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• We are all striving for integrated 
multi-hazard early warning services 
in support of WMO’s Strategic Plan 
2020-23

• This requires us to consider the 
interaction of different parts of the 
Earth’s integrated systems and 
evaluate impacts on a multi-
disciplinary basis

• Each scientific discipline needs to access data and 
insights from other disciplines before an expert 
consensus can be formed about a hazard

• We (the hydrometeorological community) tend to 
be more comfortable doing that with air and water 
than with solid earth

• We should be intentional and strategic in 
constructing data exchange for geohazards and 
connecting this to hydrometeorology.

• Examples for tsunami (all sources, not just earthquakes), and 
volcanic eruptions (which produce multiple hazards). More details 
are shown in the next two slides.

• There are already unmet requirements for this to happen, but the 
needs will only increase over time. We must allow for geohazards in 
our future design.



Example 1 - Tsunami

Tsunami have multiple 
sources.  Fantastic 
progress has been 
made, led by 
UNESCO/IOC at building 
the warning system 
with a focus on 
earthquakes.
An eventual  
comprehensive warning 
system will require 
greater, operational 
exchange of oceanic, 
seismic, volcanic, and 
astronomical data in 
addition to complex real 
time inundation 
modelling.

Generally, data flows are not 
one-way - experiences in 
operational warnings show 
that mutual exchange of data, 
insights, respect and 
understanding is necessary, 
with science research & 
operations, and emergency 
responders all in community. 
Our data management needs 
to support this.

The complex Palu and Donggala
tsunami of September 2018 and 
the Anak Krakatau (volcanic) 
tsunami of December 2018 
highlighted the need for progress 
in broadening the tsunami 
warning system. Global data 
networks need to keep pace in 
an integrated fashion. This 
cannot happen without strategic 
intent across the UN system.



Example 2 - Volcanoes
Volcanic hazard Co-dependencies (Possible) approach

Ash hazard to aviation Dispersion modelling, eruption height 
observations, satellite-based and in-situ 
airborne observations, ash characteristics, 
eruption forecasts. Eruption detection also 
using infrasound, lightning, visual obs.

International Airways Volcano Watch in place –
ICAO/WMO with IUGG and others. Lots more to be 
done, particularly having State Volcano Observatories 
as equal partners in the warning system

Ashfall hazard to 
cities/agriculture

Fall-out modelling, eruption height 
observations, ash characteristics, eruption 
forecasts

Use of Global Data-Processing and Forecasting System 
(GDPFS) in fall-out modelling. Ashfall observations 
exchanged in real time. Ashfall forecasts need to be 
consistent with services for aviation and shipping.

Tsunami (see previous slide) Tsunami wave height observations, modelling 
approaches, relevant eruption observations 
including seismic observations, eruption 
forecast probabilities.

Integrated warning system agreements covering which 
data is needed for which specific hazard. Explicit 
connection to tsunami warning systems (eg, the 2018 
Anak Krakatau eruption created a large ash cloud)

Lahars (volcanic mudflows) Lahars usually triggered by rainfall – major 
hazard for years post-eruption

GDPFS assistance for high resolution rainfall modelling 
on slopes. Observation networks designed for rapid 
deployment post-eruption.

Volcanic gases Local scale and climate-scale impacts Connect ash monitoring with global and local scale gas 
monitoring.

Dome collapses Some volcanic dome collapses are triggered by 
heavy rainfall

Long, medium, and short range intense rainfall 
forecasting for State Volcano Observatories

We must explicitly include geohazards in earth system data exchange in the 21st century –
we cannot credibly achieve a multi-hazard early warning system without this.  Our 
requirement should be ‘weather, climate, water, and earth’. The ‘how’ comes next…..
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