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Climate change is likely to affect the intensity, 
frequency and temporal structure of heavy rainfall 

(IPCC, 2014)
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Extreme precipitation intensity should increase with 
temperature at approx. Clausius-Clapeyron

Air temperature influences extreme rainfall intensity due to 
the increased water vapour-holding capacity of warmer air
that follows the Clausius–Clapeyron (CC) relation:

Es is the saturation vapor pressure at temperature T, Lv is the latent heat of 
vaporization, and Rv is the gas constant

CC ≈ 7%C−1 is a reasonable approximation

Due to energy constraints, total precipitation will increase at 
a slower rate meaning intensity increases must be offset by 
duration and frequency changes

Trenberth et al. (2003)



Temperature-precipitation scaling strengthens at short 
time scales – so will hourly precipitation intensities 

increase at a faster rate with warming?

• Therelationshipbetweenrainfallandaclimateva
riableisdefinedusingalinearregressionbetween
thenaturallogarithmicofrainfallandnear-
surfaceairtemperature

Hourly Daily

Lenderink and Meijgaard (2008)

Defined using a linear regression between the natural 
logarithmic of rainfall and near-surface air temperature



Scaling depends on event type (convective fraction)

Berg et al. (2013)



Global scaling of daily extreme precipitation with 
surface air temperature and dew point temperature

Ground 
Observations

Td = T - ((100 - RH)/5.)

Ali, Fowler and Mishra, GRL (2018)

Wasko et al. (2016)



Scaling confirmed at 6-7% per °C warming for daily 
extreme rainfall

Ali, Fowler and Mishra, GRL, 2018Using Zhang et al. (2017) method



Synthesis of regional changes in sub-daily 
extreme rainfall intensity 

Updated from Westra et al 
2014 by Blenkinsop for 
BAMS State of Climate 2019
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GSDR- Global Sub-Daily Rainfall dataset -~25,000 stations 

National datasets: UK, US, Canada, Brazil, France, Germany, Spain, Portugal, Italy, 
Philippines, India, Norway, Sweden, The Netherlands, Finland, Australia, Kenya, 
Indonesia, Slovenia, Costa Rica, Argentina, Switzerland, Austria, Hungary, 
Panama, Ireland, Japan, Malaysia, Singapore, Dominica, Trinidad & Tobago
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GSDR: Lewis et al. 2019: Journal of Climate

Global dataset: HadISD, approx. 10,000 stations (varying data quality, more 
useful data at 3h and 6h), freely available sub-daily precipitation data. Plus 
access to additional datasets (i.e. E Europe, China) to calculate indices.
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Assessing hourly rainfall climatology

Barbero et al, in revision, WACE



20y-RL estimated from Amax precipitation vs total 
annual precipitation at daily and hourly scales 

Hourly relatively 

more intense in 

dry regions (up to 

1500mm rainfall)

Barbero et al, in revision, WACE



20y-RL estimated from Amax precipitation vs total 
annual precipitation at hourly scale 

Approx. same rate 

of rise with AAP 

but offset at higher 

rate in the Tropics

Barbero et al, in revision, WACE



Storm duration producing 1hr AMP and wet hours 
contributing to 24hr AMP 

Barbero et al, in revision, WACE



1hr AMP and maximum CAPE observed over previous 
24-hr period 

Barbero et al, in revision, WACE



Increase in the frequency of daily heavy precipitation 
consistent with CC scaling

Fischer and Knutti, Nature Climate Change, 2016



Australia: Changes in magnitude

Guerreiro et al., Nature Climate Change, 2018



Global dewpoint temperature scaling of hourly 
extreme precipitation

Ali et al., in prep



Wasko and Sharma, 2015, Nature Geoscience

More intense peak precipitation 

and weaker precipitation 

during less intense times – is 

found at higher temperatures, 

regardless of the climatic 

region and season



Effect of temperature on storm size and 
intensity: Observed changes

Wasko et al. 2016 Lochbihler et al. 2017

The NetherlandsAustralia



Convection-Permitting Climate Models 

Grid spacing ≤ 4 km

Explicitly represent 

convection without need 

for parameterisation 

scheme.

Now many studies and 

continental-scale 

domains

Included in UKCP18

More realistic extremes, 

duration, frequency of 

events and diurnal cycle. 

Needed for robust projections of change 

to duration and intensity of summer 

convective rainfall 

- Kendon et al, BAMS, 2017



Future change in heavy rainfall

• Summer precipitation intensities increase by 30-40% for short-
duration extreme events – even larger increases in Scotland

• Hourly events over 30mm show a five-fold frequency increase

• Used to provide revised guidance for UK sewer design for UK 
Water Industry Research (UKWIR) project (with CH2M). Will be 
revised again with UKCP18 outputs.

12km model future change 1.5km model future change

Kendon et al, 2014, 

Nature Clim. Change



Effect of temperature on storm size and intensity
Future projections

Prein et al, 2017, NCC

Implication: Important to look at total event rainfall (including 
duration and spatial extent) as well as peak intensity 



Longer duration events and higher peak 

intensities as temperature increases

• Rainfall 
composites for 
peak 10-min 
intensity > 99 
percentile.

• (a) 10-min 
intensity

• (b) accumul. 
since t-300

Chan et al. ERL, 2016



European CPM – projected changes
Seasonality change of heavy 1hr precipitation

Chan et al, submitted

Season of maximum 

POT6 1hr 

precipitation events



Opposite seasonal trends

Average decadal changes in 

precipitation for the Greater Sydney 

region over 1966–2012.

Zheng et al. 2015, Nature Climate Change

Implication: Small sub-catchments could exhibit very different 
flood trend magnitude (or even direction) to larger catchments 



Summary

• We can expect rainfall extremes to increase with global warming.

• Evidence that extremes scale with regional and global temperature and
some evidence of super-CC scaling for hourly extremes but several
challenges remain in identifying relative response to warming in
observations at daily and sub-daily timescales. Changes/trends different for
different seasons and frequency/magnitude changes.

• Greater understanding of large-scale drivers and interaction with
thermodynamics is needed.

• Great potential in linking understanding gained from observations and new
very-high-resolution convection-permitting model developments.

• Need for updates to flood risk estimation methods and guidance for
surface water flooding climate allowances.

© Crown copyright   Met Office
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