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How far can be predict into the future??
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Why increased attention on Land and Hydrology by NWP Centres?

Predictability

In order to realize the Land potential

models need to represent nature in
Atmosphere its:

(Weather) : g‘glfjnpjlrgg

» Variability

~Qcean (Climate)

~10 days ~2 months Time

Dirmeyer et al. 2015: http:/library.wmo.int/pmb_ged/wmo_1156_en.pdf
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On the relative contribution of land and ocean on ECMWF day-5 forecast

Forecast improvements at Day+5 (1 year)
Coupled-Ocean vs Uncoupled (only skin-interaction)
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Forecast improvements at Day+5 (1 year)
Coupled-Land vs Uncoupled (only skin-interaction)
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THINKING AHEAD

How far in advance can we predict extreme Low High
weather events, now and in the future?
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i Atm/L | ECMWF
Earth surface modelling components @ECMWF = Conflg.

resol. in 2017
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ERA5-Land: a 9-km land reanalysis (high-resolution downscaling, water conserving)

ERAS5/Land benefits from the R&D done in EartH2Observe H2020 project and Copernicus, is based on the new ERAS and it run at 9-times higher resolution
than ERA-Interim and 3.5-times higher resolution than ERAS. ERAS5/Land will match the highest resolution currently operational at ECMWF (HRES 9km)
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Munoz-Sabater et al on ERA5-Land description and performance Dutra et al on high resolution downscaling and performance

A temporally and spatially varying environmental

lapse-rate for temperature downscaling
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Thanks to Joaquin Munoz-Sabater and ERA-Team



Future enhanced soil model vertical resolution to increase use of satellite data

The model bias in Tskin amplitude shown by
Trigo et al. (2015) motivated the development of an enhanced soil

vertical discretisation to improve the match with satellite products.

4-layers:
#0-7cm
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Thanks to Clément Albergel

9-layers:
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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)

— Dorigo et al. (2017 RSE)



Future enhanced 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

Snow cover duration (SCD) over Europe 2016/2017
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Increased vertical discretization reduces the error of the seasonal = -30

snow cover duration by 5 to 15 days (evaluated in ERA5-Land mode)
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Thanks to Gabriele Arduini, Souhail Boussetta, Emanuel Dutra
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Mapping the surface at 1km: water bodies and changes over time

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

ESA GlobCOVER
has no water class

New classification algo
works well at 1km

Flooding allows classify,
problems w. large rivers
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A new 1-km global bathymetry and orography map (SRTM+/GEBCO/GLDB)
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Thanks to Margarita Choulga, Souhail Boussetta, Irina Sandu, Nils Wedi

ESA GlobCOVER is combined with JRC/GLCS
to detect Lake cover changes

ECMWF Newsletter No. 150 — Winter 2016/17

Lakes in weather prediction: a moving target

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

Lakes are important for numerical
weather prediction (NWP) because they
influence the local weather and climate.
That is why in May 2015 ECMWF
implemented a simple but effective
interactive lake model to represent the
water temperature and lake ice of all
the world’s major inland water bodies in
the Integrated Forecasting System (IFS).
The model is based on the version of
the FLake parametrization developed

at the German National Meteorological
Service (DWD), which uses a static
dataset to represent the extent and
bathymetry of the world’s lakes.
However, new data obtained from
satellites show that the world’s surface
water bodies are far from static. By
analysing more than 3 million satellite
images collected between 1984 and
2015 by the USGS/NASA Landsat
satellite programme, new global

maps of surface water occurrence and
change with a 30-metre resolution
have been produced. These provide a
globally consistent view of one of our
planet’s most vital resources, and they
make it possible to measure where the
world’s surface water bodies really can
be found at any given time.

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
vanished from the Earth’s surface. That
is equivalent to Europe losing half of its
lakes. The losses are linked to drought

Dynamic lakes. The size of Poyang Lake (left), one of China’s largest lakes, fluctuates
dramatically between wet and dry seasons each year while overall decreasing. Lake Gairdner
in Australia (right), which is over 150 km long, is an ephemeral lake resulting from episodic
inundations. Both maps show the occurrence of water over the past 32 years: the lighter the
tone the lower the occurrence. (Images: Joint Research Centre/Google 2016)

Lake Victoria. Lakes in tropical areas are linked with high-impact weather by contributing to
the formation of convective cells. (Photo: MHGALLERY/iStock/Thinkstock)
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Mapping the surface at 1km: urban cover, its expansion and uncertainties

Classifying automatically urban areas (fraction and height) is an extremely complex task. Urban areas expand each year
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Figure 1. The eight global urban maps and two urban-related maps for Beijing-Tianjin, China (top row), Mumbai, India (second row), Paris, France
(third row), Moscow, Russia (fourth row), and Cairo, Egypt (bottom row). LITES, LSCAN and IMPSA are at native 30 arc-second resolution, HYDE3 is
at native 5 arc-minutes, and the remaining maps have been aggregated from 30 arc-seconds to 1.5 arc-minutes for display. This aggregation effectively
converts their legends from binary (urban/rural) to continuous (percentage urban). ® _?ﬁ/:?grgno et al. 2014 ECMWF

® Urban area dataset comparison on selected cities (Potere et al., 2009 IJRS)
reveal large uncertainties and discrepancies ® CHE H2020 Project

c ECMWF http://www.che-proiect.etljZ



http://www.che-project.eu

Current km-scale: TC01279 (~9km) highest global operational NWP today

(12h forecast, hydrostatic, with deep convection parametrization, 450s time-step, 240 Broadwell nodes, ~0.75s per timestep)

< ECMWF
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Equivalent to 6.6 Megapixel camera



Towards km-scale: TCo7999 test-case (~1.3km) highest NWP test @ECMWF

(12 h forecast, hydrostatic, no deep convection parametrization, 120s time-step, 960 Broadwell nodes, ~6s per timestep in SP)

<> ECMWF : .
Thanks to Nils Wedi and NM-Team ECIUlvalent to 256 Megaplxel camera




Embracing multi-scale to evaluate uncertainties, from local to global

Global, ~ 9km resolution, ECMWF

e . Ol Europe, ~ 5 km, Empa, TNO, MPG Global, Regional City emissior

Empa: COSMO-GHG
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Runoff at Montford m3/s

Quarterly Journal of the Royal Meteorological Society Q. J. R. Meteorol. Soc. 142: 79-90, January 2016 A DOI:10.1002/qj.2631

Land surface uncertainty —
LAND SURFACE — ATMOSPHERE FEEDBACKS

Royal Meteorological Society

Improved seasonal prediction of the hot summer of 2003 over Europe
through better representation of uncertainty in the land surface

David A. MacLeod,™ Hannah L. Cloke,” Florian Pappenberger? and Antje Weisheimer®*
* Atmospheric, Oceanic and Planetary Physcis, Departrent of Physics, University of Oxford, UK
Y Department of Geagraphy and Environmental Science, University of Reading, UK
Department of Meteorology, University of Reading, UK
4 European Centre for Mediurn-Range Weather Forecasts, Reading, UK
Department of Physics, National Centre for Atmospheric Science (NCAS), University of Oxford, UK

*Correspondence to: D. A. MacLeod, Department of Physics, Clarendon Lab, Parks Road, Oxford, OX1 3PU, UK. E-mail:

macleod@atm.ox.ac.uk

Methods to represent uncertainties in weather and climate models explicitly have been

developed and refined over the past decade and have reduced biases and improved forecast

skill when implemented in the atmospheric component of models. These methods have not
500 — ' . N _ yet been applied to the land-surface component of models. Since the land surface is strongly
coupled to the atmospheric state at certain times and in certain places (such as the European
summer of 2003), improvements in the representation of land-surface uncertainty may
potentially lead to improvements in atmospheric forecasts for such events.

Here we analyze seasonal retrospective forecasts for 1981-2012 performed with the
European Centre for Medium-Range Weather Forecasts (ECMWE) coupled ensemble
forecast model. We consider two methods of incorporating uncertainty into the land-
surface model (H-TESSEL): stochastic perturbation of tendencies and static perturbation

P T R,

Hydrol. Earth Syst. Sci., 20, 2737-2743, 2016 Hydrology and
www.hydrol-earth-syst-sci.net/20/2737/2016/

doi: 10.5194/hess-20-2737-2016 Earth System
© Author(s) 2016. CC Atribution 3.0 License. Sciences
E0

Evaluating uncertainty in estimates of soil moisture memory with a
reverse ensemble approach

Dave MacLeod', Hannah Cloke?*, Florian Pappenberger®®, and Antje Weisheimer*®
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-w EC MWI Abstract. Soil moisture memory is a key component of sea- prediction. The soil moisture reservoir has a memory con-

sonal predictabilitv. However. uncertainty in current mem- siderably longer than most atmospheric processes. and as a



GloFAS-Seasonal: Forecast Products

www.globalfloods.eu

-S> C O ‘(DgIobalﬂoods.jrc.ec.europa.eu ﬁl B8 :

Privacy statement | Legal notice | Cookies | Contact | Search on Europa -

COPERNICUS 6925.@.!8‘:{&

Emergency Management Service

European Commission > JRC Science Hub > IES > GloFAS-IS

GLAOFAS @rorecast Viewer  User Information -  Case studies ~  Links  Contact Us Welcome, rebecca_emerton v =@

Seasonal Outlooks

+ Early indication of unusually high or low river flow up to &
months in advance

+ Comparison with typical and extreme conditions from

climatology
+ Visualisation of ensemble hydrographs at specific locl

Read more

It couples state-of-the art weather forecasts with an hydrological model. find out more!

Emerton et al (in prep) & here at HEPEX!
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Climate
Change

1)
WHAT WILL THE INFORMATION BE USED FOR?

The wealth of climate information will be the basis for generating a wide variety of climate indicators aimed

at supporting adaptation and mitigation policies in Europe in a number of sectors. These include, but are
not limited to, the following: 2)

WATER AGRICULTURE & TOURISM INSURANCE TRANSPORT
MANAGEMENT FORESTRY
ENERGY HEALTH INFRASTRUCTURE DISASTER RISK COASTAL AREAS
REDUCTION
(Lopernicus

Sectoral Information System

to provide practical examples of how
C3S in general and CDS in particular
could deliver information of relevance to
specific sectors.

To provide examples of good practice.
This means that the SISs should be built
to the highest possible standards so that
services developers could be inspired
by them and look at them as quality
benchmarks.

To provide information on users needs,
and whenever possible address those. In
particular SIS contract should develop
and make available sector-relevant
indicators and tools that were either
unavailable or inaccessible before.

m European
Commission

CECMWF



EartH20Observe H2020 multi-model GHP/LSMs ensemble and its added value

Multi-model mean/median
outperforms single models for most
of the variables

Spatial distribution score of latent
heat
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Conclusions

« Land surface schemes are getting very advanced — high resolution e.g. 1km
will happen (test runs are here, operational next)

« We are working towards a coupled and closed water cycle

« Uncertainty representation is a challenge in an operational environment
(amount of data produced only allows for a limited number of ensembles) —
but we can demonstrate that we can do it

« Earth System modelling approach is a viable way of improving weather
forecasts (and delivers environmental forecasts at the same time)

o
A~ 4 ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS 20



SUMMER OF
Weather Code

TEAM UP WITH METEOROLOGY EXPERTS
TO DEVELOP INNOVATIVE WEATHER-RELATED SOFTWARE

\ c!; EP
| N D 5 SELECTED PROJECTS ‘I' H
- S EACH RECEIVES A £5,000 GRANT J

2018 2018

Wildfire App; Webcrawler for Hydrological data, data extraction tool, innovative
visualisation, Machine Learning (optimize data requests from MARS archive)
and many more

CCECMWE  curopean centre For uepumrance wearrer rorecasts Ditpi//esowe.ecmwi.int/




