & archiving 


