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To assess the ability of 13 RCMs from the
PRUDENCE ensemble with daily data to
simulate seasonal extremes of precipitation

To produce estimates of predicted changes in

return levels by 2070-2100 using a multi-model
ensemble and weighting

Estimating when we may be able to detect
change In extreme precipitation assuming
model predictions are accurate

Some of this work is in Fowler and Ekstrom ! &/[I\}gggﬁggg

(IJC, under revision)




Methodology

Extract seasonal maximum time series for each UK
grid cell, standardise by median value for each grid cell
and use Regional Frequency Analysis to pool
standardised seasonal maximum series for each UK
region

o

7

In RFA, data from the ‘region’ are assumed
to share the same frequency distribution
and only differ in their magnitude (mean or
median values).

N

RFA trades ‘space for time’ and pools
standardised data from several different
sites/grid cells within a ‘region’ to fit a
single frequency distribution
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Methodology

Fit standard 3-parameter GEV to each regional pooled
series for each of the control and future time slices
(1961-1990 and 2071-2100) using L-moment ratios

Estimate 5 and 25 year return levels

Use variograms to provide a weighting method which is
then weighted using non-parametric bootstrapping with
replacement and a random number generator

Compared to interpolated 5km observations —
averaged for a 50km grid cell




Control runs and observed data
Winter season

10 day rainfall total

5 year return period
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Winter, 10 day 5 year return levels



Summer, 1 day 5 year return levels



Autumn, 10 day 5 year return levels



Estimates of percent change in
the 1 day 5 year and 10 day 5
year return values respectively
for each RCM and each
season under the SRES A2
2071-2100 emissions scenario
for the North West England
region (NWE)



Variogram weighting

Quantifies differences in characteristics of the spatial
pattern of extreme precipitation simulated in RCMs

The sample variogram gives the mean of the halved
sqguared increment as a function of distance for an

Intrinsic random function Z(x):
" gfr)= Lvarlzlen)- ()

In principal the variogram shows how the dissimilarity
between Z(x) and Z(x+h) evolves with distance

The shape of the sample variogram can be described
by theoretical variogram models that are defined by
two parameters: the sill (c) and the range (a)



Variogram weighting

the range tells us about the distance at which the
spatial auto-correlation between data point pairs, on
average, ceases or becomes much more variable

the sill gives a measure of the variance associated with
structures of average size equal to the range

sample variograms were calculated for the gridded
pattern of SM for observed and all CTLs

we use common inverse distance weights between the
RCM and observed extremes to develop weights —
these indicate which CTRLs are more similar to UKMO
extreme precipitation patterns in terms of their
magnitude and scale of spatial variance



Weighting ensemble members using

variograms

Sample variograms
and fitted
variogram models
for UKMO (asterix
and full line) and
CTRL (plus sign
and dotted lines)
for the 1 day 5 year
return period during
a) winter, b) spring,
c) summer and d)
autumn
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Weighted, unweighted, Hadley-driven and ECHAM-

driven estimates of change in 10 day 10 year RL

Weighted Winter 10 day 25 year

Unweighted Winter 10 day 25 year

Hadley Winter 10 day 25 year

ECHAM Winter 10 day 25 year
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Detecting change in UK flood risk

(Inferred from precipitation changes)

Project for UK Environment Agency

When will we be able to detect change In
UK extreme rainfall?

Detection Is the process of demonstrating that
climate has changed in some defined statistical
sense without providing reasons for the change

Change is detected in observations when the likelihood of
an observation (e.g. an extreme temperature) lies outside
the bounds of what might be expected to occur by chance



Methodology

Extract seasonal maximum time series for each UK
grid cell, standardise by median value for each grid cell
and use Regional Frequency Analysis to pool
standardised seasonal maximum series for each UK

region 5
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Methodology

Fit standard 3-parameter GEV to each regional pooled
series for each of the control and future time slices
(1961-1990 and 2071-2100) using maximum likelihood

Estimate 10 and 50 year return levels and 0.05
confidence interval using delta confidence (inflating
variance by using observed variance to better estimate
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Methodology

Pattern scale change in return levels by global
temperature response for 1990-2100 from driving GCM
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Testing for detectiblility

Two tests were used to estimate the ‘detection’ time
where the difference between the scenario and control
sequences is significant:

Test statistic T, which is approximately N(0,1):
T, = RL- Rk 5196
JVRL + VRL,

Test statistic T, which estimates when the confidence
levels for the two distributions do not overlap:

T,=LC,- UC.3 0




Example plot of detection tests

Scenario

20 Year Return Level

A 1 Control

Year




Detection time = 64 years (2054)
T,>1.96

Detection time = 82 years (2072)
T,>0



Some preliminary results

Winter, detection
time for change Iin
return level of 1
day, 10 year event



Conclusions

RCMs project increases in 1 day extreme rainfall for all
seasons and similar but smaller increases in longer
duration extremes (5 or 10 days)

RCMs are better at reproducing long duration extremes
compared to observations and are very poor at
simulating summer ‘convective’ extremes — there Is
low confidence in predicting what might happen to
summer precipitation extremes using the current
generation of RCMs

The largest uncertainty in predictions seems to stem
from the driving GCM — unweighted and weighted
ensembles are very similar perhaps due to a lack of
model independence






