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Coupling for improved diurnal cycle and impact on extremes

* Introduction: the ECMWEF forecasting systems in 2018

» Three examples for surface-atmosphere coupling relevance:
— Ocean-coupling effects on diurnal cycle of temperature and cyclones
— Soil-coupling effects on soil moisture and extreme surface temperature

— Snow-coupling effects on snow depth and extreme surface temperature
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e Outlook

— Improved surface coupling as key to hydrological & environmental applications
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Modelling surface heterogeneity and coupling with the atmosphere

* The processes that are most relevant for near-surface weather prediction are also those that are
most interactive and exhibit positive feedbacks or have key role in energy partitioning
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Over Ln

Over Ocean/Cryosphere Over Water-bodies
« Snow-cover, ice freezing/melting « Transition from open-sea to ice-covered « Lakes have large thermal inertia
hav itive f k via the al ndition :
ave positive feedback via the albedo conditions . Different albedo & roughness
* Vegetation growth and variability « Sea-state dependent interaction wind
interact with turbulence & moisture induced mixing/waves
« Vertical heat transport in soil/snow « Vertical transport of heat

Spatial heterogeneity calls for high-resolution horizontal/vertical to represent the surface-atmosphere coupling
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Earth surface coupling role in medium-range and S2S

In order to realize the Land potential
models need to represent nature in

Atmosphere its:
(Weather) * Memory
« Coupling
« Variability

Predictability

Ocean (Climate)

~10days ~2 months Time =y
a
Dirmeyer et al. 2015: http://library.wmo.int/pmb_ged/wmo 1156 en.pdf M
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http://library.wmo.int/pmb_ged/wmo_1156_en.pdf
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Earth surface modelling components @ECMWEF in 2018 Lafr?gs 0018
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® Hydrology-TESSEL ® NEW SNOW ® NEW LAI ® H,O/E /CO, ® Lake & Coastalarea @ Enhance ML
Balsamo et al. (2009) Dutra et al. (2010) Boussetta et al. (2013) Integration of Mironoy et al (2010), S ML5 1 1 1
van den Hurkand Vierbo SRR B i (*migration completed with
(2003) evised snow density New satellite-based Carbon/Energy/Water Dutra et al. (2010), Soil ML9 H
Global Soil Texture (FAO) Liquid water reservoir ° H RES-coupIed Operatlonal
Leaf-Area-Index Boussetts et al. 2013 Balsamo et al. (2012, 2010) Dutra et al. (2012, 2016) f h h 2018
New hydraulic properties REViSiOTj of/:;lbe(;o AangtB daebal. BOHE Extra tilo (9) b rom t e 5t ‘June )
and sub-gri . agusti-Faparecaet al. 01> ra tile G} Balsamo et al. (2016
Variable Infiltration capacity & snow cover ® SOIL Evaporation for sub-grid lakes ¢ ’
surface runoff revision and ice

Balsamo et al. (2011),

Albergel et al. (2012)
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Seamless surface-atmosphere coupling of Integrated Forecasting System
As operational on June 5", 2018
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ERA-Land 1979-2018
Land Analysis

| Atmosphere-Land model |

|| Atmosphere-Land model || || Atmosphere-Land model ||
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Ocean Analysis (1/4° Analysis (1/4°)

See Buizza et al (2018), Keeley et al (2018), Mogensen et al (2018), published in the ECMWF 2018 Summer Newsletter
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Coupling for improved diurnal cycle and impact on extremes

* Introduction: the ECMWF forecasting systems in 2018

* Three examples for surface-atmosphere coupling relevance:
— Ocean-coupling effects on diurnal cycle of temperature and cyclones
— Soil-coupling effects on soil moisture and extreme surface temperature

— Snow-coupling effects on snow depth and extreme surface temperature

e Outlook

— Improved surface coupling as key to hydrological & environmental applications
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Ocean-coupling and local effects on sea surface temperature (SST)

incoming
solar radiation

ltigalent

Uncoupled
Forecast has

Specified SST

Uncoupled

radiation

latent
heat flux

longwave
radlago_n_ evaporation
n

Coupled forecast has
10-ocean prognostic
layers in the top 10m

= = [ (75-layersin total)  |IlGliy
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Sea-surface temperature (°C)
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Tropical Cyclone Neoguri, July 2014

Coupled
———— Uncoupled

———— QObservations

5Jul 2014 7 Jul 9 Jul 11Jul 13 Jul

= gest track

» The ECMWF Ocean-coupled (red) model is better simulate the cool wake after the passage
of Tropical cyclone Neoguri. A more realistic response is observed comparing the 10-day
forecast with an on-track DRIBU observation of SST, both for TC passage and diurnal cycle ~
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Mogensen et al 2018




Impact of Ocean-coupling along the track of Tropical Cyclone Neoguri
Sea surface temperature

Surface heat flux
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Coupled Forecast:

Gets the SST
cooling better
Reduced Heat
flux to atmos.
Gets the TC
Intensity
Better



Comparing forecasts with satellite-based sea surface temperature

Sea surface temperature (forecast)
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Sea surface temperature (observation)
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Satellite Observations
from AMSR2 MW SST

After the passage of
Tropical Cyclone Neoguiri,
10" of July 2014
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Coupled forecast:

+ Getsthe SST
cooling after
the passage of
Tropical Cycle in
better agreement
with EO data of
Satellite SSTs
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Impact of Ocean-coupling on Tropical Cyclones and relevance for 2018 season

Tropical Cyclones Intensity is generally improved when looking at recent cases (past 2-years)

30

e
MSLP |
Error AT The red curve is for
(hPa) " / the ECMWF HRES
B Coupled as implemented

10+

on the 5t of June 2018

0 24 48 72 96 120 144 168 192 216 240
Forecasttime step (hours)

Mean-sea-level-pressure, MSLP in hPa, of new 45r1 (red) & 43r3 (blue). The data sample includes about 750 cases

at initial time, decreasing to about 200 at forecast day 5-6 and to about 50 at day 10. Bars indicate 95% confidence.
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What happens to the temperature diurnal cycle enhancing surface coupling?

« Towards more realistic surface temperature (skin and below) particularly in clear/sky

» Towards increased variability and surface responsiveness to atmospheric forcing

Ocean skin Land skin
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Coupling for improved diurnal cycle and impact on extremes

* Introduction: the ECMWF forecasting systems in 2018

* Three examples for surface-atmosphere coupling relevance:
— Ocean-coupling effects on diurnal cycle of temperature and cyclones
— Soil-coupling effects on soil moisture and extreme surface temperature

— Snow-coupling effects on snow depth and extreme surface temperature
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Increased soil model vertical resolution to improve use of satellite data

An enhanced soil vertical layer is motivated by land data assimilation as
it shown to better correlate with satellite products of soil moisture.

4-layers:
#0-7cm

#7-28 cm

# 28-100 cm

# 100-289 cm

-0.30 -0.24 -0.18 -0.12 -0.06 0.00
Thanks to Clément Albergel, Patricia De Rosnay, LDAS-Team

9-layers:
#0-1cm

#1-3cm

# 3-7cm
#7-15cm
#15-25cm

# 25-50 cm

# 50-100 cm
# 100-200 cm
# 200-300 cm

Comparison with ESA-CCI soil moisture remote sensing (multi-sensor)
product.(1988-2014). A finer soil model improves the correlation with

measured satellite soil moisture

Globally Improved match to satellite soill
moisture (shown is Anomaly correlation
AACC calculate on 1-month running mean)

)

See Dorigo et al. (2017 RSE)



Impact of the soil model vertical resolution: heatwaves SEeVEritY  i.emeneswaningsacosssouthem

Europe as temperatures hit 40C and above

Not dangerous Potentially dangerous

Dangerous @ Very dangerous

During summer 2017 the effect of multi-layer is examined for European heatwave, here shown for
Corboba (Spain) where temperatures went above 40° Celsius on the 6t of August 2017
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Coupling for improved diurnal cycle and impact on extremes

* Introduction: the ECMWF forecasting systems in 2018

 Three examples for surface-atmosphere coupling relevance:
— Ocean-coupling effects on diurnal cycle of temperature and cyclones

— Soil-coupling effects on soil moisture and extreme surface temperature

— Snow-coupling effects on snow depth and extreme surface temperature
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Increased snow model vertical resolution: impact in cold regions climate

Increased vertical discretization of the snowpack (up to 5 layers) permits a better physical processes representation
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Snow single-layer (SL) X cm (variable) ﬁ Snow multi-layer (ML) X cm (variable)
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Impact of snow model vertical resolution increase on near surface temperature

Increased vertical discretization of the snowpack (up to 5 layers) permits a better 2-m forecast: here hourly day-2
forecasts are shown for 24-hour to 47-hour ahead, concatenated to form a continuous time-series _
i

T2m Observations, T2m forecast (current snow, SL), T2m forecast (ML)

_s5 , . ' ' 2m temperature

“10M\ e A\ A /\ ‘\ ‘ . A
\ Al
'ﬂ . p ‘ A v/ \ 1
N v : : /W y " In clear-sky the MULTI-layer
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—20} observation match.
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Thanks to Gabriele Arduini, Thomas Haiden, Irina Sandu & USURF Team



Earth Observations for surface coupled model development: the example of LSTs

Land Surface Temperatures (LSTs) provides validation and guides diurnal cycle model development:
» LST to evaluate impact of vegetation modelling (see Trigo et al. 2015, used EUM-LSA-SAF )
» LST to constrain HTESSEL coupling parameters (see Orth et al., 2017, used ESA-CCI)

* LST to show value multi-layer snow over Antarctica (see Dutra et al 2017, used MODIS)

2011/07/15 00:00

CSECMWF :

Thanks to Isabel Trigo, Ben Ruston & ISWG Team




Mapping the vegetation state from satellite data

Boussetta et al. (2015, RSE)
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Coupling and diurnal cycle: vegetation

Trigo et al. (2015, JGR in rev.), Boussetta et al. (2015, RSE)
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Findings of large biases in the diurnal temperature reposed on the use of MSG Skin Temperature.
However with the current model version we are limited (both over bare soil and vegetation)
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Summary

* Model development on diurnal cycle improvements connects to capability of better
representing Extreme events (good argument in favor of seamless approach)

* Three cases shown: Ocean-coupling, Soil-layers, Snow-layers enhancements

» Systematic model errors when reduced will introduce larger variability (skill ,, rmse)
* Energy & Water cycle improvements (e.g. soil moisture, snow) support hydro-apps
« Carbon cycle forecasting skills strongly depend on temperature & moisture, fluxes

Outlook:
« EO-observations (Tskin, MW) can validate increase complexity in surface modelling

* Progressive inclusion across-models of human impact (CO2, Water-use, Land-use)

An example in the CO2 Human Emissions project https://www.che-project.eu
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https://www.che-project.eu/

