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Hadeycenre - Engembles and probabilities

Reflections on monthly predictions in the 1980s
Carried out in the Synoptic Climatology Branch of the (Bracknell) Met Office

Operational monthly forecasts based on statistical methods (Chris Folland
and colleagues)

Pioneering dynamical ensembles (Tim, myself and colleagues)

Uncertainty recognised as a fundamental component of these forecasts,
from the start

| eading climate scienca and
services in our changing world
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2. UK climate change projections

» Providing ensembles and probabilities to support climate risk assessments and
adaptation decisions

www.metoffice.gov.uk © Crown Copyright 2022, Met Office
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» Regular operational forecasts started in
1963, motivated by the extreme winter of
1962-63

* Issued publicly till 1980, then to commercial
and corporate users through the 1980s

» Focused on predicting spells of weather
associated with persistent long-wave
patterns.

* Presented probabilistically and with
subjective assessments of confidence,
recognising the non-deterministic nature of
the task

Folland and Woodcock (1986), Met. Mag. 115, 301-318.

www.metoffice.gov.uk

Met Office monthly forecasts: 1960s to 1980s

s

30 years
ce and

| eading climate scien
services in our changing world

500hPa jet stream speeds for 5-day periods
during summer 1983 (top), 1985 (bottom)
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Forecast periods: Days 1-5, 6-15 and 16-30
ECMWEF and Met Office medium-range forecasts
informed days 1-5.

Statistical forecast methods were the main basis for
extended-range periods.

Principal method was MVA (MultiVariate Analysis):

» Predictors: Hemispheric eigenvectors of mslp and
1000-500hPa thickness during the preceding two
months, and monthly SST anomalies from a set of
worldwide regions

» Predictands: Probabilities of half-monthly sea-

le\{el p_ressure. clgstgrs (SIX patt?rns)’ predicted Sea-level pressure anomaly clusters for
using linear discriminant analysis January-February, used in MVA

www.metoffice.gov.uk © Crown Copyright 2022, Met Office



Most probable cluster,
modified in a second /

regression step

Best-estimate forecast, February 1986

(a)

Days 1-5

(b)

Days 6-15

(c)

\

Days 16-30

1016

Sea-level
pressure

Temperature

Rainfall

Temperature and
rainfall derived from
slp using analogue
and regression
methods
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Dynamical monthly forecasts in the 1980s at the Met Office

Encouraged by pioneering work
motivating ensemble methods as a
practical way of exploring uncertainty both

before (Epstein, 1969; Leith, 1974) and
beyond the limit of deterministic e
predictability — In particular, by early

evidence of dynamical predictability on
the monthly time scale (Shukla, 1981;

Anomaly co

<~ seven
—0.2 S unpredictable

Miyakoda et al., 1983)...

... We initially used a 5-level hemispheric i

atmosphere model to show potential skill B gttt e o o L R

in 50-day hindcasts arising from SST

anomalies (Palmer and Sun, 1985; ACC for 15-day mean winter forecasts of 500hPa anomaly
Mansfield, 1986) and use of ensembles fieldg in N Hemisphere extratropics, for individual forecasts
(Murphy, 1988). (solid) and ensemble-means (dashed).




First operational monthly dynamical forecast

Murphy and Palmer (1986), Met. Mag. 115, 337-349.

Tim and | contributed a dynamical
extended-range forecast (DERF) to the
monthly forecast made in mid-September ~ mien o0 e ‘(,)Jd AR T
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Ensemble-mean showed some skill fields, 15-90°N.
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Clusters in the dynamical forecast

Two forecast clusters

The ensemble developed two distinct clusters
in the Pacific/north American region

Three members showed a PNA-like pattern,
that developed early in the forecast and then
persisted

Four members showed a broad cyclonic
anomaly over Alaska and the eastern
seaboard

An example of how monthly ensemble
forecasts might support probabilistic
statements about predicted circulation
regimes

Real-time dynamical integrations continued Observations

during the 1980s, contributing to the monthly
forecasts alongside the statistical methods.

500 hPa height anomalies for 3-17 October, 1985




Probabilistic forecast verification

Palmer et al. (1986) introduced a novel parameterisation of
gravity wave drag to remove a westerly bias in the northern
hemisphere mid-latitude flow.

| ran a set of lagged-average ensemble hindcasts with this
improved version, to assess its capabilities in monthly
probabilistic prediction.

The results showed skill relative to climatology out to ~20
days, with clear benefits for the ensemble approach over use
of single-member forecasts.

By the late 1980s, Tim had moved to ECMWF and myself to
the Met Office Hadley Centre.

From the 1990s ensemble prediction systems for seasonal
and longer time scales grew in sophistication, moving firmly
into the multi-model realm (e.g. Doblas-Reyes et al.,2009;
Smith et al., 2013; Eyring et al., 2016).

My focus switched to predictions of climate variability and
change on annual to centennial time scales.

Murphy (1990), QJRMS 116, 89-125.
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= MetOffice  Uncertainties in climate change projections
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CMIP6, ssp585, DJF, pr, England
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UKCP18 projections, for RCP2.6 and 8.5 emissions

www.metoffice.gov.uk

Winter precipitation changes (%) for England in
winter, projected by CMIP6 multi-model ensemble

© Crown Copyright 2022, Met Office
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30 years

Ensembles and probabilities in UK climate scenarios ==

o g gwa\d

« UKCIP02: Scenarios of “what might happen” using three
simulations from one climate model. Modelling uncertainties
known about, but not included in the data.

« UKCPO09: Probabilistic projections based on ~350 climate
model simulations. Uncertainties quantified in the data, but only
available for a limited set of variables.

« UKCP18: Probabilistic projections, plus ensembles of global,
regional and local projections for flexible analysis of impacts.

www.metoffice.gov.uk © Crown Copyright 2022, Met Office
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Changes for 2061-2080 relative to 1981-2000
for London, RCP8.5 scenario

Global projections,
multi-model ensemble

Summer Precipitation
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Global projections
(60km), perturbed
parameter ensemble
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 During the 1980s, the Met Office produced monthly forecasts in a
probabilistic format, using statistical methods and subjective judgements
that explicitly accounted for uncertainties.

 This provided a natural framework for Tim & | to introduce dynamical
monthly predictions, as a new contribution to the real-time forecasts.

 Since the 1980s, usage of ensemble methods in extended range
predictions (seasonal, decadal, multidecadal) has grown in scope,
including both single- and multi-model approaches.

« As an example, UK climate change scenarios are now based on
ensembles using several climate model configurations, and include a
probabilistic presentation.
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