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=MetOffice  |nternational UM partnership:
Operational users 2017




ZMetOffice  Pgople changes

 Professor Stephen Belcher is now the Met Office Chief Scientist,
taking over from Professor Julia Slingo who retired at the end of
2016 after a long and distinguished career in climate modelling
and research.

 Dr Andrew Brown is now ECMWF’s Director of Research

« Simon Vosper is now Director of Meteorological Science, working
with on the Science strategy and its implementation.

« Keith Williams now leads APP (Atmospheric processes and
parametrization)

www.metoffice.gov.uk © Crown Copyright 2017, Met Office



=ZMetOfice. HPC Phase 1¢: new IT Hall located at
Exeter Science Park.

LAKEERS  KEPUKI AKEFAIK  MEUIA  LUNIALL SEARCH MENL

’ WILLMOTT DIXON WHATWEDO HOWWEDOIT WHO WEARE Q

Concept architect: Atkins

Architect: Stride Treglown

Services engineer: Arup

Structural engineer: WSP

Mé’& 7AW, " %ﬁé
supercomputer

Housing the final part of Met Office's new
supercomputer
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=MetOffice  Qperational Changes: PS38

www.metoffice.gov.uk

« PS38 went live on 08" November 2016
« UKV/MOGREPS-UK enlarged domain

* Increase in forecast length from T+36

/25! to T+54 for all UKV/MOGREPS-UK runs

« UKV 03Z & 157 runs increased out to
T+120

Old domain

© Crown Copyright 2017, Met Office



=MetOffice  Qperational Changes: PS39 (Global)

Global model land-sea mask and orography for

« PS39 went live on 11t July 2017 the 17km model (left) and 10km model (right).

* Horizontal resolution increase for Global ~
model (both deterministic and ensemble)

et Cmnpiny (0

» Deterministic model grid-spacing reduced from 17km to 1 Okm.
« MOGREPS-G grid-spacing reduced from 33 km to 20 km.

* Increase in the number of ensemble members generated every 6 hours
from 12 to 18. With time-lagging, this allows us to produce ensemble
forecasts with 36 rather than 24 members.

www.metoffice.gov.uk © Crown Copyright 2017, Met Office



= MetOffice  Qperational Changes: PS39 (U.K model)

* Hourly cycling 4D-Var replacing 3 hourly 3D-Var
» See talk by Marco Milan in the DA session on Tuesday (10:00 to 10:20)

« ZLF Moisture conservation change to the UM. Conservation of mass is not
intrinsic in SL advection schemes, but somehow needs to be restored.
Otherwise there can be spurious generation of increments to rain water path
and hence precipitation. ROVAL METEOROLOGICAL SOCIETY

Researc h Article

’See ZerrOUKat et al for more detalls ZLF (Zero Lateral Flux): A simple mass

conservation method for semi-Lagrangian based
limited area models’

M. Zerroukat &, B.]. Shipway

Accepted manuscript online: 29 June 2017  Full publication histor

: published online and
DOI: 10.1002/q).3108  view/save citation citable. The final edited and

typeset version of record

Cited by (CrossRef): 0 articles ## Check forupdates 4§ Citation tools ¥ will appear in future.
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=MetOfice  Fyture Operational Changes: PS40/41

* PS40 due to go live in November 2017

« Small mainly technical upgrade. DA changes include the assimilation of
roadside visibility obs.

« MOGREPS-UK hourly ensemble demo suite see poster by Susanna
Hagelin in the Predictability session on Tuesday (15:20 to 15:25)

* PS41 due to go live in Summer 2018 — DA changes to covariances and
model changes to implement RA1.

» Beyond PS41 — PC2 cloud scheme and scale-aware convection scheme

www.metoffice.gov.uk © Crown Copyright 2017, Met Office



= Met Office

Prototype RA1, RA1-M (Mid-lat) & RA1-T (tropical)

configurations SSUe our
strategy is to focus mo« : DC onfigurations
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Darwin MCS: rainfall dB

-11.0

H g
-11.5 S
/.

latitude

430f

135

1z0

125 |1

I L
130.0 1305 131.0 1315 132.0

Ioniitude
- 5

RA1 Evaluation
/@17-18 UTC (Charmaine Franklin (BoM))

latitude

latitude

“12.0 R
125
-13.0
135

ps37

T e

N

Yo )

Ioniitude
-10 o 10 20 40

Ioniitude
0 4

0 50 60

latitude

latitude

-11.0 -

|oniitude
-10 o 1

o 20 30 40 50 60
proto ralt

.
130.0 1305 131.0 131.5 132.0 1325

Ioniitude
V] a4

0 50 60

 Improved model evaluation should help us make better model development
decisions see talk by Marion in the verification session on Thursday (1030)



domain total rain (mm)

domain max rain rate (mm/hr)
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e All simulations produce too much rain
* This is due to convection initiating too

early, particularly for mid-latitude
configurations, and simulated system
being larger

e Moisture conservation reduces

maximum rain rates



ZMetOffice RMED Toolbox

Component timeseries

.J Precipitation; wersus radar/GFPM

Hinton summarny 1h, 6h accumulations
Hinton skill summary = HIiRA (every 6h) b

Bias versus leadtime

~/ Forecast range series
+ Scale series

~/ Timeseries of score
~/ Hinton 'summary plots

(E[e:éFractions Skill Score (T+6 to T+36) every 6h

Scores versus lead time «

_‘(Scatterplots of percentile threshold
{initially 955%)

Storm equivalent _‘(
diameter histograms

Max rainrate histograms wf Cell Statistics \(
Frecipitation plus obs v {any multiple of hourly accumulations) + Wertical Profiles (versus ohs)
(any multiple of hourly accumulations) + Timeseries {versus ohs)
; eneral Verification Statistics
(_Any model variable < + Forecast range series (versus obs)

wf Diurnal cycle (versus obs)

obs available - Precipitation ,
:
Any model fizld

Plot courtesy of Chris Short and Rachel North

~/ Precipitation - obs available
~f Any model variahle

Domain average plots




= MetOfice RA1 - Improvements to Screen temperature

Surface (1.5m) Temperature (deg K), Combined stations,
Equalized and Meaned betwee
Surface Obs

n 20170913 00:00 and 20170926 00:00,

PS39 -21zDF—+ LM_RAl-06z DT LM_RALl - 21z

DT |

/ * RA1 reduces night-time warm bias

_/- RA1 reduces daytime cold bias

n isibility
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Plot courtesy of Anke Finnenkoetter
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= MetOffice  Convection WG Priorities

Convection WG Lead by Humphrey Lean and Stu Webster
» 1. Testing of new model schemes in different parts of the world.

» 2. Use of radar data to look at rain amount, rain distribution and cell
stats.

» 3. Studies to understand why model convection initiates too early in
the tropics.

> 4. Comparisons of vertical velocities in models with observations from
radar and aircraft.

» 5. Studies of predictability and the balance of large and small scale
errors.

» 6. Studies to understand why there is too much convective rain in the
models over land in the tropics.

www.metoffice.gov.uk © Crown Copyright 2017, Met Office



= Met Office

e Top = 5 day forecast for 4.4 km

e Bottom =7 day MOGREPS-G
forecast (18 not 36 members)

e 5v7 day forecast complicates
direct comparison of plots.

e Actual track is overlaid in black
e Tracks broadly similar

e Propagation speed better in 4.4
km ensemble (compare location
of purple lines)

e PMSL intensities in 4.4 km
ensemble encompass observed
value after T+48.

e “Usual’ peak 10 m wind
underestimation

www.metoffice.gov.uk

MOGREPS-4p4: Forecast tropical storm tracks

MetOffice for IRMA from 00UTC 06/09/2017
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MOGREPS-G-18: Forecast tropical storm tracks
for IRMA from 00UTC 06/09/2017
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Hurricane Irma 06" Sep 00z run

Plots c/o Helen Titley

MOGREPS-4p4: Forecast tropical storm strike probability
for IRMA from 00UTC 06/09/2017
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Probability that storm will pass within 120km within the next 5 days

Probability that storm will pass within 120km within the next 7 days

MOGREPS 4.4km ensemble: Tropical Cyclone storm-following meteogram
IRMA (17.2N 60.4W) from 00UTC 06 September 2017
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MOGREPS-G latest 18 members: Tropical Cyclone storm-following meteogram
IRMA (17.2N 60.4W) from 00UTC 06 September 2017
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zMetofice  Hurricane Irma 06" Sep 00z run

Animation courtesy of Stu Webster

Hourly precipitation rate for all 18 ensemble members.

SW Florida landfall occurred in reality at T+116
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Z MetOffice Preparing for Exascale: GungHo

= At 10km
resolution,
grid spacing
near poles =

12m!

Scalability = remove the poles!

— which sport??

Football? Volleyball? Tennis?

O Parfect scaling
&—<&> N2048 scaling wrt 7344 cores (204 nodes

Aim of GungHo:

“To research, design and
develop a new dynamical
core suitable for
operational, global and
regional, weather and
climate simulation on
massively parallel
computers of the size
envisaged over the coming
20 years.”

[Targeting mid-2020’s HPC
upgrade]



= MetOffiice Challenges and Issues

« GungHo

> Transport scheme & semi-implicit solver...

» Does cubed-sphere mesh (or variant) deliver the goods?
» What order of mixed finite-elements is required?

» Coupling to the physics (science & technical aspects)...

= LFRIic

» Root & branch redesign of UM, involves DA, Ens, PP, downstream products
etc etc

» No off-the-shelf technical solutions meet all requirements
» Resources conflict with business-as-usual work
» Time and training to build up expertise



Preparing for Exascale. GungHo/ LFRic
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Slide courtesy of Nigel Wood
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