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Outline
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* Overview of initialised coupled model.

* Assessment of diurnal variability of SST in the
coupled model

 Summary and further work:
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Global Modelling

Unified Prediction across Timescales
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Key aims of coupled NWP R&D
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1.  To explore role of air-sea coupling in potentially providing improved
forecast skill (focusing on the 1-15 day timescale) — for both
atmosphere/land surface and ocean/sea ice forecasting purposes

2. To probe systematic model errors, error-compensations and drifts that
are robust across forecast timescales (short-range to seasonal to
climate) to assist the process of tackling model systematic errors ‘at source’

3. To deliver an efficient platform for undertaking global coupled model
evaluation feeding into new Met Office coupled physical model releases,
and future operational systems including:

* [2014] Global coupled short-range ocean forecasting system (for MyOcean2)

* [20147] Global coupled medium-range ensemble NWP system (MOGREPS-
15/GloSea merger)

* [2020 vision] High resolution global coupled ensemble NWP system

— These aims align closely with the Met Office’s increasing attention on
seamless model prediction / seamless model assessment



Experiments: Methodology
200+ Case studies D1-15
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*Coupled model: Higher resolution global configuration of HadGEM3-AOIL consisting of...

»Global Atmos GA3.0 @ N216L.85 + Global Land GL3.0 (Walters et al. 2011 GMD)
»NEMO3.2@ORCA025L75 + CICE (version 4.1)
»OASIS coupler

Initialization: No coupled DA — atmosphere & ocean initialised separately
»Atmosphere+Land: Met Office 12 UTC operational NWP analyses (interpolated N216L85)

»Ocean+Sea Ice: 12-hour ocean forecasts from ocean analysis at 00UTC, using FOAM-
NEMOVAR model (NEMO3.2@ORCAO025L75 + CICE), driven with OP NWP fluxes

*Experiments: Initialised hindcast case study sets (single member) to T+15 days:

LCoupled: Free running (no flux adjustment/bias correction)
LAtmosphere-only controls: Persisted initial SST anomaly, fixed sea ice
LJOcean-only controls: Driven with 3-hourly mean fluxes from atmos-only controls



Experiments: Case study start dates

Met Office
Core (~150 cases) _ TWP+_f~120 cases)
» Selected start dates in the range « Daily start dates over 4
June 2008 to November 2010 months January-April 2010
* 10 *winter” and 10 “summer” cases, . .
plus MJO periods and other cases * Set-up with 1-hourly coupling
frequency instead of 3-hourly

Initalised Coupled model SST(C) forecasts in North_Atlantic region

i Mean SST in North Atlantic for each initialised forecast, colour coded

by phenomena

¥\ TWP+

ﬁk \ A\ period ]
/> -
V h
/ / |

16

14

I1I|III|I[I|III|III

7 f
w H“ \ i
12 =
\\ \ :
Dilhoondemome N L T !
iurnal Variabili
10 —  Cyclone \v‘ e -]
— MO N
Forecast Bust 1
Westerly Wind Burst
8 L . . . L . L . L 1 . 1
01-Aug 01-Dec 01-Apr 01-Aug 01-Dec 01-Apr
2009 2010

© Crown copyright



Coupled mode performance: Tropics
500hPa Height DJF 925hPa T JJA

Met Office Cases: +—+ Coupled_model 3-xAtmos_control

*Two examples of
good coupled skill
relative to
atmosphere-only
control forecasts

*Tropics is the main
area of atmospheric
performance
difference

*Performance
mostly comparable
in the extra-tropics

b

£

e ]

-0

A2

FC-Anl Mean Ermr

-14

-8

-18

25

a0

FC-Anl PAS Ersor
A

1234 35 43 60 T3 0 OFR 10120122041 50100 100 19612 L AT ERIM0T ST MAT T E )

Casas: +=+Coupled_model »xAtmos_control

0.2

0.4

Esmar

Rk

FC-Ank Maean

Q.8

BIAS

Atmosphere only
Coupled

Forecast Rangs (Hy

[rO220 0TS M 2T EAI00N T2 A1 AN 0TS
hiry

FC-#Anl FMS Enor
a

=

0.8

06

RMSE

]!
© Crown copyright Met OfﬁceT'l' |;r4 36 48 50 T2 B4 B 108 wmmﬁrﬁﬂl?jﬁ?ﬁ: 2?5&4103;!21145%1&5?2 T+ 1 5 Ferscen. Fange H"'1 0

) TE 24 36 48 60 T2 B4 BE 1081200 221441 561881801 92204.2 2202400 SR DTEEI00N A2 4TIEDABIE0IT

15



Ocean Verification (SST): Coupled
versus ocean-only control forecasts
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Seasons SST Drifting BUQOY Tropical Pacific
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SST biases: Climate vs. Coupled NWP

Met Office Climate:50-yr mean
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Diurnal variability in SST:in-situ

M Oﬂl TRITON Buoy Locations
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*Assessment of diurnal range and maxima and minima timing.

*In-situ data: 12 buoys from TRITON array.C
Hourly data, at ~ 1m depth.

*Model and observational data extracted for February 2010. Model run with
1hr coupling,

* An algorithm has been used to determine daily maximum and minimum
values from time series and time of the day of each. (Sykes et al. 2011)




Diurnal variability in SST
Buoy-model comparisons

Hourly time series:
*Model shows similar diurnal varialibity
*Biases vary with forecast time

Daily Diurnal Range

------

R(1)=0.741

BIAS(0)=0.296

147E 5N

Daily time series:

*Larger event captured by model

*‘Model overestimates range and maxima
*‘Minima exhibit lower bias

Maximum and minimum timing:

*Model maxima ~0.5hr later compared to
model.

*Model minima ~ 1.5 later.




Buoy-model comparisons:
metofice Statistics across all buoys

I L O
ST | RUANOW) | BIAS | RWS [R(ANOW) | BIAS | RWS | R | BIAS | RWS

FCSTO 0.78 -0.03 0.18 0.86 0.34 0.44 0.79 0.37 0.46
FCST1 0.69 0.01 0.23 0.78 0.33 0.48 0.69 0.31 0.45
FCST4 0.53 -0.04 0.28 0.49 0.07 0.41 0.23 0.11 0.35

*  Assess temporal correlation of model to buoy data with
anomaly correlations.

Warm bias in the model maxima compared to buoys (0.07K
-0.34K)

* Range is overestimated.

-As forecast day increases, overestimation decreases.
-Correlation decreases rapidly with day forecast.




Model-satellite comparisons

Average Diurnal Range (C)
from MTSAT in Feb 2010
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«Satellite: MTSAT-1R SSTskin.
(TWP+ product)

*Diurnal max/min algorithm has
been used.

*Minima overestimated by model
over entire domain, especially at
coastal regions.

*Model maxima show smaller
(positive) bias.

*Range of diurnal variability is
overestimated in most of TWP
region.




Sensitivity to air-sea coupling frequency
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*Increasing the coupling frequency does not change significantly the model
diurnal amplitude. However, it improves the timing of maxima and minima

events.
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Conclusions:
mMetoffice |njtialised coupled model

* Air-sea-ice coupling in the MetUM (HadGEMS3-AOQOIL) shows
promise for improving short to medium range forecasting skill, even
without bias corrections — particularly in Tropics.

* Careful diagnosis is required to investigate compensating
systematic errors in the two systems — Ocean and Atmosphere

* In the extra-tropics skill is generally competitive in coupled versus
uncoupled hindcasts (not shown)

* Coupled NWP shows potential as a framework for studying

persistent systematic error seen in climate models — TRANSPOSE
CMIP.



Met

Future work: Initialised
ofice. coupled model

Develop the appropriate diagnostics to understand the impact of air-sea interaction on
modelled performance and phenomena, and to characterise robust signals of coupled
model systematic errors emergent on short timescales and their underlying causes.

Evaluate c%l{ll%led NWP runs against process based field experiment data (e.g.
CINDY, DYNAMO)

In progress

* Increase resolution to current operational NWP and ocean forecast resolutions:
N512 (c. 25km) atmosphere and ORCAO025 (c. 25km) ocean

* N768 (17km) and 1/12 degree ocean.

Weakly coupled data assimilation — under development

— The coupled model is used to provide the background state for the ocean and
atmosphere data assimilation systems.

— Test impact on initialisation shock.
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New thermodynamic coupling
Met Office (SST

Current model Proposed new model

skin)

SwW, LW and turbulent fluxes SW, LW and turbulent fluxes

UM/JULES
UM/JULES

T

:)SrSc')l'é_ii_rloAr:n NEMO Skin T calulated in UM Fsurf= (K/2h)(T

skin_ SST)

Surface heat flux|
used by NEMO

Surface heat flux
Surface used by NEMO
layer

NEMO
NEMO

‘New scheme allows diurnal cycle of skin T co be captured
regardless of coupling frequency.

‘It should improve accuracy of surface fluxes.



Future work: diurnal variability of
MetOfice OO S

-Study physical processes of diurnal variability of SST and assess
the capability of couple model to simulate workings of this variability.

- Test thermodynamic coupling scheme and impact on variability of
SST. TWP+ observational products provide a good framework for
evaluation/tuning of the new scheme.

*Collaboration with TWP+ inter comparison project.
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Questions
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Coupling issues
Difficulties arising from atmosphere and

Met Office ocean/sea ice components running in
parallel :

1) At start of coupled model run.

2) 2-way lag potentially relevant for air-sea
feedbacks and simulation of diurnal cycle.

atmosphere

<Surf. Fluxes>

SST SST

ocean

3h 6h 9h
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Model-satellite comparisons:
metofice Statistics across all points

] W~ [ MAX | RANGE
| FCST | BIAS | RWS | BIAS | RWS | BIAS | RMS

FCSTO 0638 0.94 0.39 0.77 -0.33 0.78
FCST1 0.71 0.97 0.38 0.79 -0.38 0.80
FCST4 069 0.98 0.25 0.79 -0.52 0.88

Warm bias in the mininum for all forecasts (~0.7K)

Warm bias in the maximum that decreases with
forecast day (0.39K to 0.25K)

Underestimation in diurnal range that increases with
forecast day (0.33 Kto 0.5K).
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