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Objectives
Mission:

Perforn W search on and developing methods for environmental forecasting,

with : J’ ‘'ocus on the atmosphere-ocean-biosphere system. This includes
mana /6 rring technology to support the main societal challenges
through n (y, Q yplications in HPC and Big data solutions.

Objectives: l’ [ O

Develop an online ¢ /Q QJ‘) - model from global to urban scales to
understand and predict tric 9@/ h,. sition of the atmosphere.

Implement the most reliable ar.J’ (7 1ate prediction system to cover
time scales ranging from a month tc h,s

Investigate the impact of weather/climate “7 ,
economic sectors through the development of J4£)

W
Make optimal use of cutting-edge HPC and big daic: fg 0/7 increment
the efficiency, portability and user-friendliness of Earth ,)d/ /7&/ uding

/' ﬁmposition on socio-

the pre- and post-processing of environmental data.
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Ocean-related research lines (-

Centro Nacional de Supercomputacién

Model computational efficiency

Sea ice and ocean variability, prediction and impacts

Climate model initialization and data assimilation

Tropical cyclones

Ocean biogeochemistry and climate feedbacks

Inter-basin teleconnections

Bias development and initial shock mechanisms
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Increase In ocean resolution Marzocchiet al (2015)
Standard Resolution ORCAl (10) ngh Resolutlon ORCAOZS (O 250)

Surfaces ocean velocities in 2007

The improvements in ocean resolution translate in a better
representation of eddies and ocean currents, which are key to
describe more realistically decadal variability in the ocean

PRIMAVER 5



Climate model resolution

In the very high resolution configuration of EC-Earth runs at ~10 km the
physica! interaction between ocean and atmosphere is far more realistic. At
these C ns 220 kCPU hour per simulated year are needed (typical
simu! (//, 50 years times several members). Optimization is
Indisy /’s,)/‘asethe performanceof these models.
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ORCA12-LIM3 scalability: NEMO 300s, LIM3 600s time step.

ORCAL12 scalability on MareMNostrum 11l and Marenostrum 1V
3,5
s [l arel ostrum s [Vl arefostrum il - Optim izations MareMostrum MareMostrum - Optimizations
3
2,5
2
il
2
T 15
1
0.5
R e e R E PR PR E LR R R L R R
oo m nBorroeng gy aN TS U d S RANNNTIINEENREAR
Processors




. . W P
NEMO performance analysis @ A

« Communications are the main performance problem. Even in the
16-core case parallel efficiency is really bad.
« The panel on the right shows how sensitive the model is to

network latency.
« Communication efficiency drops much faster than computational

efficiency.
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NEMO optimizations
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MPIl message packing

Taking into account that NEMO is really sensitive to
latency, message aggregation is the best way to
reduce the time invested in communications.
Therefore, consecutive messages have been
packed wherever the computational dependencies
allow to do so.
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Convergence check reduction

Some routines use collective communications to perform a
convergence check in iterative solvers. The cost of
theseverifications is really high, reaching 66% of the time.
Wherever the model allowed it, we reduced the frequency of
these verifications in order to increase parallel efficiency.

B computation

Reordering

In order to apply the message packing optimization to as
many routines as it was possible, it was necessary to
rearrange some computation and communication regions,
taking into account the dependencies between them, to
reduce the number of messages. This way it was possible
to compute (and communicate) up to 41 variables at the
same time, resulting in a dramatic reduction of the
granularity.
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ELPIN allows to find the appropriate namelist parameters (jpni,
jpnj, jpnij) to exclude land-only processes in NEMO simulations
and save a substantial amount of resources.

Sub-domains: 6 .
% of sea-domains
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Tint6 et al. (2018) 10
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Impact of optimizations in SYPD for ORCAQ025-LIMS3.
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Mixed precision: A method has been developed to adjust the numerical
precision to minimize the resources used maintaining the accuracy of the model
by identifying which variables require higher precision and which ones can

effectively use less precision.

Impact estimation for NEMO using a 1 km grid.
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TYPEiC ?? 2019 2020 2021 2022
|

A A A
| | 1 ‘
|
: | | |
COPERNICUS CMEMS IS-ENES3 M8.4: Definition of IMMERSE MS34: Final setup || ESIWACE2D1.3:
Final report: ORCA036 the optimization strategy of online diagnostics Scalability for pre-
profiling IMMERSE MS25: First setup of ESIWACE2 D1.1: Production exascale systems
online diagnostics mode configurations
ESIWACE2 D1.2: Model inter- I I I
comparison IS-ENES3 D8.5: Update I
NEMO code

IMMERSE D4.1: Activities

during 2019 IS-ENES3 D4.3: CPMIP IMMERSE D4.4: Node
metrics & performance performance
IMMERSE D4.3: AGRIF IMMERSE D4.5: Report
performance online diagnostics

NEMO 4.2 beta

* Bold indicates BSC is the lead 13



EC-Earth as main prediction tool @&—""

b
IFS (Atmospheric Model): ﬂa’;_' IFS-HTESSEL

PISCES (Biogeochemistry Model) EC-EARTH

%)
c T255 (0.75°) ~80km

@ L91 (top 0.01hPa) ~mesosphere )

- :

S IFS-HTESSEL (Land Model) (L 9 E ARTl'b
£ NEMO (Ocean Model): ~

8 Nominal 1° Resolution ,
o L75 levels (thousands km deep)

©

O

=

LIM (Sea-ice Model): Global Coupled model

Multiple (5) ice category

prOduced 141 Y R Horizontal Grid \
In'house I n Itl al CO n d I tl O n S (Latitude-Longitude) |-

Vertical Grid L
(Height or Pressure) | =

Atmosphere

Sea Ice
reanalysis
(ESA)

reanalysis
(ERA-Interim)

radiation radiation




Generation of initial conditions @=—"'"

Historical reconstruction using NEMO-LIM standalone

- Forced with DFS atmospheric fluxes until 2015 and ERA-Interim afterwards
© = -40W/m2/K
@, =-150 kg/m2/s/psu

- We are currently testing how different relaxation coefficients for SST and
SSS affect the realism of the sea ice evolution

* Arctic Sea Ice Area
FYEP APPUCATE.eu” 1

- Nudged globally towards 3D T and S from ORAS4

Eurapean Clirmate Prediction system NE

X 10 A 7

produced S N Q
in-house E %7 0’/6/ [1,6 \'\/»-\,\/ |
°1 Esa S, .7y 1
Sea Ice | h,” ]

reanalysis 1961 1969 1977 {9'§506193’37@ ;0'01 2009
(ESA)

Time (yea@@ S’b
| | L Vo, 0
nsidc/nsidc0051/ESA: different sateﬁ?&’d)rofbcts
alov: reconstruction with © = _600W/m2/2s

. reconstruction with © = -2400W/m?/K

15



Barcelona

9 EXCELENCIA
SEVERO
[ ] [ ] 5 OCHOA
r Supercomputing ]

Centro Nacional de Supercomputacién

Predictive skill of global mean surface-air temperature (Ec-Earth2.3)

04 4 OBS
Init forecast 1-3 yrs
Nolnit forecast 1-3 yrs

0.2

-+ 0.0

=0.2
[1962-2014]

1960 1970 1980 1990 2000 2010

Year
Initialised forecasts with EC-Earth reproduce the global temperature, and
describe more accurately than the non-initialized ones the recent HIATUS
period, which suggests a key contribution of internal climate variability

Guemas et al (Nat. Geo., 2013) 16
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Decadal prediction (ll)

Predictive skill of modes of multi-annual climate variability (in CMIP5)
AMV PDO

-
.

NO-INIT

-1
—0.21 INIT 2-5yrs
-2
1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010
Time (yr) Time (yr)
0.9 0.9
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@) 061 _--cec-==-==-==-=-~--~ 031--=-._
- W
O
0.0 { ~--mmmm
< 03]
-0.3
0.0 -0.6
14 25 36 47 58 69 1-4 25 36 47 58 69
Forecast time (yr) Forecast time (yr)

Only in the Atlantic Ocean, the initialized forecasts show significant
predictive skill and beat persistence, for forecast times of up to 10 yrs

17

Doblas-Reyes et al (Nat. Comm., 2013)
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Decadal prediction (ll)

Predictive skill of modes of multi-annual climate variability (in CMIP5)

AMV PDO
2
0.2
0.1 1
O o0 I 0
NO-INIT
-0.1 »
—0.2 INIT 2-5yrs
-2
1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010
Time (yr) Time (yr)

Multi-model skill in SAT 2-5 yrs lead time

Int
40
30
20
10
-10
-20
-30
-40
—Inf

The grand challenge of current decadal prediction systems is to
Improve the predictive skill over the continents

18

Doblas-Reyes et al (Nat. Comm., 2013)



Real-time decadal prediction (i
2017 predictions for 2018-2022 SAT

2017 predictions for 2018-2022 surface temperature

Multi-model decadal forecast exchange

Average BCCR

The Met Office coordinates an informal exchange of near-real time
decadal predictions. Many institutions around the world are developing
decadal prediction capability and this informal exchange is intended to
facilitate research and collaboration on the topic.

The contributing prediction systemset are a mixture of dynamical and statistical
methods. The prediction from each institute is shown below, alongside an average of all
the models. When possible, observations for the period of the forecast are also shown.
Currently three variables are included: surface air temperature, sea-level pressure and
precipitation. These are shown as differences from the 1971-2000 baseline. More
diagnostics, including ocean variables are planned for the future. Please use the
drop-down menus below to explore the data collected to date.

This work is supported by the European Commission SPECS project.

o
- £

SPECS

- A = g

15 centers will contribute to Annual Decadal Climate Prediction Exchange E
4 applied for WMO-designation (BSC the only non meteorological center) £

BCCR o
C .. 8 ISMHI
Reading a HAHEAY
& . a MPI ‘
MOHC." :ajpsy. LASG : GFDL
o CERFACS o MRI @ x =

BSC NCAR o
fleoc NRL
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Perfect model experiments with EC-Earth 3.2 Martin et al (In Preparation)

ldealised Pinatubo (1991 eruption)
|dealised Tambora (1815 eruption)
CTRL (background aerosols)

Initialized from 10 differentinitial states
(common to the three ensembles)

Zonally averaged total AOD Predicted surface air temperature response (1st year)

0.6

Tambora CTRL Plnatubo CTRL
Tambora

6 times larger)

0.5

F 0.4

0.3

- 0.2

[ °* -4 =2 0 2 4 -2 -1 0 1 2
Temperature anomalies (° C) Temperature anomalies (° C)

Eruptions of different magnitude exert

similar climate impacts: a global cooling CMIP
and regional warming over the Arctic

The World Climate Research Programme’s

Coupled Model Intercomparison Project

P
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Impact of volcanoes on climate @&

Perfect model experiments with EC-Earth 3.2 Martin et al (In Preparation)

ldealised Pinatubo (1991 eruption)
|dealised Tambora (1815 eruption)
CTRL (background aerosols) 1 iy

—— Tambora

Predicted ENSO3.4 after the eruptions

0.5

Zonally averaged total AOD

0.6

(=}

Tambora
6 times larger)

ENSO 3.4 index

-0.5 A
- 0.4

0.3 -1

- 0.2

Year

Volcanic eruptions can however

| 0.1

I IR T B excite non-linear responses, as
seen above for El Nifio region

Eruptions of different magnitude exert

similar climate impacts: a global cooling CMIP
and regional warming over the Arctic

The World Climate Research Programme’s

Coupled Model Intercomparison Project

P

)



Impact of the model resolution

Seasonal Forecasts [1981-2010] =» 10 members

Standard resolution (SR)
I: Atmos: T255 (~ 80 km) ]
Ocean: ORCA1 (~ 100 km)

High resolution (HR)
I: Atmos: T511 (~ 40 km)
Ocean: ORCAQ025 (~ 25 km)

PRIMAVER .



Impact of the model resolution @%

Prodhomme et al (2016)

Seasonal Forecasts [1981-2010]
BIAS in SST [SR minus OBS]

Standard resolution (SR)
I: Atmos: T255 (~ 80 km) :l
Ocean: ORCA1 (~ 100 km)

High resolution (HR)
I: Atmos: T511 (~ 40 km)
Ocean: ORCAQ025 (~ 25 km) 6 42 _o4 0 12 13 42 6

lef in SST [HR minus SR]

Increasing the resolution can help

reducing some model biases FElHHUERA -




Impact of the model resolution @%

Seasonal Forecasts [1981-2010]

Standard resolution (SR) Skill in ENSO (May Initialized)
I: Atmos: T255 (~ 80 km) :l o |
Ocean: ORCA1 (~ 100 km) .
g o
S S
High resolution (HR) 5 \/\
[ Atmos: T511 (~ 40 km) S & e
Ocean: ORCA025 (~ 25 km) R e
? < ~ LR hindcast
S @
o
Mray JuTne Ju'ly Auéust

Increasing the resolution can also improve the
prediction skill of key modes of variability

PRIMAVER .
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Interbasin teleconnections

Rodriguez-Fonseca et al (2009)

Observed teleconnection of
Atlantic Nifno with winter NINO
reg Ati3 SST OBS JJAS 1979-2001

Observations show that the summer tropical m 5 : Y
Atlantic (TA) can influence the variability of utﬂ'Q ;E"\ | :
ENSO in the following winter (seasonal @ w W o
forecasts) reg At ssr_oa\s DJFM 1976 :om

e 0&"—?%, m

1

= - (’U\ g, f

KE o = X

1S
=
=8

A
n
‘.;//AI\

Ev":"' :

w(
g
[ 5

o
753 e

25



9 EXCELENCIA
SEVERO
Barcelona Ll

Interbasin teleconnections

Rodriguez-Fonseca et al (2009)

Observed teleconnection of
Atlantic Nifno with winter NINO
reg A3 SST OBS JIAS 1979-2001

:
We show in two sets of seasonal forecasts m i &, *_,, _
with EC-Earth that this linkage is M ﬁ o \
strengthened when current biases in the " " % = '
Tropical Atlantic are corrected 3 e DJF%E(Q-?:"O'
17—
Regressmn JJA ATL3 vs SON SST " (}; {U\ R4 O

l
U

Wmd forcet{\ 74 m TA~ it
b, /\\\~ i ‘

b

.l"
.

N AN
L) L] L] L]
240W 210W 180W 150W 120W 90W 60W 30W 0 240W 210W 180W 150W 120W 90W 60W 30W 0

-1.4 -0.84 -0.28 0.28 0.84 1.4 -1.4 -0.84 -0.28 0.28 0.84 1.4

Exarchou et al (in preparation)
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Interbasin teleconnections

Skill in ATL3 (1980-2004) Skill in NINO (1980-2004)

o | R

e | —— wind forced o —— wind forced-Nino3
g © —— control g © —— control-Nino3
- e g | - --- wind forced-Nino3.4
g o g8 °|8%: -- - control-Nino3.4
‘§- < é v
3 57 B s T
8 . S g

e ) s |

o | 2

= | I | | I I © 1 1 1 T T 1

JJA JAS ASO SON OND NDJ JJA JAS ASO SON OND NDJ

Im proved representation of TA variability can also lead to better ENSO skill

Regressmn JJA ATL3 vs SON SST
Wmd force 2in TA 1 5
L

. .
. \ o
'-k \\\ ‘\ N
3 NN
Rt

— "'-"

// \;\'\'. L : 5
o W
- DS Y N
NN N

L] L] LJ

T T T
240W 210W 180W 150W 120W 90W 60W 30W 0 240W 210W 180W 150W 120W 90W 60W 30W 0

-1.4 -0.84 -0.28 0.28 0.84 1.4 -1.4 -0.84 -0.28 0.28 0.84 1.4

Exarchou et al (in preparation) “



Understanding teleconnections @%>~""

Boeretal (2016)

DCPP Component C: Predictability, mechanisms and case studies

Attribution of observed decadal climate variability to Atlantic-Pacific SST variations

Idealized Atlantic Multidecadal Variability (AMV) experiments

North Atlantic SST time series (Ting etal. 2009) AMYV pattern

] I ] 1 ] 1 1 1 ] 1 1 1 ] ] I 1 1 ] I | 1 ] L , . 1 .
G %40 7 Externally forced variability — e 035
‘é’ : —— AMV : i 0.25
'(—E 0.20 — __ 0.15
E B 0.05
8 — -0.05
@ 0.00
o L | -0.15
% R -0.25
5 -0.20 — 035
o C
qE_) i B °Clo
— -0.40 - - L AMV

I I I 1 Ll I I 1 Ll I I I Ll I 1 I Ll I 1 I

1900 1920 1940 1960 1980 2000
years

DCPP CMIP

The World Climate Research Programme’s
Coupled Model Intercomparison Project



Understanding teleconnections @%

Restoring of SST through non-solar surface surface fluxes

oSST N V7
or pCph

(SSTmodel — SSTAMV)

Restoring coefficient of ©; = -40W/m?2/K over North Atlantic (Eq-70°N)

Free ocean-ice-land-atmosphere interactions outside of North Atlantic

AMYV pattern
SSTyyy = Climatology + AMV pattern -

By running this protocol in coupled mode
we will be able to explore the atmospheric

linkages responsible for the AMV impacts
In the other basins.

0.35
0.25
0.15
0.05
-0.05
-0.15
-0.25
-0.35

°Cloamy

The World Climate Research Programme S
Coupled Model Intercomparison Project
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Global carbon cycle: EC-Earth3-CC @z

EC-Earth3-CC
Earth System Model

Global Climate Model Global Carbon’'Cycle Model
IFS (Atmospheric Model):
T255 (0.75°) ~80km PISCESv2 (Ocean Biogeochemical Model):
L91 (top 0.01hPa) ~mesosphere Lower trophic levels of marine ecosystems

IFS-HTESSEL (Land Model)
LPJ-GUESS (Dyn. Glob. Vegetation Model):

NEMO (Ocean Model): Process-based, plant functional types
Nominal 1° Resolution

L75 levels (thousands km deep) | | TM5-CO2 (Atm. Chem. Transport Model):
LIM (Sea-ice Model): 34 layers, single-tracer version (CO2)

Multiple (5) ice category

Model Components

30
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Atlantic upwelling predictability @z

Investigating mechanisms of predictability of

HORIZON 2020 ocean biogeochemical properties
74\ EXCELLENT-SCIENCE ﬁ
@‘ | COMPETITIVE INDUSTRIES
2 ) BETTER SOCIETY
PredOASI
PredOASI
iPre OASI
. . . . PredOAS
Validation using satellite obs o e
Off-line 7 Predoasl
E_C-Elar_th Coupled spin-up RecOASI ! Al Sas
circulation EC-Earth i ; e -
N " 1979 1982 - - 2006 2009
'_PISCES _ PISCES _ historical .
' 1860 1960 2010
_ \ PredOASINut
Spring EC-Earth Burface Chlorophyll mg/ms i PredOASINut
90N | PredOASINut
121 i i i
111 PredOASINut
60°N Lo 5 5 i PredOASINut
L oot RecOASINut | | | | | o
— I 1979 1982 - ~ 2006 2009
0.71
0° 0.61
0.51
30°S 0.41 .
Retrospective decadal
predictions using different
0'11 . L - Ll .
Initializations
gooiéo’ 150°W 120°W  90°W 60°W 30°W 0? 30°E 60°E 90°E 120°E  150°E 180°

31



Southern Ocean Carbon uptake @%

DeCUSO

: Investigating mechanisms of variability of
iﬁ%‘" e Southern Ocean Carbon uptake and the role of
the Biological Carbon Pump

Validation using satellite obs-based
reconstructions of air-sea CO2 flux

mol Cm2yr’

Transport Matrix Method (TMM)
with NEMO for fast equilibration of
bgc tracers

Retrospective decadal predictions
of ocean carbon uptake

Impact of the BCP uncertainty on
total carbon uptake estimates

32
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Future carbon-climate interactions @

_CCiCC Towards a near-term prediction of the climate
HORIZON 2020 and ca_rbon cycle mtera_ctlc_)ns in resporjse to
Paris Agreement emission trajectories

[ Global carbon stocktake every 5 years |

COMPE VE NDUS RIES
BETTER SOCIETY

Variability in atm COZ2 growth rate is Testing different ocean

mostly due to natural variability biogeochemical reconstructions as

initial conditions
annual mean growth rate of CO, at Mauna Loa

L LN B LU rrrrrorroT [rrrrrrrrT [rTrrrrroroT | ||||||||| JrrrrrTroTT

o0 ’ == @ ‘ Retrospective decadal predictions
o5 k of ocean and land carbon uptake
8 20f UL
3 1.52— — - Idealized perfect-model experiments
= A 3 E to investigate mechanisms of C
JEMIAI 1 uptake predictability in the ocean.
0.5 18
0.0 :-I ......... LARRRAAAN MERERRENY AAAAARAARN PARRARAAN PAAAAAAAN :%

1960 1970 1980 1990 2000 2010 2020 33
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Organic C ocean sequestration @=""

ORCAS Atmospheric CO2 is taken up by phytoplankton
Juniorleader and exported to the the deep ocean in the form
e of sinking particles, where carbon can be

BEQUESCAIXA _
sequestered for centuries.

Validate PISCES against novel
high-resolution data from drifting
underwater robots (bio-argo floats)

Sunlit layer

(R NG R ——

2
[
2 0.
==
= ©
50
= =
n.g.
2

4 - . Coee .pe';rticles(cells)

for particle supply and degradation
v . in the oceans' twilight zone (200 to
/ L, 1000 m depth)

-
Particles exported *
by vertical mixing

\\ . . ' = . " Large fast- smklng c
e * aggregates and pellets

o ‘s Test improved model formulations

Mixed layer depth

1 |e
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Making a difference in environmental services

 BSCis a key developer of the Copernicus services.

+ |Referencia Extenr - |Titulo proyecto Presupuesto v '
E7-GLOBAL-CMEMS-
MEMO Lot 5: HFC
1|ORCA3E HPC ORCASE 49 B35,05
2|C35 34a Lot2 MAGIC 170.000,00
3|C35 441 Lot2 Climate for Energy 182 (o0 oDy
Cuality Assessment Strategies for Multi-model Seasonal :
4|C35 51 Lot3 Forecast 731.214.40
5|C35 52 Lot2 SECTEUR 128.956,68!
g|CAMSE 50 Regional production 81.465,72
71CAME Bl Global and Regional Emissions &0.187,50
CAMS B4 - Global and regional a posteriori validation,
B|CAMS B4 including focus on the Arctic and Mediterranean areas 176 by ey
Global and regional a posteriori evaluation and quality ‘
g|CAMS B4 Phase 2  |assurance (EQC) 165.090,81
10| CAMS 85 CAMS 95 Use cases (second batch) FRLLIELY
11|C35 512 C35 512: Quality Assurance for the Climate Data Store 1.504.275,81

Q)pemicus

G

 The ESA CCl is another important, and underexploited, opportunity.

CE

Barcelana

l.‘rnn i‘ur

Supercomputing

vial e Sopeicamsulacite

urope’s eyes on Earth

Climate Change
Service



From research to services

Researchfield

Climate | Mineral Dust | Air Quality |
Service user sectors

——— . . . .
{r {3} Renewable ( {3 Solar / | Airg}l{ility and
™/ energy "/ energy | mobility
— ~— .~ planning
|:_ @ | Agriculture [; X ~.,] Aviation Vv ) Health
N/ \, ) / -.‘\
| @ | Insurance K. V' Health *h\"'. Heavy
NS _ / '-.._\ o /) industry
l-'" I\ H\‘xl Water ]

/. management The Earth System Services group facilitates

technology transfer of state-of-the-art research
from local, national to international levels

! Forestfires




