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Outline

- ECMWE Earth System modelling: Coupled atmosphere-wave-
ocean-sea-ice system.

-Impact of coupling on tropical cyclone predictions.

-Wave effect on exchange coefficients for momentum, heat
and moisture.
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Earth system modelling:
Different aspects of coupling for ECMWF

Improving weather forecasts

— To improve the representation of relevant processes
(tropical cyclones, improved winds, surface fluxes).
Extending the predictability horizon
— To Monthly-Seasonal and Decadal predictions.
— The focus is on the initialization of the slow component.
Consistent analysis/Reanalysis of the Earth System
— Better use of observations.

— More consistent initialization of coupled forecasts
models.
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Impact of Coupling on tropical cyclone forecast

Tropical cyclone core pressure mean error in the western Pacific (hPa)
in the operational high resolution system (HRES)

Blue dots: south of 20°N

Red dots: north of 20°N
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Impact of Coupling on tropical cyclone forecast

For instance Typhoon Neoguri: forecasts from 6 July 2014, 0 UTC
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Black: estimated from observations
Green: operational HRES configuration (uncoupled) TL1279
Red: experimental: coupled to NEMO (ORCA025_Z775)
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Impact of Coupling on tropical cyclone forecast

Forecast from 20140706 0UTC, step=54 hours, valid on 20140708, 600 UTC

Forecast from 20140706 0UTC, step=54 hours, valid on 20140708, 600 UTC
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Impact of Coupling on tropical cyclone forecast
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Impact of Coupling on tropical cyclone forecast

16-Jul
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Impact of Coupling: revisit parameterisations?

x 103

Drag Coefficient over open oceans 003 _ Dalton number over open cceans
T T = H H T T T T - i i i i ] i i i

3203849 . . C i,
“==  Exchange coefficients | h
75728 . 0.0026 LA A I 65586
6 ol dependency on wind speed | R _
! " 2 d 11643 - - 10328
N RN : ... Left: formomentum (Cd) ;| |-
o001 O . - b g . 1543 §
3 : J ; 276 nght: fOF heat (Ch) § 257
1 N 5& K . e T N I S N I : 1
P M omwind speed i)’ ¢ ¢ © h = =Dy v " " “lomwind speed (mis)
T1279 forecast 10 d ’ d{ " ] ln(lﬂHzT) T1279 forecast ’

C4is sea state dependent ' [

0.0006 i ! ! i ! ! 1437533

189653

o A T S SN —
4 A s [ 25021
T R R A A S 61;
3 SRR SRR SRS SN S—

3 z
oo t 2 3301 Z —_
8 T —
k]
M K
uuuuuu I -E £
H E
8
1

1 15 2 256 3
friction velocity (m/s)

T1279 ferecast
agbl3 from 20140702 step O to 168 by 3

 an
- ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS




Impact of Coupling: revisit parameterisations?
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Impact of Coupling: revisit parameterisations
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In ECWAM, from about 1.3 times the peak
frequency the model has an omega-4
spectrum which is caused by the nonlinear
interactions pumping energy from the low
frequency waves to the high frequency waves.
In fact, we have the model spectra take the
form of the Toba spectrum in that frequency

range. 4

Flo)=0o, gu, @~

However, clearly for strong winds, hence large
u*, the Toba spectrum cannot hold because
the waves in that frequency range become too
steep and breaking should happen.

Therefore, the idea in this note is to impose a
limitation to the high frequency part of the
spectrum based on a limiting Phillips spectrum

Eﬂﬂl(f} — Ex?!‘!'ﬂ.l’ gz (2'?:}_4 f_i
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Impact of Coupling: revisit parameterisations?
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Impact of Coupling: revisit parameterisations?

Janssen, 1997:
Effect of surface gravity
waves on the heat flux
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Impact of Coupling: revisit parameterisations
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Impact of Coupling on tropical cyclone forecast
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Black: estimated from observations

Green: operational HRES configuration (uncoupled) TL1279
Red: coupled to NEMO (ORCA025 775)

Blue: coupled to NEMO + new physics
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Impact of Coupling on tropical cyclone forecast
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Conclusions:

e ECMWEF has a fully coupled atmosphere-wave-ocean
circulation forecasting system, currently operational in the
Ensemble Prediction System.

°The wave model act as an agent between the atmosphere
and the oceans.

*Work is ongoing on using a higher resolution ocean
components (ORCA025z75).

*There are clear benefit in coupling the different models, but
challenges as model parameterisations will need revisiting.
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