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Large Scale
Aims:I processes involved in error propagationI general overview of model response to perturbationI introduce novel perturbation technique

The eventI good large scale
forecastI tropopause foldI interesting mesoscale
features:I surface forcingI scattered convectionI MCS within domainI cold pools

Experiments

Standard UM 6.1, 4 km grid spacing

Single Perturbations:I ICI 0700 UTCI 0830 UTCI 1000 UTCI 2 amplitudes: 0.01 and 1 KI 1 scale length: 24 km

Sequential Perturbations:
9 combinations ofI amplitudes: 1, 0.1 and 0.01 KI scale length (�) : 24, 8 and 0

km

Processes involved

An analysis of the Single Perturbation simulations shows that the pro-
cesses involved are:I CAPE (the 1 K perturbation removes or adds a lid on very few grid points)I acoustic waves affect the background environmentI Boundary Layer Types:I the perturbation causes the boundary layer parameterisation to switch

coefficients and/or sub-parameterisation

Introduction
Motivations:I severe convective events have high societal impactI their forecast is still a daunting task, because of the uncertaintiesI ensemble forecasting exploits data and model uncertainties to

provide probabilistic forecasts

PerturbationI potential temperatureI applied at fixed model levelI 0-400 mI 500 mI 1280 mI consistently with Lean (2006)I at regular intervals (30 mins) with no temporal correlationI to capture PBL transitionsI 2D Gaussian kernel applied to random numbers

Storm Scale
Aims:I verify ensemble technique is useful in a different domain/weather

regimeI determine impact on accumulation within an areaI what needs to be changed: �physics or perturbation?

The EventI very intenseI very localisedI interesting mesoscale
meteorologyI near shore convergence

lineI convective cellsI which precipitate over the
same small catchment

Corrected Radar Accumulations from the MetOffice Post Flood Study

Microphysics

Autoconversion & the UM:I large cloud droplets collect smaller onesI if they are larger than a threshold they become rainI 2 schemes for computing thresholdI each has 2 values of aerosol concentration: over sea & over land
Scheme Land Sea
3B 6.0 � 108 m-3 1.5 � 108 m-3

3D 3.0 � 108 m-3 1.0 � 108 m-3

Experiments
5 unperturbed runs (base runs)I standard UM 6.1, 1 km grid

spacingI revert 3D to 3B (autoconversion only)I 3D land aerosol everywhereI 3D sea aerosol everywhereI no autoconversion

each base run has an associated
ensemble

6 ensembles:I control (8+1 members)I 4 �physics (8+1 members)I base runs (5-1 members)

Perturbation Strategy:I use 0.1 K and 8 kmI 8 realisations (i.e. members)

Results
Large Scale

Single Perturbations

I RMSE grows faster after 6 UTC (the slope flattens)I perturbing the IC (1 K IC) is roughly equivalent to
a sequential perturbation (1 K 30 min)

RMSE Hourly Accumulated Precip >1 mm
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0.01 K 30 min
0.01 K IC
0.01 K 0700
0.01 K 0830
0.01 K 1000
1 K 30 min
1 K IC
1 K 0700
1 K 0830
1 K 1000

Sequential Perturbations

I RMSE depends mainly on perturbation
amplitude then scale lengthI all perturbations reach similar level of
saturation regardless of the their amplitude
and scale length

RMSE Hourly Accumulated Precip >1 mm
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0.01 K 24 km
0.01 K 8 km
0.01 K 0 km
0.1 K 24 km
0.1 K 8 km
0.1 K 0 km
1 K 24 km
1 K 8 km
1 K 0 km

Cloud Distribution

I a larger scale length results in fewer, larger
cloudsI this response is different for the 1 K
perturbations, as they lie on a line with
different slope

Non Cirrus Cloud Distribution
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1 K  0 km
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0.01 K 0700
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1 K IC
1 K 0700
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Storm Scale
Base Runs Mean Accumulations

I the different base runs behave similarlyI no autoconversion simulation (No Auto) being a
notable exceptionI the sea aereosol run (Nsea) has the highest
maximum

Mean Accumulations over a 60 km diameter
centred over Boscastle
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Base Runs Mean
Control
Areo 3D to 3B
Nland 3D
Nsea 3D
No Auto

Std/Mean Ratio

The figure show the ratio of the ensemble
standard deviation to the ensemble mean for all
the ensemble, excluding the No Auto.I the high values after 15 UTC are due to the

small mean values and to the differentiation of
the membersI similarly small values of the mean between 9
and 12 UTC do not result in large values of
the ratioI the ratio peaks before the strongest period of
growth of the mean

Ensemble Std/Mean Ratio for the
accumulations over a 60 km diameter centred

over Boscastle
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Conclusions

Large ScaleI the sequential perturbation technique successfully generates realistic ensemble membersI it also captures the sensitivity to the time of the dayI error growth depends strongly on the amplitude of the perturbationI the 1 K simulations are qualitatively differentI the processes involved in the propagation of the error are the CAPE, acoustic waves and the PBL
parameterisation

Storm ScaleI the sequential perturbation technique captures the sensitivity to the time of the day in this case as
wellI the std/mean ratio suggests that the largest spreads are achieved perturbing before or at the start
of strong convectionI the ensembles with 0.1 K perturbation generates spread of the same magnitude as changes in the�physics


