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ECMWF 2016 Annual Seminar Earth system modelling for seamless prediction:  
On which processes should we focus to further improve atmospheric predictive skill? 

http://www.ecmwf.int/en/annual-seminar-2016  

Multi-spheres concept in modelling & prediction 
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Natural Land & Human-activity @ECMWF:  
How can/will natural land modelling include LUC 
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Oceans & marine cryosphere @ECMWF:  
How climate modelling fed into weather 



Earth surface modelling components @ECMWF 
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Ocean 3D-Model 
Surface Waves and 
currents, Sea-ice. 

Land surface 1D-model 
soil, snow, vegetation, 
lakes and coastal water 
(thermodynamics only).  
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Ingredients of the ECMWF operational sea-ice model 
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l  INTERACTIVE Dynamical SEA-ICE since NOVEMBER 2016 

For the first-time the ice is evolved along the Ensemble Forecast System 
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l  INTEGRATED within the TILING approach 

Fractional ice cover benefit from a tiled energy balance for water/ice 
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Sea-ice cover in the Ensemble Forecasting System 



October 29, 2014 

Lakes 3M Challenges 
Mapping, Monitoring, and 
Modelling for Prediction 
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OSI-SAF Satellite Ice  
cover 18 April 2016 

ECMWF IFS Lake Ice Cover 
(Ladoga melting faster) 

Interactive lakes became operational at ECMWF 
On May 2015 in every day Forecasts 
 
Here a case Study of 18 April 2016: The Largest 
European Lakes: Lake Lagoda & Lake Onega  
 



Using models as tool for process understanding:  
The need of observations for validation  

Coupled Single Column Modelling Observation Towers (e.g. Dome-C) 
(from APPLICATE Courtesy of Peter Bauer and Thomas Jung) 



Medium-range predictive skill: a cryosphere perspective 

fit ≈ 1 day/decade 

12-18 months 
development 

16km/32km 25km/50km 

(Bauer et al. 2014) 

9km/18km 



Cryosphere focus in the 
YOPP core-phase  

 
P. Bauer and T. Jung 
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From Observations to Predictions: An example in APPLICATE 

APPLICATE H2020 basic developments to more skilful prediction systems: 

(from APPLICATE Project PI, Thomas Jung, AWI) 
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Cryosphere: a fragile element of the climate system affecting weather 
•  A larger use of meteorological and cryosphere data can now provide a more comprehensive 
understanding cryosphere changes. The snow (& sea-ice) are “climate switches” (Betts et al 2016)  

•  The year 2016 has been an extreme example in this context with the annual-mean global surface 
temperature reaching a warming level of 1.3°C above pre-industrial times (based on reanalyses) as 
highlighted by the Copernicus Climate Change Services press-release of 5th January 2017. 

•  Similarly, an exceptional reduction in global sea-ice extent has been observed in 2016, 
encompassing both Arctic and Antarctic, and for this the European Copernicus programme will 
provide dedicated monitoring via Sentinel satellites: 

•  https://sentinel.esa.int/web/sentinel/thematic-areas/marine-monitoring-content/-/article/sentinel-1-
data-advance-sea-ice-monitoring 

•  Recent sea-ice studies and datasets highlight the robustness of the trends of the marine 
cryosphere (e.g. Tonboe et al. 2016, documenting OSI-SAF dataset). 

•  Good timing for the APPLICATE project http://applicate.eu 

•  Good synergy with PPP (Polar Prediction Panel) programs and YOPP (Year of Polar Prediction) 
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Water cycle: natural and anthropogenic pathways 

•  Water cycle improvement is an evergreen problem for NWP model are not yet capable to 
reproduce tropical weather (e.g. diurnal cycle and links with ITCZ) 

•  Water cycle is not ruled by nature only but also by economic and societal interests (in the 
Anthropogenic era) 

•  Extreme events and disruption of the water cycle have enormous amount of consequences 

•  Droughts and heat waves are directly health and life threatening extremes, but their 
teleconnections are beyond local and medium-range. 
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Carbon cycle: natural and anthropogenic pathways 

•  CO2 forecasts (and other Carbon & other Compounds) are part of the Copernicus Atmospheric 
Monitoring Services and Copernicus Climate Change Services operated at ECMWF. 

•  Several links possible with GEWEX Grand Challenges and Core Science 

•  GEWEX is perceived as having a key role in leveraging research priorities  



Modelling atmospheric CO2  in C-IFS 
courtesy of Anna Agustì-Panareda 

Fluxes 
Vegetation (CTESSEL model)  
 
     Source 
 
     Sink 
      
Fires (GFAS)                      

 
Ocean  (Takahashi et al 2009)  

 
    Source  
 
    Sink 
 
Anthropogenic   
(EDGAR v4.2) 

Symbol size reflects the relative flux intensity 
(Note that fires have been re-scaled by a factor of 10) 

Transport 
IFS model  

 GOSAT view 

Agusti-Panareda et al. ACP 2014 

CO2 surface fluxes &  
column-averaged dry-air 
mole fraction of CO2  [ppm] 
 
 



Motivation for enhancing urban modelling @ECMWF 

l  Urban area (a, in %, from ECOCLIMAP,  
Masson et al., 2003) 

l  Urban areas are important for the accurate prediction of extreme events such as heatwaves and urban flooding and 
need to be represented in ECMWF model. 

l  Best and Grimmond (2015) suggested that simple models may be well adapted to global applications 
l  Users lives urban areas and look at the forecast for urban locations. 
l  Urban maps combined with emission factors can provide first guess CO2 anthropogenic fluxes  

l  Number of ECMWF Meteograms  
product requests from Member-States 

l  EDGAR 4.2 
CO2 Human Emissions 
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Summary and outlook 
•  Joining GEWEX SSG in 2017: a responsibility and a honor 
• Supporting with information from ECMWF & its Member-States Research 
• Supporting and Providing links to 

–  The WCRP Grand Challenge on Near-Term Climate Prediction GC-NTCP 
–  The WMO Global Cryoshere Watch WMO-GCW 

• Numerical Weather Prediction moving towards Environmental & Extended-range 
–  New set of Challenges to include relevant processes provided they are observable 
–  With All Traditional Challenges still Valid and increasing with System’s complexity 
–  Data & User Driven Research to push innovation uptake for improved Services 
–  Large Collaborative Efforts (@ECMWF and within the NWP & Climate community) 
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Extra-slide for Q&A and further reading 
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Advancing weather science 
1    Earth system modelling 
2    Earth system assimilation and predictability 
Delivering global predictions 
3    The integrated ensemble system 
4    The quality of our forecasts 
Sustaining high-performance computing 
5    Scalability 
6    High-performance computing 
Supporting ECMWF 
7    Funding and people 
8    ECMWF’s accommodation 
Serving Member and Co-operating States 
9    Making deliverables and expertise available 
10  Delivering environmental information 
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How complex are the coupled Processes over land and ocean/sea-ice? 
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Source: Mosaic project Source: GEWEX imperatives, Courtesy of Mike Ek 
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Coupled Processes at the surface interface: What are the challenges? 
•  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 

•  Studying and constraining positive feedback processes is key to advance seamless forecasting, 
embracing a larger amount of physical processes while still maintaining model realism 
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Over Land  
•  Snow-cover, ice freezing/melting are in a 

positive feedback via the albedo 

•  Vegetation growth and variability and 
interaction with turbulence 

•  Vertical heat transport in soil/snow 

Over Ocean/Cryosphere  
•  Transition from open-sea to ice-covered 

conditions 

•  Sea-state dependent interaction wind 
induced mixing/waves 

•  Vertical transport of heat 

Night Day Night Day 



A nice example of an experimental global HRES dataset 
… ECMWF’s first global forecast at 1.25 km resolution Wind gusts at 9 km 

 
 
 
 
 
 
 
 
 
 
Wind gust at 1.25 km 

(Courtesy N. Wedi) 


