Information brief
Future tropical cyclone risk in the Philippines
This information brief summarises new research on tropical cyclone projections for the Philippines in
the mid 21st century, and highlights the implications for long-term planning and adaptation decisions.

Building resilience following Typhoon Haiyan
Typhoon Haiyan (locally named Yolanda) struck the Philippines in November 2013, causing significant damage
and loss of life. In response, the UK Department for International Development (DFID) pledged support for the
recovery and reconstruction effort. DFID has funded the Met Office, in partnership with the Philippine Atmospheric,
Geophysical and Astronomical Services Administration (PAGASA), to help strengthen PAGASA’s technical capabilities
as well as provide state-of-the-art information on future changes to tropical cyclones and climate extremes to guide
decisions and build resilience to future climate risks.

What do previous studies say about
changes to tropical cyclones in the region?
The number of tropical cyclones in the Philippines region
varies greatly from year to year (see figure right). Recent
studies show that average tropical cyclone intensities
and annual frequencies have not changed significantly
over the past century in the Philippines region1, 2, though
earlier studies have suggested a slight increase in the
frequency of the most intense tropical cyclones3, 4.
The Intergovernmental Panel on Climate Change (IPCC)
has assessed past studies of projected future changes to
tropical cyclones in the region over the next century. Its
latest report5 states that an increase in the number
of intense tropical cyclones is “more likely than not”
in the western North Pacific region, albeit with the
possibility of fewer tropical cyclones overall.

Number of total (dark blue) and landfalling (light blue) tropical cyclones
each year in the Philippines region (Adapted from Cinco et al 2016).

How has the project added
to knowledge on future
tropical cyclone risk?
The Met Office and PAGASA have analysed
a range of computer simulations and
observations to investigate changes in
tropical cyclone activity by the mid-21st
century in the Philippines region.

New PRECIS installation at PAGASA - August 2015

Approach to generating
new climate information
Computer simulations of the Earth’s climate, from
Global Climate Models (GCMs), are useful for providing
information about future climate change. However,
current GCMs are unable to realistically simulate
tropical cyclones. Regional Climate Models (RCMs)
were therefore used to add detail to simulations from
GCMs – a process known as “downscaling” – to enable
more realistic simulations of tropical cyclones over the
Philippines region. In this project the Met Office used its
latest RCM, HadGEM3-RA, to downscale simulations
from three GCMs that are able to reliably represent
the climate of the Philippines region. PAGASA has used
additional RCMs to downscale one of these GCMs. The
simulations assume large business as usual increases in
greenhouse gas concentrations during the 21st century.
Data from all of these different model simulations
enables us to build on existing knowledge and improve
our understanding of how tropical cyclones might
change in the future.

Workshop on reviewing available methods and climate data for use in climate
projections for the Philippines - PAGASA, February 2016

Domain used in Regional Climate Model simulations

What are the projected future changes
to tropical cyclones in the Philippines region?
Climate Model Simulations
1

2

3

Change in tropical
cyclone frequency
Change in tropical
cyclone intensity

4

5
Projected changes to tropical
cyclones affecting the Philippines
by the mid-21st century assuming
large increases in greenhouse
gas concentrations. Black arrows
indicate clear changes, grey arrows
indicate possible changes, and a
dash indicates no change.

Each model simulation shows different changes in future tropical cyclone activity, meaning that there is a range of
possible future outcomes. Three simulations project fewer tropical cyclones in the Philippines region by the mid-21st
century than in the current climate, while two simulations show no change. Two of the five simulations show a small
but clear increase in the intensity of tropical cyclones, while the other three simulations show no clear trend. The key
findings from all five simulations are:
• The total number of tropical cyclones in the Philippines region is likely to remain the same or decrease by the
mid-21st century
• Results show some evidence of an increase in the intensity of tropical cyclones in the Philippines region by the
mid-21st century
• There will continue to be high year-to-year variability in the number and intensity of tropical cyclones
Our results are consistent with previous research that projects fewer tropical cyclones and an increase in tropical
cyclone intensity over the 21st century in the western north Pacific1. However, all of these model-based results
should be treated with caution and projected changes are small compared to year-to-year variability. In all
simulations, the number of tropical cyclones varies substantially each year due to natural climate variability and
the influence of large-scale climate processes, such as the Pacific Decadal Oscillation (PDO) and El Niño Southern
Oscillation (ENSO). This means that past experience of tropical cyclones should continue to be an important element
in understanding future risks. In particular, analyses of past tropical cyclone activity suggests that with no intensity
changes an event such as Typhoon Haiyan would be expected between once every 200 to 500 years (i.e. between a
2% and 5% chance of occurring in any decade).

What other factors contribute to future changes in tropical cyclone risks?
One way in which future changes in tropical cyclone risks
could affect communities, infrastructure and ecosystems in
low-lying coastal areas is through changes to the height of
storm surges. Storm surges are temporary increases in the
sea level caused by high winds and atmospheric pressure
variations associated with storms.
Future sea level rise will act to increase the hazard posed
by storm surges from tropical cyclones. Our study finds
that average sea level around the Philippines will rise over
the 21st century. The sea level is likely to rise between
15 and 30 cm by mid-century and between 30 and 110 cm
by the end of the century; lower increases by the end of the
century are more likely if greenhouse gas emissions decline,
though the effect on mid-century sea levels is minimal.
In some coastal cities, such as Manila, land subsidence
will further increase sea level relative to the shoreline. An
additional increase of several tenths of a metre by 2100
is possible if sections of the Antarctic ice sheet collapse,
though this is currently thought to be unlikely.

Sea level rise (SLR) projections for the 21st century assuming
continuing increases in greenhouse gas concentrations. The black
line shows a central estimate of sea level change averaged across
the globe and the grey shading shows the likely range of values.
The blue line and shading shows equivalent information for Legaspi
in the Philippines; the projected changes for locations across the
Philippines are similar to those for Legaspi.

As well as the nature of the physical tropical cyclone hazard, the overall risk posed by tropical cyclones to the
Philippines depends on the vulnerability and resilience of communities and critical infrastructure. Additional
socio-economic factors that affect tropical cyclone risks include:
• Increasing population density and land use changes
• The capacity of infrastructure to withstand high wind speeds and intense rainfall
• The effectiveness of early warning systems and disaster response

What do the results mean for decision making?
The new information on projected future tropical cyclone changes can inform planning decisions and increase
resilience to climate change risks in the Philippines.
The model projections can be used to inform decisions with planning time horizons of at least 30 years – e.g. energy
infrastructure investment decisions or deciding where to locate new housing developments. Used in conjunction
with historical tropical cyclone risk information, decision makers can determine whether or not plans or policies may
need to change to account for possible future conditions. For example, would a decrease in the number of tropical
cyclones, as suggested by some of the climate model simulations, and an increase in storm surge heights when tropical
cyclones do occur, mean that current plans or policies need to be revised? Answering such questions may require
additional analysis in, for example, flood risk modelling, understanding economic losses, or mapping coastal inundation.
If additional analysis requires more detailed climate information, then please contact the project partners using the
contact information at the end of this brief.
Many government and private sector decisions have much shorter planning time horizons and are more sensitive to
information about tropical cyclones in the nearer future. In addition to the future climate information for the mid-21st
century, this project has also helped PAGASA improve early warning systems for tropical cyclones.

What further research is required?
This project has added evidence to support a possible future decrease in the frequency of tropical cyclones
affecting the Philippines in the future and a possible slight increase in the intensity of tropical cyclones in the
Philippines region. Further research is needed to strengthen confidence in these conclusions and to examine other
aspects of tropical cyclones relevant to the hazard that they pose. Further modelling could contribute to this and
would help scientists to determine whether the simulated changes in tropical cyclones by the mid-21st century are
part of a longer-term trend or are temporary changes due to natural variations in the climate. Through this project,
the capacity of PAGASA to undertake such modelling has been enhanced.

For more information:
Further scientific and technical information about the tropical cyclone analysis can be found in a
technical report and a synthesis report. An additional report provides further details on the projections
of mean sea level change for the Philippines. All project reports, as well as contact details for project
partners, are available at the project website:
http://www.metoffice.gov.uk/research/applied/applied-climate/philippines

References
1. Kubota and Chan (2009) Interdecadal variability of tropical cyclone landfall in the Philippines from 1902 to 2005. Geophysical Research Letters, 36 L1280
2. Cinco et al. (2016) Observed trends and impacts of tropical cyclones in the Philippines Int. J. Climatol.
3. Chu et al. (2002) The joint typhoon warning center tropical cyclone best-tracks, 1945–2000. Naval Research Laboratory technical report, NRL/MR/7540-02-16.
4. Webster et al. (2005) Changes in tropical cyclone number, duration, and intensity in a warming environment. Science 309.5742: 1844-1846.
5. Christensen et al. 2013: Climate Phenomena and their Relevance for Future Regional Climate Change. In: Climate Change 2013: The Physical Science Basis.
Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Stocker et al. (eds.)]. Cambridge University
Press, Cambridge, UK and New York, NY, USA.
Front image: Met Office forecast data of Typhoon Megi in 2016
Produced by the Met Office. Met Office and the Met Office logo are registered trademarks. © Crown Copyright 2016, Met Office 16/0840

