Do we need an Earth-system model for 1-day
to 1-year weather prediction?
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Improving forecast skill and use
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Prediction Timescale vs. Resolution vs. Complexity
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Summary of Met Office global configurations

Seamless physu:al atmosphere / land

Coupled NWP NEMO Ocean | CICE
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Improving Global NWP Forecasts

500hPa Height Day 3 RMS Error vs. Analyses
Met Office 12 Month running Average

RMS Error (m)
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Madden Julian Oscillation

Wheeler and Hendon (2003) Index
MJO Bivariate Correlation
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CY31R1: Parameterisation of ice supersaturation

CY32R2: McRAD (radiation scheme)

CY32R3: Changes in convective scheme (Bechtold at al. 2008)
CY40R1: Improved diurnal cycle of precipitation
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Sudden Stratospheric Warming

SSW Correlation
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SSW index: Difference of temperature at 50hPa between 90N and 60N averaged over
all the longitudes
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How to move forwards?
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General considerations for inclusion of
new processes or more complexity




Considerations in implementing a new scheme

Met Office - Do€s it give benefit?
* Necessary (probably)
« Not sufficient (definitely)

2. Do we really understand where benefit comes from? Is
any additional complexity truly better representing reality
(or are we misleading ourselves)?
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Understanding where benefit comes from

Met Office

« Evaluation at detailed process level

« As implemented, is a scheme even doing what we think it is?
* Numerical issues within scheme (limiters; vertical advection)
» Are all aspects important or, even when we are using a full
complex scheme, are simpler aspects actually dominant?
* Cloud fraction (Teixeira, MWR, 2000)
« Strength of turbulent mixing (atmosphere and ocean)

« Interactions with other parts of models and balancing of
complexity
 How much are we (consciously or subconsciously)
compensating for / tuning against errors in other parts of
the model (e.g. sea ice cf arctic cloud; detailed
microphysics cf Semi-Lagrangian conservation issues)?
* What does this mean for optimal choices of complexity of

individual schemes?
© Crown copyright Met Office



Considerations in implementing a new scheme

Met Office - Do€s it give benefit?
* Necessary (probably)
« Not sufficient (definitely)

2. Do we really understand where benefit comes from? Is
any additional complexity truly better representing reality
(or are we misleading ourselves)?

3. What is incremental cost in widest sense - HPC, people,
system maintenance overhead, DA issues, trialling or
operational scheduling complications?

* Note potential for negative effective cost if better
leverages other timescale effort or wider community
effort

4. How does overall cost-benefit look cf other options
(opportunity cost)?
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Example case study: aerosols
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Impact of aerosol complexity

Met Office Jane Mulcahy

Direct & Indirect aerosol effects:

\ \ \ TOP OF THE ATMOSPHERE :l \
“
f / / Y
/ / : %

/ / / 4

’/ / / / /
./ o0 9 00 F

1 0608 o 09
©1% @O 03 PoC04 O3 oOOo Oo C8004 Oo Op
SURFACE
Scattering & Unperturbed doud Increased CONC Drizzle suppression. Increased cloud height Increased Indirect effect Heating causes doud
(constant LWC) Increased LWC (Pincus and Baker, 1994) cloud lifetime on ice clouds burn-off
(Albrecht 1989) and contrails (Ackerman et al., 2000)

absorption
of radiation

\ Direct effects } Albedo effect/ Cloud fifetime effect/ k Seml.-direct effect ’
i ! 2nd Indirect effect/

(Twomey, 1974)

T3t indirect effect/
Twomey effect Albrecht effect

Adapted from Haywood & Boucher (2000)

Pre-2007: NWP models assume fixed values for land/sea
2007-2014: Direct effect only uses 3D climatologies
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Why go from monthly mean
climatologies to prognostic aerosols?

Met Office _ o
The aerosol optical depth and global NWP model bias in
surface SW radiation in W Africa
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Impact of aerosol complexity

Experimental design

Met Office

Experiments run between 2009 and 2011

« Test the impact of full prognostic (CLASSIC)
aerosol scheme in operational-like NWP model

 N320 (~40km) forecasts using 4D-Var DA
Operational aerosols (used from 2007-2014):

* Direct effect used 3D speciated time-varying
climatologies

* Indirect effects used simple land/sea split:

« Potential CDNC (land) = 300cm-3
 Potential CDNC (sea) = 100cm3



Impact of aerosol complexity

Experimental design
Met Office Mulcahy et al (2014)

Tests (heirachy approach):

Direct Effect Indirect effects

Cusack (1998) Land/sea split (as op) N/A

CLASSIC clims (op) Land/sea split (op) N/A

Prognostic CLASSIC Land/sea split (as op) Spun up/run free
Prognostic CLASSIC Prognostic CLASSIC  Spun up/run free
Prognostic CLASSIC Prognostic CLASSIC Initialised from MACC



Impact of aerosol complexity

Shows good aerosol simulations (dusty AOD)

Met Office
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Mulcahy et al (2014)

(b} SOLAR_VILLAGE 440nm, T+ 120
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Impact of aerosol complexity

Surface SW: Prognostic CLASSIC - Cusack
Met Office Mulcahy et al (2014)

Impact of full CLASSIC aerosol scheme on surface SW (W/m?)
at day 5 in 1 month of rerun global NWP forecasts (June 2012):
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Impact of aerosol complexity

Zonal mean T+120 T errors

MEt Ofﬁce Mean Error : P524_JunJul09_Cntrl, T+120 I\/I u |Cahy et al (2 O 14)

Zonal mean of TEMPERATURE (K)
min: -2.46 max: 1.33

«Control has &

largest errors .

near surface at N

high latitude

.Much Warmer in 2 18 18 1.4 4.2 4 08 08 04 02 0 02 04 OB 08 1 12 1.4 18 18 2

test with prog nstic Mean Field : PS24_JunJul09_DIR+INDIR - PS24_JunJul09_Cntrl, T+120
Zonal mean of TEMPERATURE (K)

aerosol as fewer min: 031 max: 1.09

CCN means less
bright cloud




Impact of aerosol complexity

An example of seamless model development
Met Office

* Impact on operational implementation

(alongside other model changes)
 High lat
improvements
obtained from
aerosol
climatologies

(a) GA3.1 N512 00Z analysis (b) GAB.1 N768 - GA3.1 N512 00Z T+120 forecast diff
1.5 (IdeigC% T1.5 (degC
From 6/ 7/2012 fo 5/ 9/2012

0W 60W 150W 120W 0W 60W
Mean diff = 0.05, Max diff = 9.93, Min diff = -11.44, RMS diff = 0.65

120W
Mean = 19.40"Max = 40.99, Min = -5.90

. Lower lat T aon

improvements B NEENEEES “l BT T [ [ [ [ [ [ [ .
0 6 12 18 30 36 1.8 -12 -06 0 0e 12 18
from other
changes (c) GA3.1 N5, 29 3%3203120 ems (d) GAG.1 N768 002 T+120 error
From 6/ 7/2012 1o 5/ 9/2012 From 6 '
' 75N ——

150W 120W 90W 60W 150W 120W 90W 60W
Mean err = -0.22, Max err = 4.39, Min err = -4.73, RMS err= 1.12Mean err = -0.16, Max err = 3.66, Min err = -4.93, RMS err= 0.93
. . [ DEEEEEEEEEEN BN T 1 [ [ .
© Crown copyright Met Office 45 3 15 0 15 3 45 45 3 -15 0 15 3 45



Impact of aerosol complexity

Lessons for the reader
Met Office

* Running experiments with additional complexity
teach you both about the potential benefits of
complexity and the short-comings of your less
complex approach

« Adopting a traceable approach (e.g. to
reproduce the mean behaviour of the fully
complex scheme) may go a long way to
achieving the benefits of the full scheme

* Once this approach is adopted, one can ask
again what the benefits are of the full
complexity and implement key parts

« E.g. Prognostic dust operational and improves T_surf
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Example case study: coupled ocean
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P =m Model Resolution-Reduced
~~~ SST Blases and Overturning

Met Office
Hadley Centre
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Met Office

RMSE
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Tropical Performance — Coupled NWP vs Control
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Julian Heming

Tropical cyclones

Met Office TC example: Typhoon Bolaven andal
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Example case study: multi-layer
snow
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GL7.0 Global Land developments

Changes from GL6.0

Met Office
Multilayer Further albedo
snow scheme Improvements

http://www.globalbedo.org

« Current operational scheme O-layer Surface exchange

» Snow and first soil treated together improvements
 Implicated in warm biases in NWP and poor simulation of S g
permafrost in climate work -‘

* Multilayer scheme

* Explicit representation of the snow pack
» Mechanical compaction & thermal metamorphism e P ——— e |
» Dependence of thermal conductivity on density included R.Essery

i : J.Edwards
Liquid and ice stores M.Brooks




Global Land

Met Office Multilayer snow scheme R Essery, J Edwards
NAE area T+72 10 day rolling mean T, ,, bias (vs SYNOPS):
Met Office = ECMWF NCEP
4.0F - - - - - - . .
Current scheme treats a5t E
snow and first soil layer s0F E
together 5 :
° g = _:
» Underestimates “F E
insulation of ground e e e w [ @ ® ® 1w w7 % %
Dec 2011 Jan 2012 Feb 2012

« NWP warm biases when
temperature falls rapidly

« Example from 2011/12

* Poor simulation of
permafrost and cold
spring temperatures in
the climate model

90N




Weather performance

Met Office NH T, 5, from winter N320 coupled/hybrid VAR trial

.00 7 T T T ; q anr o ) - _ :

| - GA6.0

< GA6#136.11
a < (zero layer
S .. 0 snow scheme)
>~ ) 30
(f) |
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S R ~ (three layer
o %\ | | snow scheme)

Al J 200 1 1 1 1 1 1 | L1 1 1 ]
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. Impact on 1.5m temperature in
"~ March-April-May (climate run)

a) 1.5m temperature for mam b) 1.5m temperature for mam
Met Office DLOVE- MLSnow_1214 DLOVF: MLSnow_1214 minus ANTIE: GA6.0

Q0N 9ON

Test
minus
905 — il = 908 ContrOI

20w 0 90E 180 aow 0 90E 180
Area—weighted mean = 287.14

190 205 220 235 250 265 280 285 -12 -8 -4 0 4 8 12
¢) 1.5m temperature for mam d) 1.5m temperature for mam
ANTIE: GAB.0 minus CRUTEM3 (1979-1998) DLOVF: MLSnow_1214 minus CRUTEM3 (1979-1998)

90N . — — — 90N

Test
Control bias

bias
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Summary of Met Office global configurations

Seamless physu:al atmosphere / land

Coupled NWP NEMO Ocean | CICE

Intermedlate compIeX|ty aerosols complex aerosols

ES processes

Monthly- | Year-decades

Seasonal |
, Hi-res long term

cllmate

Week 1 NWP Long-term climate



Day 1 forecast error

BN O R < =~
Day 3 forecast error

Met Office ?BN }3\(%\ (@f\j C
Day 5 forecast error

?8§~-;>?\r% At._...-{@{i., g

&@R ‘Io’ ' . :.;,. - 2 ~

Day 15 forecast error

“Errors in the representation of fast
physical processes remain a key limiting
factor in the skill of our models across all
timescales from short to sub-seasonal to
seasonal timescales”

Report from 2010 WMO subseasonal to
seasonal prediction workshop (available
from WMO S2S page at
http://www.wmao.int/pages/prog/arep/wwrp/
new/S2S_project_main_page.html)
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Convection Programme
Met Office 7

Mass flux
revisited

Updraught & Convection
downdraught Dynamics

dynamics Coupling

ParaCon
programme

5 year joint programme
between NERC and

Met Office
. Turbulent (E5M investment each)
Triggering approaches

to grey zone

http://www.metoffice.gov.uk/research/collaboration/paracon

B UNIVERSITYOF AN ¥ 1= 11 S

9 OMBRIDGE EXETER  wwesword 22 Met Office e B Reading
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http://www.metoffice.gov.uk/research/collaboration/paracon

WGNE DRAG-project, torque inter-comparison Step0-24 January 2012
subgrid orography

» 1019 Surface torques — GWD+blocking terms
1.5 T T ! T T ! T
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Scalability Challenges

Govemnance: ECMWF, Member states, Regional consortia _
¥ .‘
Projects: Data -
Observation assimilation: Humhe n:I:a. Model output
e e - Flexible methods: processing:
e algorithms (C-++) - Az + Broker-worker
e:n v.lror thﬂw n - IFSintegration Sy Methods e orkflow
criticalpa - - Coupling with « hjv/t- . Near-memory
* Object based e discretization, I
data 5tf]re ) ice multiple grids X gata ne
) ?ﬂrrﬂ;]gnfma; -l " Prognostic compression
' minimization uanal:_]IeS, I
Code adaptation:
= Benchmarking = Vectorization * Programming models = Precision
DsLflibraries « Transition to operations

'

* Benchmarking

I !

Computer architecture support:

= Movel architectures = Compilers
Transition to operations

= Viendor support

< ECMWF

EUROPEAN CENTRE FOR MEDRIM-RANGE WEATHER FORECASTS PETER BAUER 2016




Met Office

Cross-timescale testing is hugely valuable, especially if fast
physics common across systems, and strong focus on NWP
‘weather’ metrics as well as synoptic scores

Do invest in complexity, but selectively, taking (increased?)
care to be sure to understand what the complexity is truly
giving, and to consider overall cost-benefit compared to other
Investments
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Final thoughts......

Met Office

* Model development an exciting and important science in
its own right

« Operational centres and academia together

* Needs both insight into detailed processes and broad
understanding of how whole modelling systems work as
one

» International collaboration key (knowledge sharing; co-
ordinated work to learn generic lessons)

« New WCRP/WWRP prize for model development in
recognition of its importance

* A good career choice!
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