| ntroduction

Aim:

= To simulate sub-daily rainfall sequences under scenafios o
climate change, using the random parameter Bartlett-Lewis
Rectangular Pulse Model (BLRPM).

Approach:

= Estimate future BLRPM parameters using future daily and
sub-daily rainfall properties.

= Estimate these future rainfall properties by using:

= Numerical climate model output

= Statistical models
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Overview

Monthly, coar se scale
Deterministic climate models produce monthly atmosphsgmuences.

Monthly, coar se scale — daily, single location
Generalised Linear Models (GLMs) simulate non-statiortany rainfall
sequences conditional on coarse scale monthly atmosgegnences.

Daily, single location — sub-daily, single location
Scaling relationships estimate sub-daily rainfall prosrconditional on
simulated daily rainfall properties.

Sub-daily, single location
BLRPM simulates sub-daily rainfall.

.—p.2



Simulating rainfall via statistical downscaling

Assumptions:

= Distribution of local-scale rainfall is conditional on abspheric
structure.

= The observed relationships remain valid under alteredatlon
conditions.

= The relevant aspects of atmospheric structure, and itgehian
response to greenhouse gas forcing, are realisticallgsepted

by the climate models at the temporal and spatial scales used
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Data used in DEFRA project

= Hourly rain-gauge data from several sites across the UK
(1961-2000).

= Concentrate on Heathrow airport here.

= Monthly mean temperature, sea-level pressure and relative
humidity from:

= ‘Observed’ atmospheric data (NCEP reanalysis) at a raealut
of 2.5 latitude by 3.75 longitude (1961-2000).

= Four General Circulation Models (GCMs) and three Regional
Climate Models (RCMs) for 1961-1990 and 2071-2100.
Future climate model runs forced using the A2 emissions
scenario.

.—p.4



Generalised Linear Modelsfor daily rainfall (1)

Dally rainfall modelled in two stages:

1. Rainfall occurrence modelled using logistic
regression. Lep; denote the probability of rain on day
t and letx; denote a corresponding predictor vector.

Then In(p/(1— py)) = X{B.

2. Wet day rainfall amounts modelled using a gamma
distribution with common shape parameter.
Conditional on predictor vect&, if dayt is wet the
mean rainfall iam, with In(my) = z{a.
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Generalised Linear Modelsfor daily rainfall (2)

Fit GLMs using standardised monthly NCEP atmospheric d&é@]1-1990.

Simulate GLMs conditional on standardised monthly GCM a@iR
outputs, 2071-2100.

Predictors:
= Seasonality.
= Previous days’ rainfall information.

= Atmospheric variables (weighted average of local grid segla

= |[nteractions, for example:

= The dependence on previous days varies over the year.

= Expect seasonality to alter under climate change.
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GLMs. Model performance 1961-1990, Heathrow
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GLMs. Model performance 1961-1990, Heathrow
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GLMs. Mode smulations 2071-2100, Heathrow

Summer mean daily rainfall when wet (mm)
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GLMs. Mode smulations 2071-2100, Heathrow

Summer proportion days wet
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GLMs. Mode smulations 2071-2100, Heathrow

Summer mean daily rainfall (mm)
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GLMs: Summary

Results:

= Future mean daily rainfall when wet will increase in summmeat winter,
with respect to 1961-1990.

= Future mean daily rainfall and proportion of wet days wilcdsase in
summer and increase in winter, with respect to 1961-199Wijadaily
rainfall variance).

= There are significant differences between rainfall propgbtained by
downscaling different GCMs/RCMs.

Implications:

= GLMs should be applied to multiple realisations of atmosghe
predictors.

= Realisations must accommodate differences between elimatiels.
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Story so far...

= Require daily and sub-daily rainfall properties under scers of
climate change in order to estimate BLRPM parameters.

= Dally properties can be simulated from the GLMs. Therefore a
methodology to estimate the sub-daily properties conukiion
the dalily properties is required.

= Any relationship between daily and sub-daily propertiethm
historical record must still hold under changed climatioaditions.
Must therefore be valid under a range of present day comgitio

.—p.13



Scaling relationships (1)
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Scaling relationships (2)

Let Thmys be either

= Observed proportion of wdt-hour intervals Th(rfg,s)

= observed variance dFhour intervals '(rfr\r',)ys)

for sites, monthmand year. Let Thms = E|Thms|-

Model:

IN(Thmys) = Cmys -+ IN(M) {X5sBy } + (IN(N))2{X(5sBo} + Enmys

N(Thmys) = IN(T2amys) + (In(h) — IN(24)) {ximsBY} +
((In(h))? = (In(24))?) {x5p'?}
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Scaling relationships. Variance

In(TY

hmys) = Omys+BaIn(h) + Bz In(h) Temperaturgs + BsIn(h)Altitudes +

B4In(h)Northings + Bs(In(h)) + Be(In(h))“Temperaturg,s + nmys

Parameter | Estimate | 95% Confidence Interval
B1 1.591 (1.577, 1. 606)
B2 -0. 079 (-0.066, -0.092)
B3 0. 261 (0. 216, 0. 307)
Ba 0. 009 (0. 005, 0.012)
Bs -0. 069 (-0.066,-0.073)
Bs 0.012 (0.008, 0.016)

B3 Is effect per 1km altitud€ef3, is effect per 200km north.
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|mplied autocorrelation from variance scaling relationship
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Point Process M odel

The Barlett-L ewis Rectangular Pulse M odel:
= Storms arrive according to a Poisson process.

= After each storm arrival, there follows a Poisson
process of cell arrivals. Each cell duration is
Independent and exponentially distributed.

= Storms last for a time that is exponentially distributed.
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BLRPM: Parameter estimates

Storm arrival rate (per hr) Mean cell depth (mm)
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BLRPM: Mean hourly rainfall when wet

Mean hourly rainfall when wet
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BL RPM: Proportion wet hours

Proportion wet hours
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Sub-daily modelling: Summary

= Scaling relationships allow reconstruction of sub-daily
rainfall properties.

= Stochastic models provide interpretation of changes ir
properties (e.g. storm arrival rates).

= Simulations from fitted BLRPMs can be used to drive
hydrological rainfall-runoff models.
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Summary

- Methodology to simulate daily or sub-daily sequences

= Abllity to successfully reproduce rainfall properties
(beyond those presented here).

= Future rainfall mean, variance and proportion of wet
Intervals to Increase In winter and decrease in summe
at both the daily and hourly level.

= Future daily mean when wet and hourly mean when
wet to Increase all year round.
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