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• Introduction to extremes 
• Extreme Value Theory 
• Extreme rainfall example 

• Dublin Airport 24-hour rainfall  

• Extremes in a changing climate 
• Extremes with projections 
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Extremes analysis applications
Building standards



Extreme Value Theory
• Example: Sampling from a distribution – uniform (0,1) 
• Mean of a Sample

• Central Limit Theorem
• Distribution of sample means approaches normal distribution
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Extreme Value Theory
• Example: Sampling from a distribution – uniform (0,1) 
• Maximum of a sample

• Distribution of sample means approaches Extreme Value Distribution

• Uniform Distribution => reversed Weibull Distribution
• Upper bound, distribution tail towards −∞
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Extreme Value Theory

• Generalised Extreme Value distribution - pdf
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ξ = 𝑠ℎ𝑎𝑝𝑒
𝜎 = 𝑠𝑐𝑎𝑙𝑒

𝜇 = 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛

Parent distribution Shape EVD Type Bound

Uniform < 0 reversed Weibull Type III upper

Weibull (wind) 0 Gumbel Type I none

Gamma (rainfall) > 0 Fréchet Type II lower



Extreme Value Theory
• Cumulative Distribution Function - calculation of exceedances

F 𝑥|ξ, 𝜎, 𝜇 = exp( −  1 + ξ
𝑥 −𝜇

𝜎

−
1

ξ
) 

ξ = 𝑠ℎ𝑎𝑝𝑒
𝜎 = 𝑠𝑐𝑎𝑙𝑒

𝜇 = 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛

Gumbel (shape = 0.2)

pdf

CDFP(x)

Rainfall (mm) ro

F(ro)
Probability of non-exceedance =  F(ro) = 0.9

Probability of exceedance = 1 - F(ro) = 0.1 

Return years = 1 / (1 - F(ro)) = 10 years
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Example – Dublin Airport 24 hour rainfall

• Raw daily rainfall data over 68 years



• Annual maxima (block maxima – GEV distribution)

Example – Dublin Airport 24 hour rainfall



Annual Maxima dataset

• Dublin Airport 
• 68 years of rainfall data (1958 – 2025) 
• 24 hour duration rainfall amounts 
• Analyse the annual maxima 

year month day
24 hour rainfall 

(mm)
1958 6 25 45.8
1959 11 13 35.2
1960 10 2 50.6
1961 9 28 35.9
1962 9 26 33.7
1963 8 16 55.8
1964 8 16 28.3
1965 11 16 46.0

… … … …
2025 7 21 47.6



year month day
24 hour rainfall 

(mm)
rank

1993 6 11 92.6 1
2014 8 2 85.3 2
2011 10 24 77.4 3
2008 8 9 76.2 4
2002 11 14 75.4 5
1986 8 25 72.4 6
2000 11 5 66 7
1963 8 16 55.8 8

… … … … …
2010 9 6 21.1 68

year month day
24 hour rainfall 

(mm)
1958 6 25 45.8
1959 11 13 35.2
1960 10 2 50.6
1961 9 28 35.9
1962 9 26 33.7
1963 8 16 55.8
1964 8 16 28.3
1965 11 16 46.0

… … … …
2025 7 21 47.6

Data ordering 

• Ordered annual maxima



year month day
24 hour rainfall 

(mm)
rank

1993 6 11 92.6 1
2014 8 2 85.3 2
2011 10 24 77.4 3
2008 8 9 76.2 4
2002 11 14 75.4 5
1986 8 25 72.4 6
2000 11 5 66 7
1963 8 16 55.8 8

… … … … …
2010 9 6 21.1 68

Plotting

• Plot extreme values versus exceedance rate 

Rainfall ≥ 92.6mm once in 68 years



Plotting

• Plot extreme values versus exceedance rate 

Rainfall ≥ 85.3mm twice in 68 years -> return year 68 / 2 = 34 years

year month day
24 hour rainfall 

(mm)
rank

1993 6 11 92.6 1
2014 8 2 85.3 2
2011 10 24 77.4 3
2008 8 9 76.2 4
2002 11 14 75.4 5
1986 8 25 72.4 6
2000 11 5 66 7
1963 8 16 55.8 8

… … … … …
2010 9 6 21.1 68



Plotting

• Plot extreme values versus exceedance rate 

Rainfall ≥ 𝒚 mm, ‘rank’ times in 68 years -> return year 68 / rank = 𝒙 years

year month day
24 hour rainfall 

(mm)
rank

1993 6 11 92.6 1
2014 8 2 85.3 2
2011 10 24 77.4 3
2008 8 9 76.2 4
2002 11 14 75.4 5
1986 8 25 72.4 6
2000 11 5 66 7
1963 8 16 55.8 8

… … … … …
2010 9 6 21.1 68



Fitting model to observation data

• Exceedances can be fitted using a GEV CDF

Rainfall ≥ 𝒚 mm, ‘rank’ times in 68 years -> return year 68 / rank = 𝒙 years

year month day
24 hour rainfall 

(mm)
rank

1993 6 11 92.6 1
2014 8 2 85.3 2
2011 10 24 77.4 3
2008 8 9 76.2 4
2002 11 14 75.4 5
1986 8 25 72.4 6
2000 11 5 66 7
1963 8 16 55.8 8

… … … … …
2010 9 6 21.1 68

GEV CDF



Determine the return period
• Example: designing for a 1 in 100 year event

• use R – extRemes package

 
Fréchet distribution



• 1 in 10 year event expected on average 6.8 times in 68 years, a 1 in 100 year 
event may not happen at all (or could happen once maybe) 
• 1 in 10 year event (10 year return period) = 60.5 mm 

• This is exceeded 7 times in the 68 years ~ ok

• 1 in 100 year event (100 year return period) = 97.4 mm 

• No 100 year return period events ~ ok (max observed = 92.6 mm)

• The maximum extreme at a station has by definition only happened once in the 
station record: this rainfall amount has a return period ~ equal to the station 
record in years 
• 68 year station record, max at station has 77 year return period ~ ok

Extreme analysis rules-of-thumb



Extreme Value Analysis methods
• GEV using block maxima – maximum annual values
• Generalised Pareto Distribution (GPD) using maxima above a threshold (𝜃)

• Depth Duration Frequency model (DDF) ~(log-logistic distribution)
 R(T, D)  = 24hr_max_median   x 𝑫𝒔𝒄𝒂𝒍𝒆  x  (𝑻 − 𝟏)𝒔𝒉𝒂𝒑𝒆

F 𝑥 > 𝜃|ξ, 𝜎, 𝜃 = exp( −  1 + ξ
𝑥 −𝜃

𝜎

−
1

ξ
) 

ξ = 𝑠ℎ𝑎𝑝𝑒
𝜎 = 𝑠𝑐𝑎𝑙𝑒

𝜃 = 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑

100-year RP shape
GEV 97.4 mm 0.154 µ = 35.8 mm
GPD 97.1 mm 0.118 θ = 35 mm



Why use extreme value analysis?

• Distribution of bulk poorly models extreme values
• Rainfall Gamma distribution 
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Rainfall (mm)

𝑓 𝑥 𝜃, 𝛼 =
𝑥𝛼 −1 𝑒

(
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Γ 𝛼  𝜃𝛼

𝛼 > 0 𝑠ℎ𝑎𝑝𝑒
𝜃 > 0 𝑠𝑐𝑎𝑙𝑒

Rainfall (mm)

Dublin Airport
68 years of rainfall data

50mm -> 96 year return period

GEV 
50mm ~ ranked 10th

4.5 year return period



Extremes in a changing Climate
• Changing temperature in observational record 
• Clausius-Clapeyron +1oC ≈ 7% (obs data +1oC ≈ 7%…)
• Observation based distribution is non-stationary 



Irelands future Climate – TRANSLATE projections

• Single, reliable source for future climate information for Ireland
• Bias corrected, downscaled (1km x 1km) gridded projections
• Temperature, Rainfall, (Solar, RH, mean wind…) 

Relative to 
a 1976-2005 

baseline



Temperature Projections - TRANSLATE  

• RCP – Representative Concentration Pathway
• 2.5 low, 4.5 medium and 8.5 high emission projections

Dublin Airport RCP 2041-2070

2.5 +1.17 degC

4.5 +1.37 degC

8.5 +1.8 degC



Extremes with Projections

• Determine relationship between extreme rainfall and temperature (𝜶)

• Smoothed temperature (remove effects of NAO, ENSO etc)



Extremes with Projections

• Adjust GEV CDF location and scale with temperature (shape fixed)

• Recalculate projected CDF

𝜇 =  𝜇𝑜𝑒𝑥𝑝
(
𝛼𝑇′

𝜇𝑜
)

𝜎 =  𝜎𝑜𝑒𝑥𝑝
(
𝛼𝑇′

𝜇𝑜
)

Black current climate, red projection Black current climate, red projection



Summary
• Analysis of weather data to determine probability of extreme events 
• Extreme Value Theory
• Cumulative Distribution Function (CDF)

• Return period = one in 𝑥-year event = 1 / probability 

• Observational data – independent events 
• Sampling - annual maxima (block maxima), thresholded extremes   

• Single parameters – rainfall, temperature, event days 
• Compound extremes – extreme dryness and temperature... 
• Climate models – how extremes change as climate changes





DDF log-logistic model

R(T, D)  = 24hr_median   x 𝑫𝒆+𝒇 𝐥𝐧(𝑫)  x  (𝑻 − 𝟏)𝒂+𝒃 𝐥𝐧(𝑫)

• Scale e + f ln(D), rainfall as a function of duration

• Shape a + b ln(D), rainfall as a function of return period
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