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Computational power drives spatial resolution
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Ensemble of assimilations and forecasts
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C Challenge:Monitoringatmospheric CQ
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Earth surface modelling components @ECMWEF in 2018

® NEMO3.4
NEMO3.4 (Nucleus for European Modelling of the Ocean)

Madec et al. (2008)

Mogensen et al. (2012)

ORCA1_Z42:1.0° x 1.0°
ORCAO025_2Z75 : 0.25° x 0.25°

® EC-WAM

ECMWF Wave Model

Janssen, (2004)

Janssen et al. (2013)

ENS-WAM : 0.25° x 0.25°

HRES-WAM: 0.125° x 0.125°

® LiM2
The Louvain-la-Neuve Sea Ice Model
Fichefet and Morales Magueda (1997)
Bouillon et al. (2009)

Vancoppenolle et al. (2009)

ORCAO025_2Z75: 0.25° x 0.25°

ECMWF
in 2018
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® Hydrology-TESSEL ® NEW SNOW NEW LAI ® H,O/E /CO, ® Lake & Coastalarea @ Enhance ML

Balsamo et al. (2009)
van den Hurk and Viterbo

Dutra et al. (2010)

(2003) Revised snow density

Global Soil Texture (FAO)

Revision of Albedo
and sub-grid
snow cover

New hydraulic properties

Variable Infiltration capacity &
surface runoff revision

Liquid water reservoir

Boussetta et al. (2013)

New satellite-based

Leaf-Area-Index

SOIL Evaporation
Balsamo et al. (2011),

Albergel et al. (2012)

Integration of
Carbon/Energy/Water

Boussetta et al. 2013

Agusti-Panareda et al. 2015

Mironoy et al (2010), Snow ML5

Dutra et al. (2010), Soil ML9

Balsamo et al. (2012, 2010) Dutra et al. (2012, 2016)
Extra tile (9) to
for sub-grid lakes
and ice

Balsamo et al. (2016)

LW tiling (Dutra)
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*Qcean
used across forecast systems
and in Ocean reanalysis

(*migration completed with
HRES-coupled operational
from the 5th June 2018)

+Land
used across forecast systems
and new Climate reanalysis



The tile scheme allows for a simple representation of surface
heterogeneity over land and for fractional sea ice over the ocean

NEMO (Nucleus for European HTESSEL (Hydrology -Tiled ECMWF FLAKE (Fresh water
Modelling of the Ocean) + Scheme for Surface Exchanges over Land)  Lake scheme)

WAM (Wave Model)

Lake

Sealce  Open ocean

l l Lowest
model level

snow under
high vegetation




Impact of the soil model vertical resolution: heatwaves SEVEritY  .emeneawamingscosssouthem

Europe as temperatures hit 40C and above

Not dangerous Potentially dangerous

Dangerous @ Very dangerous

During summer 2017 the effect of multiyer is examined for European heatwave, here shown for
Corboba(Spain) where temperatures went above4lelsius on thet6of August 2017

— — SoT ML9

s
s &
Tsk CTL o
55 T T T T ‘ 49 "
b S

ECMWF ] . -

Land ot 1 : -

model

ML9 & £ 50N : :

ML4 o Differences in

- W . . . - the maximum

(Ofﬂlne) Aug/02 Aug/04 Aug/06 Aug/08 Aug/10 .

don skin temperature
Tsk ML9-CTL M L9_ M L4
2 T T T T 30N

Difference

ML9 ML4 g ! 2 15 41 ©5 €1 ¢ 01 ¢5 1 15 2

soil model .

(offline) ol 1 An enhanced solil vertical discretisation is increasing the amplitude
of the diurnal cycle. Extremes heatwave are up to 1 K hotter

1 1 1 1
Aug/02 Aug/04 Aug/06 Aug/08 Aug/10



friction velocity? (correlated with momentum flux)
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Surface energy balance:

Q,tH+LE=G

Q, : Net radiation (solar + thermal)
H : Sensible heat flux

LE : Latent heat flux

G . Heat flux into the surface

T, Radiation intercepting/emitting level,

Dsurf l

Temperature of T
deep soil, snow,
ice, or bulk SST

e.g. SST, ice surface , vegetation canopy, litter
layer on top of bare soil, top of snow layer, or
combination of these in a heterogeneous
configuration

Typical numbers

Land
Snhow

Ice
Open ocean

Agi (K) Dy, (CM)
Diurnal cycle Surface penetration
amplitude of Tsk depth of diurnal cycle
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uncoupled (SCM) diurnal fluxes

Benson. UK Tropical Pacific
surface energy budget Surface energy budget
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(Importance of Bowen ratio for convective organisation, Sakradzija & Hohenegger, 2017)
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Global KESpectra ~500hPa

Horizontal kinetic energy spectra

Horizontal kinetic energy spectra
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Resolve rather than parametrize much of the
crucial vertical transport of momentum and heat



log(horizontal KE) [m**2/s**2]

2.5

2.0

1.5

1.0

500hPa horizontal kinetic energy spectra

AN
A N ‘;\"‘3‘?\.«..

Vo

&

IFS 1km
IFS 5km NoConv
IFS 5km Conv
== |CON 5km NoConv
= |CON 5km Conv \

| | | | | | | ] l | | | | I |
10 10° 10°
spherical wave number

(Daniel Klocke, DWD)



Ocean model - resolution
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Mercator Grid Resolution Required to Resolve Baroclinic Deformation Radius with 2 Ax
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Arctiv Ocean
circulation at ~1km

AWI FESOM2 team
Animation: Nikolay Koldunov (AWI)

4 months/day, time step 2 min,
1700 Broadwell cores on Cray CS400
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Sea ice
A Heterogeneous surface

I Snow (albedo 0.8 compared to water/black ..
ice 0.1) T

I Melt ponds
I Ridges and rafted ice (variable thickness)

I Leads (open water)

1) Impact on the atmosphere

- Heat flux with / without ice cover,
roughness // ocean wave distribution

2) Thin ice vs thick ice

- Requires multi-layered/multi-category ice -
thickness distribution :

- Impact on Rheology (breakage; can be
affected by waves as well)

3) Impact on ocean GRS} 5 A R i, oot R N
Permanent Ice shelves are modelled as land

- change in the density (melting ice) and :
(but Ross sea / Weddell sea ice from -77 S)

temperature/salinity profile of the upper

e
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Ocean Waves

AThe irregular water surface can be decomposed into a
- number of simple sinusoidal components with different
frequencies (f) and propagation directions (q).

The distribution of wave energy AE(f.0)
among those components is called:

nNnwave ener gy, b(egr t

water density: } , and gravity: g

-
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1g Coefficient over open oceans
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Sea state dependency on
wwe MOMentum and heat fluxes
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1 Forecast from 20170904 (Irma)
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All open ocean grid points.

Increase of drag with increasing wind, opposite to smooth surface
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Breakdown of relationship at very high wind speeds ?
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speed dependent
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= Met Office

SST-windstress
relationship

A Positive correlations indicate where
ocean leads atmosphere

A Ocean becomes more important as
resolution increases

A Once eddies and fronts present, not
strongly sensitive to resolution

A Deficiency in physics of
atmospheric boundary layer
parameterisations? (Song et al.,
2009)

www.metoffice.gov.uk
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Mapping continuously the surface at 1km: water bodies to improve surface fluxes

Classifying automatically inland water bodies is a complex task. A 1-km water bodies cover and bathymetry have been produced

ES/GIobCOVER Flooding allows classify, New classificatioalgo  Es/GlobCOVER combined with JRC/GLC

m ECMWF Newsletter No. 150 — Winter 2016/17

Lakes in weather prediction: a moving target

GIANPAOLO BALSAMO (ECMWF),
ALAN BELWARD
(Joint Research Centre)

Son se Son SN SN Sw Am Ao AW e Lakes are important for numerical
weather prediction (NWP) because they
influence the local weather and climate.

A new 1-km global bathymetry and water body map That i why in May 2015 ECMWF

implemented a simple but effective
interactive lake model to represent the
water temperature and lake ice of all

H the world’s major inland water bodies in
- Aral Sea In 1998 the Integrated Forecasting System (IFS).
. The model is based on the version of
the FLake parametrization developed
‘ l . 5 *'f (I eft) and 20 15 (rlght) at the German National Meteorological
-
[ i

BOW 58W 55W 54w 524 50W 48W 46W 44W 420 60W 58w 56W 54W 520 500 48w 45W A4 420

Service (DWD), which uses a static

a.s Observed by dataset to represent the extent and

bathymetry of the world’s lakes.

Landsat H(t)v;/ﬁv e : e :iha t?t(;btalnelt;lfron:f Dynamic lakes. The size of Poyang Lake (left), one of China’s largest lakes, fluctuates
S slowan e woncasurace dramatically between wet and dry seasons each year while overall decreasing. Lake Gairdner

" water bodies are far from static. By in Australia (right), which is over 150 km long, is an ephemeral lake resulting from episodic
analysing more than 3 million satellite inundations. Both maps show the occurrence of water over the past 32 years: the lighter the
images collected between 1984 and tone the lower the occurrence. (Images: Joint Research Centre/Google 2016)
2015 by the USGS/NASA Landsat
satellite programme, new global
maps of surface water occurrence and
change with a 30-metre resolution
i have been produced. These provide a
globally consistent view of one of our
1 b g planet’s most vital resources, and they
Fl make it possible to measure where the
] world’s surface water bodies really can
be found at any given time.

| o

- = eoomEe o om = o As explained in a recent Nature article
(doi:10.1038/nature20584), the maps
show that over the past three decades
almost 90,000 km? of the lakes and

rivers thought of as permanent have o ) . ) o L
vanished from the Earth’s surface. That Lake Victoria. Lakes in tropical areas are linked with high-impact weather by contributing to

the formation of convective cells. (Photo: MHGALLERY/iStock/Thinkstock)

is equivalent to Europe losing half of its
lakes. The losses are linked to drought an




Transformations in time (averaging) and space (grids) at
eaCh COUpllng eXChange Octahedral Gaussian grid

Ocean/Sea-ice
Ocean waves

Tripolar Grid

Latitude/Longitude grid

Atmosphere/land-surface

Gung-Ho

developments Coupling frameworks/toolkits could be used
OASIS3-MCT (Valcke, 2013); ESMF (Hill et al, 2004)

Schopf 2005 after Murray 1996
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