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From predicting weather to simulating climate

A European Earth System model open to the
European climate science community
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Back Incoming

B Modeling of Climate and
Weather

3-D representation of Earth’s soil, vegetation, atmosphere,
ocean.

In Global Climate Models the entire globe is discretised
into a regular grid and the equations governing the
evolution of the variables describing the climate system
are solved forwards in time. This allows a projection of the
future evolution of the climate (e.g. atmosphere, ocean
etc) to be made.

3-D model based on fundamental laws of physics:
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- Conservation of momentum
e . _ S - Conservation of mass
e SR - ldeal Gas Law (equation of state)
i R AR - Conservation of energy
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Typical resolutions for climate
Recently: 1-2 degrees
now: Better than 1 degree
Soon: towards 20 km

Gary Strand
NCAR



ECMWF weather forecasting

Thursday 11 June 2015 12UTC @ECMWF Forecast t+096 VT: Monday 15 June 2015 12UTC
Surface: Mean sea level pressure / 850-hPa wind speed
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Sunday 14 June 2015 12UTC ©ECMWF Forecast t+024 VT: Monday 15 June 2015 12UTC
Surface: Mean sea level pressure / 850-hPa wind speed

- World leading

- Integrated Forecasting
System (IFS)

- to model the
dynamics and
physical processes,
such as the
formation of clouds

- other processes that
Influence the
weather such as
land processes.



ECMWEF weather forecasting

forecast skill
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Time series of the annual running mean of anomaly correlations of HRES 500 hPa height
forecasts evaluated against the operational analyses for the period January 1981 till present.



From weather to climate

Weather Climate

Decadal
predictions

Initial value
problem
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day week month season year decade century
Weather Seasonal to Long term climate
predictions interannual change projections
predictions

Box 11.1, Figure 2: A schematic illustrating the progression from an initial-value based prediction at short timescales
to the forced boundary-value problem of climate projection at long timescales. Decadal prediction occupies the middle
round between the two (based on Meehl et al. (2009b)).



n7Tw A European Consortium for
B e org Earth System Modeling

- 29 partner institutes
- In Sweden: SMHI, Bolin Centre, Lund university, Gothenburg

P
J, ARTH Consortium members

o .l_ university, Uppsala university
? =|= RS - - 8 core partners
I . ---- — KNMI, SMHI, AEMET, DMI, Met Eireann, FMI, IPMA, CNR-DTA
o e _-u-} SRS - Steering group
T ] y - Work groups
i l -I _ - Technical
£ e ol ~ Tuning
*qf L_A_ i & - Atmospheric Composition and Land
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CMIP6
Climate prediction (to be started)

The Main objective is “to develop and apply an Earth System Model based on ECMWFs ...
forecasting system for providing trustworthy climate information to climate services and to
advance scientific knowledge on the Earth system, its variability, predictability and
long-term changes resulting from external forcing”. (Science and development plan, 2014)



@EARTH Consortium members

Globhal Climate Model

Atmosphere and Surface
IFS and H-Tessel




@EARTH Consortium members
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Earth System Model
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Atmosphere chemistry Seaice
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Atmosphere and Surface Coupling
IFS and H-Tessel OASIS-MCT

Dynamic vegetation / \
LPJ-GUESS

ESMs add
- A more complete system including more feedbacks

- Interactive carbon cycle
- More variables of direct relevance for users
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From GCM to ESM

Growth of Climate Modeling

80s

o0s 00 10s

Upper Atmosphere

Atmospheric Chemistry

Sulfate Aerosol

Ice Sheet

Marine Ecosystems

+ Nitrogen cycle

+ small glaciers

+ permafrost

+ methane

+ economical impact and feedbacks



@EARTH Consortium members
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')EARTH ESM

Earth System Model
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Atmosphere chemistry Seaice
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Atmosphere and Surface Coupling
IFS and H-Tessel OASIS-MCT

Dynamic vegetation / \
LPJ-GUESS

ESMs add
- A more complete system including more feebacks

- Interactive carbon cycle
- More impact variables of direct relevance for users




JEARTH  The coupler

Coupling

OASIS-MCT




@EARTH Consortium members
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The coupler

10 server
(XI0S)

Atmosphere
(IFS/Openl FS)

BGC
PISCES

Sea-ice
(LIM3)

Coupling

OASIS-MCT

Vegetation
(LPJ-GUESS)

River routing
(CaMaFlood)
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About EC-Earth Research Development Community Projects

Search... Q

Click here to download the
EC-Earth leaflet

Go to the EC-Earth 3
DevelopmentPortal
(account required)

Next EC-Earth meeting

in Reading

The next EC-Earth meeting in
Reading will take place 5-6 May
2015 May 2015. Please note the
date.

External homepage
ec-earth.org

You are here: Home e = o O

You need to login in order to EC_ EARTH

access restricted areas on this site

and to author articles. EC-Earth Science and Implementa
User Name plan available

Development portal

for distributed model
development

EC-Earth 38

Overview Activity Roadmap Issues Newissue News Wiki Forums Files

Overview
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Welcome, to the Development Portal for EC-Earth 3, which is the central place for
development activities around this European earth system model. You are invited to learn
about EC-Earth 3, share your knowledge and, most importantly, to contribute to the evolution
of the model.

Here are some hints to make it easier to find your way around the Development Portal:

= If you're new to EC-Earth 3 or generally looking for documentation, start at the & Wiki

» For any problems, check out the (7' Issues section for related open issues

» Scan the 0 Forums for any discussions that could be interesting to you

* Browse the source code of the model by accessing the version control system in the
[ Repository

Please note that this Development Portal represents a community effort - do contribute to
EC-Earth 3:

Repository

&% Members

| Issue tracking

+ Information request: 25 open / 39
* Bug report: 14 open / 41

* Change request: 10 open / 31

» Merge request: 6 open/ 16

* New feature request: 19 open / 35
» General input: 2 open/ 5

View all issues
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ec)EARTH Surface air temperature

DWT4 SET: boa_drmon_EC—EARTHI lmprovedStratvartRes S20071101_r42p1_ 20071120121 2

TIME : 16—JAN=-2008 12:08
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2m temperature anomalies (wrt 1961-1990) | 90S-90N
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From weather to climate

Weather Climate

Decadal
predictions

Initial value
problem

-_———__*

day week month season year decade century
Weather Seasonal to Long term climate
predictions interannual change projections
predictions

Box 11.1, Figure 2: A schematic illustrating the progression from an initial-value based prediction at short timescales
to the forced boundary-value problem of climate projection at long timescales. Decadal prediction occupies the middle
round between the two (based on Meehl et al. (2009b)).



Climate prediction

Schematic of Predictability Zxperiments
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Prognostic potential predictability for surface air temperature in perfect ensemble
experiments with EC-Earth 2.1 using present day climate conditions. Values between
0.4 and 0.9 display the scale from low to high predictability. Shown is the potential
predictability of the mean of the first 10 years after initialization. The figure is based
on Koenigk et al. 2012 (their Fig. 11). Note that all values have been detrended before
calculating the predictability. The potential predictability of local decadal mean surface
air temperature is significant over entire Europe with exception of the South and
South-west.

Koenigk, SMHI



Climate prediction

Schematic of Predictability Zxperiments
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- low/high resolution
— Different initialization methods



(L.@EARTH Example for improvement of skKill:
Phase anomaly initialization

Phasing (“process” projections):

EOF decomposition of observations

and model.
Observation fields are recomposed

with modified amplitude and phase,
\ derived from the model signal, and
then used for initialization.

Anomaly correlation
skill:
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Caian et al., in prep, SMHI
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Regional climate and impact

local
consequences

EC-Earth T511

Precipitation
over
Europe




JEARTH Resolution in the ocean

Sea Surface Temperature in the Indian Ocean

Ocean transport of heat from
the tropics towards the poles
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Increased resolution gives better heat transports

Prodhomme et al., IC3/BSC
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Blocking,
Resolution and
Coupling

- Tibaldi-Molteni Index

- High resolution
Improves the simulation
(mostly for winter and uncoupled)

- Role of coupling and
model version is less

clear (for coupled runs, v3 is
better; with less influence of
resolution)

c = coupled

a = atmosphere-standalone
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Kerstin Hartung, MISU




1), RTH Cooling response over Arctic due to Sahara desertification

Annual mean surface air temperature in EC-Earth Sea-ice cover change in EC-Earth

Air temperature at 2m (K) Sea-ice coverage (%)
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Data Min = -8, Max = 2 Data Min = -0.22, Max = 0.59

Large area cooling over Arctic is observed in EC-Earth due to
Sahara desertification, which is consistent with indication from
paleo-proxy data. Largely extended sea-ice coverage is found
over Barents Sea and Fram Strait.

The weakened northward heat transport (both in atmosphere
and ocean)

Muschitiello et al., submitted to Quaternary Science Review

Bolin Centre for | .

Northward Heat Transport change over Atlantic
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Model: EC-Earth 3.1, T159-ORAC1-LIM3
Climate condition: Mid-Holocene, 6000 yrs BP

Climate forcing: Orbital forcing, slight change in

CH4 compared to pre-industrial ( PI)
Initial conditions: P1 (1850) spin-up

Sensitivity experiments:

- Albedo effect due to collapse in vegetation,

"Green Sahara" and "Desert Sahara" in
northern African domain

- Dust effect, less dust (20% less) emission in
green Sahara, more dust emission in desert

Sahara

- Simulations are run for 200~300 years, last
100 years are used for analysis.
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Coming challenge: CMIP6

Climate Model Intercomparison Project 6

CMIP6 underlying questions WGRP po

- HOW does the Earth SyStem World Climate Research P;;)gr:a;mme
respond to forcing?

- What are the origins and o
consequences of systematic Chensitey L ARSI fQu0ceen
model biases? e erin

Short term

_ Characterizing
How can we assess future .

. forcin
climate changes given y
climate variability, climate
predictability, and Paleo

2 Scenarios
- . . . climate .
uncertainties Iin scenarios? ™
2 3 Decadal
Land use - o Erediction
Carbon A el dimate/
cycle Geo- extremes

engineering



B ARTH Computing performance and
== resources

Performance

- using 4000 cores (Triolith)

- GCM std. res. (T25601)

- 2.6 simulated years per day, 25 - 125 Gb per simulated year
- GCM high res. (T5110025)

- 0.7 simulated years per day, 125 Gb per simulated year

- ESM std. res. (T25601), full atmospheric chemistry and ocean
bio-geo chemistry

« 0.2 simulated years per day

- using 16000 cores (MareNostrum, PRACE)

- GCM high res. (T5110025)
« 1.25 simulated years per day, 125 Gb per simulated year

Resources

Bi (9 mill. core-h/year)

SNIC (~13 mill core-h/year
(2015))

PRACE ( x core-h/year)

For CMIP6 simulations we currently estimate an overall amount of 340 mio core-hours
(estimates based on Triolith units) over a period of 5 years (2015-2019). 40 mio core-h for

2015

MareNostrum: With the last upgrade (2012-2013), MareNostrum has a peak performance of 1,1 Petaflops, with 48,896 Intel
Sandy Bridge processors in 3,056 nodes, and 84 Xeon Phi 5110P in 42 nodes, with more than 104.6 TB of main memory and 2
PB of GPFS disk storage. At June 2013, MareNostrum was positioned at the 29th place in the TOP500 list of fastest

supercomputers in the world. 94.21 Teraflops
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- EC-Earth
- Is an open community of balanced partners for Earth System Modeling in Europe
- Is interacting with the world-leading weather centre
— provides a viable framework for distributed development and integration

IS preparing for CMIP6
- Is a base for studies in various configurations

- Processes
- Climate change
- Climate prediction

- Heterogeneous science application areas fosters robust development

- Earth System Modelling requires resources for computing and data
management



End
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