
© ECMWF February 9, 2018

HEPEX
Earth System modelling @ECMWF –
Implications for HEPEX and hydrology

Florian.pappenberger@ecmwf.int, @FPappenberger

1

Florian Pappenberger

Gianpaolo Balsamo

Christel Prudhomme

Carlo Buontempo

Hannah L. Cloke

EFAS@ECMWF



How far can be  predict into the future??
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Dirmeyer et al. 2015: http://library.wmo.int/pmb_ged/wmo_1156_en.pdf

Why increased attention on Land and Hydrology by NWP Centres?

In order to realize the Land potential 

models need to represent nature in 

its:

• Memory

• Coupling

• Variability

http://library.wmo.int/pmb_ged/wmo_1156_en.pdf


Dirmeyer et al. 2015: http://library.wmo.int/pmb_ged/wmo_1156_en.pdf

Why increased attention on Land and Hydrology by NWP Centres?

In order to realize the Land potential 

models need to represent nature in 

its:

• Memory

• Coupling

• VariabilityECMWF Strategy

http://library.wmo.int/pmb_ged/wmo_1156_en.pdf


On the relative contribution of land and ocean on ECMWF day-5 forecast
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Forecast improvements at Day+5 (1 year)

Coupled-Ocean vs Uncoupled (only skin-interaction)

Forecast improvements at Day+5 (1 year)

Coupled-Land vs Uncoupled (only skin-interaction)

Balsamo et al. 2017 WGNE-Blue-book
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Earth surface modelling components @ECMWF
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Ocean 3D-Model

Surface Waves and

currents, Sea-ice.

*(ocean-uncoupled)
+(coupled in 2018)

Land surface 1D-model

soil, snow, vegetation,

lakes and coastal water

(thermodynamics).

Same resol. as Atm. 

Atm/L
and 
resol.

ECMWF
Config.
in 2017

80 km ERAI*

32 km ERA5*
SEAS5 

18 km ENS

9 km HRES+



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

• Why High-resolution land ? A case for Puerto Rico from daily-report
ERA5/Land benefits from the R&D done in EartH2Observe H2020 project and Copernicus, is based on the new ERA5 and it run at 9-times higher resolution 

than ERA-Interim and 3.5-times higher resolution than ERA5. ERA5/Land will match the highest resolution currently operational at ECMWF (HRES 9km)

Final Remarks 

ERA5-Land State-of-the-art land surface reanalysis

Motivation
• Climate reanalysis provide consistent fields over all dimensions and across variables for 

several decades, but they do not occur very often (once per decade)

• Land model developments occur rapidly, and there is a need to integrate them to long, 

consistent time series in a cost-effective way

• Support hydrological studies addressing global water resources

• Provide consistent land initial conditions to weather and climate models.

• Foster research into intra-seasonal forecasting 

• Provide dedicated datasets to support and encourage downstream land applications

J. Muñoz-Sabater (1), E. Dutra (1), G. Balsamo (1), E. Zsoter (1), S. Boussetta (1), C. Albergel (1) and many others
(1) ECMWF, Reading, UK (2) University of Lisbon (3) CNRM, Meteo-France

• ERA5-Land is part of ERA5 dedicated-focus reanalysis (ocean, land, chemistry, 

etc.) and not a separate initiative, therefore will cover the entire duration of ERA5.

• ERA5-Land is a Copernicus operational product following closely near-term 

climate (with a short delay) and not only a research product

• ERA5-Land adopts a new concept being the HRES adaptation

• via a cost-effective resolution enhancement, 

• with the main benefit coming from surface description at a finer grid and a 

thermodynamic orographic adjustment.

• ERA5-Land does not benefit from the assimilation of surface observations, yet.

• Production will start in Q1-2018 and it will be released in 2018

Climatology 
(static+dynamic fields) & 

Initial States 

Next cycle States

Downscaling, 
Lapse-rate & 

forcing adjustment
Land Surface integration

ERA5L daily meteorology

Downstream    
Applications

Uncoupled run

ERA5
Precipitation

Radiation

Temperature
Humidity

[…]

ERA-Int Era-Int/Land ERA5 ERA5-Land

Period covered Jan 1979 – NRT(*) Jan 1979 – Dec 2010 Jan 1979 - NRT Jan 1979 - NRT

Spatial resolution ~79km / 60 levels 79 km ~32 km / 137 levels ~9 km

Model version IFS (+TESSEL) HTESSEL cy36r4 IFS (+HTESSEL) HTESSEL cy43r1

LDAS cy31r1 NO cy41r2 NO

Uncertainty estimate - -
Based on a 10-

member 4D-Var 
ensemble at 62 km

Based a 10-member 
atmospheric forcing 

at 31 km

Output frequency
6-hourly Analysis 

fields
6-hourly Analysis 

fields
Hourly (three-hourly 

for the ensemble)
Hourly (three-hourly 

for the ensemble)

Results from scout runs

ERA5-Land fact sheet
• H-TESSEL soil hydrology (Balsamo et al., 2009, https://doi.org/10.1175/2008JHM1068.1)

• Snow hydrology (Dutra el al., 2010,                     https://doi.org/10.1175/2010JHM1249.1)

• Vegetation seasonality (Boussetta et al., 2012,   http://dx.doi.org/10.1080/01431161.2012.716543)

• Bare soil evaporation (Balsamo et al., 2011, ECMWF Spring Newsletter number 127)

• Surface dynamical downscaling (allows capturing details associated to processes as 

topographic forcing)

• Daily lapse-rate correction

* 95% interval confidence* 95% interval confidence

* 107 stations with 

significant R & anR

* 150 stations with 

significant R & anR

• Observations 
reference are 
SYNOP network 

• Period: Sept 2014 
to Sept 2016

GLOBE 0.162

0.142

0.157

SHEM

NHEM

improvement degradation

abs[(OBS-FC24h)ERA5] – abs[(OBS-FC24h)ERA5LAND]

Blue = improvement
Red = Deterioration

Discharge time series correlation difference ERA5-Land (no lapse rate) 
vrs. ERA5, between Sept 2013 and Sept 2014

ECMWF operational analyses 

and ERA5 reanalysis

The charts show hourly data from 

25 to 30 June 2014 from 

ECMWF’s operational analyses 

and the ERA5 reanalysis of 2-

metre temperature compared to a 

location in the Sahara Desert 

(coordinates: 26.5°N, 8.42°E) (top) 

and ERA5 reanalysis of soil 

moisture from a in-situ station of 

the SCAN network in the US 

(coordinates: 36.0°N, 85.13°W)
Δsm

Methodology

Soil moisture reanalyses for the year 2015 compared to in-situ observations of the USCRN and SCAN networks of US

Altitude difference between in-situ 

SYNOP stations and ERA5 nearest 

grid point

ERA-Int ERA5 ERA5L

Mean
Err

-183.71 -116.07 -62.91

Mean 
Abs Err

235.20 209.11 191.37 

CORR 0.466 0.534 0.581 

• Impact on river discharge 

• Impact on soil moisture  

• Impact on 2 m temperatures  

Errors are obtained by comparing 

river discharge reanalysis with a  

network of over 1100 stations 

(based mainly on GRDC) 

Munoz-Sabater et al on ERA5-Land description and performance                        Dutra et al on high resolution downscaling and performance

Thanks to Joaquin Munoz-Sabater and ERA-Team



9-layers:

# 0-1 cm

# 1-3 cm

# 3-7 cm

# 7-15 cm

# 15-25 cm

# 25-50 cm

# 50-100 cm

# 100-200 cm

# 200-300 cm

4-layers:

# 0-7 cm

# 7-28 cm

# 28-100 cm

# 100-289 cm

7 cm

1 cm

2 cm

4cm

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.

Top soil layer

Dorigo et al. (2017 RSE)

Globally Improved match to satellite soil 

moisture (shown is Anomaly correlation

ΔACC calculate on 1-month running mean)

Thanks to Clément Albergel

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



Increased vertical discretization of the snowpack  (up to 5 layers) permits a better physical processes representation
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Snow cover duration (SCD) over Europe 2016/2017

Operational 

analysis

Increased vertical discretization reduces the error of the seasonal

snow cover duration by 5 to 15 days (evaluated in ERA5-Land mode)

Potential for reducing the 2m 

temperature diurnal-cycle bias

IncreasingReducing

Difference in Tskin minimum winter (DJF) 
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Thanks to Gabriele Arduini, Souhail Boussetta, Emanuel Dutra

Future enhanced snow model vertical resolution: impact in cold regions climate

10 cm

20 cm

X cm (variable)

20 cm

10 cm

X cm (variable)Snow single-layer



October 29, 2014 11

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

Mapping the surface at 1km: water bodies and changes over time

Thanks to Margarita Choulga, Souhail Boussetta, Irina Sandu, Nils Wedi

Flooding allows classify,
problems w. large rivers 

ESA GlobCOVER
has no water class

New classification algo
works well at 1km

A new 1-km global bathymetry and orography map (SRTM+/GEBCO/GLDB)

ESA GlobCOVER is combined with JRC/GLCS
to detect Lake cover changes
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 Urban area dataset comparison on selected cities (Potere et al., 2009 IJRS) 
reveal large uncertainties and discrepancies

Mapping the surface at 1km: urban cover, its expansion and uncertainties

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

 Balsamo et al. 2014 ECMWF 
TM729

 CHE H2020 Project
http://www.che-project.eu

Classifying automatically urban areas (fraction and height) is an extremely complex task. Urban areas expand each year 

http://www.che-project.eu
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Current km-scale: TCo1279 (~9km) highest global operational NWP today
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(12h forecast, hydrostatic, with deep convection parametrization, 450s time-step, 240 Broadwell nodes, ~0.75s per timestep)

TCo1279 orography

Equivalent to 6.6 Megapixel camera 
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Towards km-scale: TCo7999 test-case (~1.3km) highest NWP test @ECMWF
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(12 h forecast, hydrostatic, no deep convection parametrization, 120s time-step, 960 Broadwell nodes, ~6s per timestep in SP)

TCo7999 orography

Equivalent to 256 Megapixel camera Thanks to Nils Wedi and NM-Team



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

Global, ~ 9km resolution, ECMWF

Europe, ~ 5 km, Empa, TNO, MPG

Point source, ~ 100 m, SPASCIA

Regional, ~ 1 km, Empa, TNO, SRON

ECMWF: C-IFS

Empa: COSMO-GHG

MPG: WRF-GHG

TNO: LOTOS-EUROS

Empa: COSMO-GHG

TNO: LOTOS-EUROS

SRON: WRF-CHEM

SPASCIA: EULAG

Global, Regional City emission
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Land surface uncertainty –

LAND SURFACE – ATMOSPHERE FEEDBACKS
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GloFAS-Seasonal: Forecast Products

www.globalfloods.eu

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



Climate
Change

Sectoral Information System

1) to provide practical examples of how 

C3S in general and CDS in particular 

could deliver information of relevance to 

specific sectors.

2) 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.

3) 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.



EartH2Observe H2020 multi-model GHP/LSMs ensemble and its added value

Terrestrial Water Storage 

Anomaly

Soil Moisture Anomaly

Multi-model mean/median 

outperforms single models for most 

of the variables

Spatial distribution score of latent 

heat

Thanks to Alberto Martinez, Eleanor Blyth, and E2O-Team



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)
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Wildfire App; Webcrawler for Hydrological data, data extraction tool, innovative 
visualisation, Machine Learning (optimize data requests from MARS archive)
and many more
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http://esowc.ecmwf.int/


