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Hosts Marenostrum3, a 1.1 PF machine

Barcelona

Barcelona Supercomputing Center P

Centro Nacional de Supercomputacion

Createdin 2005 now 470employees
Research,develop, manage information
technology

Facilitate scientific progress and its]
applicationin society '

The BSC

Computer Sciences ,
Computer Applications for Science and
Engineering
Life Sciences
Operations
Earth Sciences

with 50,000 cores L :



BSC Earth Sciences Department

What

Environmental modelling and forecasting

How

Develop a capability to model air quality
processes from urban to global and the
impacts on weather, health and ecosystems

Implement climate prediction system for
subseasonal-to-decadal climate prediction

Develop user-oriented services that favour
both technology transfer and adaptation

Use cutting-edge HPC and Big Data
technologies for the efficiency and user-
friendliness of Earth system models
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Atmospheric Composition

1. Development of modeling systems for atmospheric composition from local to

global scales.
2. Advanced research on atmospheric composition processes using modeling

technigues and Earth observations.
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Barcelona

Air quality operational forecasts

Centro Nacional de Supercomputacion

AQF CALIOPE system: dailfpaily forecast for meteorology, emissions and air
forecast and evaluation quality: Europe (12km), Iberian Peninsula (4km),

Forecast products AndalusiaCatalonisand Madrid (1km), since2007
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Centro Nacional de Supercomputacion

Impact of our air quality forecasts C( S O
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Air pollution in Mexico DF oy

Centro Nacional de Supercomputacion

Meteorology Air Quality
&mrﬁv‘ejﬁng > O?-‘/S.o\uth O3North . N

cur

I'I'I
x

9]

D

®

o

'g - g')
sl >

‘M O

o)

n

_V
@ o —
Convection-South Convection-North & s I o0
g iy UI‘-X_"'-‘Z
® 7@ e
g (; /‘ cov I ¢
O L & -
/Tm\_,\. /S o El
1 h FAC L,’ . \ ® —”A =I
Local meteorology strongly influenced by the /o .0 S
z . : 2 £ 7
surrounding terrain that favours stagnant - ® e B —
o0 . . . F NEZ f 'u-z.s
conditions and air pollution episodes | '0 o" 9 K
A L
g . i‘ c:o x,. |3

Emissions . - S, ce N
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Need for a management tool to develop an

evaluate emission m|t|gat|on measures

Second largest metropolltan area
~ the world: more than 86,000 &
5 million vehiclekilometre travelled [
per year

; MeX|co City limits prlvate car use to
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Despite criticism, authorities take drastic measures to

tackle the city's first environmental emergency in 14
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Development of an air quality forecast System for
Mexico DF (AQFBlexDH, a modelling tool for air
guality management:
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Air pollution in Mexico DF @ = Q-

Centro Nacional de Supercomputacion

Current Status
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Unified modelling solution P
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Centro Nacional de Supercomputacion

NMMB/BSECTM: Unified multiscale atmosphechemistry
modelling system across spatial scales.

Joint venture with NCEP.
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Multiscale Model from Global to Local Scales

Chemistry-Aerosol coupling with Atmosphere
Interaction processes atmosphere-chemistry
Data Assimilation enhancement for aerosols
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Centro Nacional de Supercomputacion

New air quality management tools

Where we are now Where we want to be

Objective | To develop an air quality model based on a CFD coupled to an
atmospheric chemistry model at city scale, enhanced by the use of
Data technologies, to assess urban air quality.




Barcelona

Data streaming for emissions e O

Centro Nacional de Supercomputacion

High \ution air quality modelling requires appropriate emission
( nd processing of sengmnerated data to feed a real
/110 bdel (and to validate air quality predictions)

Pn,sso, /7}/ s with the adequate technology is a challer

Managi! fo/, /}70 's another one: sampling 10 Hz, ten

variables~3C 00’77 /'Qs ~300 GB/day (10,000 vehicles)
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https://envirocar.org
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server administration

industry

M. Guevara (BSC)



The WMO dust forecast centres @="

Centro Nacional de Supercomputacion

NMMB/BSECTM is used for, among many other things, producing
operational dust forecasts.
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The WMO dust forecast centres @"

Centro Nacional de Supercomputacion

SDS web site visits 1 Jan 2a0P5Mar 2015
SDSNAS NAMEE Regional CenteBarcelona Dust Forecast Cente
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Climate Prediction

1. Development of climate prediction systems focused on ssdasonal to

decadal time scales.
2. Exploitation of climate predictions to understand predictability mechanisms

and forecast system limitations.
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Climate prediction time scales @m P

Centro Nacional de Supercomputacion

Progression from initiatalue problems with weather forecasting at
one end and multdecadal to century projections as a forced
boundary condition problem at the other, with climate prediction
(sub-seasonal, seasonal and decgdalthe middle. Prediction involve
Initialization and systematic comparison witlsianultaneous
reference.

Subseasonal to seasonal

forecasts (2 week4.8 Decadal forecasts (18 Climatechange
Weather months) months-30 years) projections
forecasts

Initial-value driven

Boundarycondition driven

15

Adapted from Meehl et al. (2009)
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Climate change is taking place o, P

CfN nal de Supercomputac

Rank of the 2015 annual mean temperature over the last 37 years
from ERA Interim.

Annual mean 2m temperature
Rank of year 2015 (reference: 1979-2015)

Warmest
(15.0 %)

Coldest
(0.8 %)

Data: ERA-Interim. Figure: F. Massonnet - BSC



Climate predictions @ = Pear

Centro Nacional de Supercomputacion

5-member

prediction
started 1 Nov
1960

H00 2005
Observations
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Climate predictions @ = Pear

Centro Nacional de Supercomputacion

5-member
prediction
started 1 Nov
>-member 1965
prediction
started 1 Nov

1960

H00 2005
Observations
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Climate predictions @ = Pear

Centro Nacional de Supercomputacion

5-member
5-me_m_ber prediction
predC:Cf(l)\ln started 1 Nov
starte oV
5-member 1970
L 1965
prediction
started 1 Nov

1960

H00 2005
Observations
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Climate predictions @ = Pear

Centro Nacional de Supercomputacion

5-member
prediction
started 1 Nov
2014
5-member € €VeEry yg-e &7
5-me_m_ber prediction
predcicf(l)\ln started 1 Nov
starte oV
5-member 1970
_ 1965
prediction
started 1 Nov
1960
g ==
1960 -

Observations
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Climate predictions @ = Pear

Centro Nacional de Supercomputacion

Typical sizes: ten members, ten forecast 5-member

years, 55 start dates> 550 independent stg:’?edcicfcl)\lnov
simulations-> 5,500 years of simulation 2014 ®
O

5-member € €every 'y

S-member prediction ®
prEdc:Cf(I)\In started 1 Nov
starte oV
5-member 1970
. 1965
prediction
started 1 Nov
1960 @
3
1960 2015

Observations

21



Predicting extremes

JJA T 7’,1, face temperature correlation of the ensemble mean fror

exp “V 'h a climatological (top) and difference with one witr
rec O}, ssurface Initialisation. Results for arth2.3
started Q ‘9 "\10.
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Prodhomme et al. (2015, Clim. Dyn.)



Attribution of Antarctic sea ice records (@) &= Q-

Centro Nacional de Supercomputacion

2014wasan exceptionalyearfor the Antarcticseaice extent. A setof
sensitivityexperimentswith NEMOQallowsto attribute it to anomalous
southerly advection of cold air (Indian sector) and ocean pre-

conditioning(RossSea)
September Antarctic Sea Ice Extent

o 2014
£ 18 e
c W
S
£ 20+ 1979-2013 trend
+2 standard residuals
1980 1990 2000 2010 Indian Ocean
4.5-
N OB
£ 4.0 $-34
- =$:z
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— 3.5- = % o ©
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| | | | |
Massonnet et al. (2015, BAMS) 2006 2010 2014 -
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Decadal climate predictions

Centro Nacional de Supercomputacion

Globalmean nearsurface air temperature and AMV against

GHCN/ERSST3Db for forecast yedss 2

Global mean surface air Atlantic multidecadal variability
temperature (GMST) (AMV)

~ Historical
% simulations
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Initialised simulations reproduce the global temperature and

EXCELENCIA
SEVERO

som

of the AMV tendencies and suggest that initialization corrects the

forced model responsend phases in internal variability.

DoblasReyes et al. (2013, Nat. Comms.)
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Climate prediction is very expensive C( S ?

Centro Nacional de Supercomputac

Clime rediction allows running jobs Independently and
sSim by wrappingtogetherensemblemembersfor different
stal ttrivial parallelisation

A suitai. 6: yensrequired
7.4 Pa 500

Y/
E€ 20 /77(,/ iqren, PDC

Number of Start Dates 0 / 5 10 10 20
Number of Members ,;7// SO 5 5 10 10
Number of Independent Simulations // }, 50 100 200
Cores 0/7 Q 7200 14400 28800

T159-ORCA1 Wall-clock Time (Hours) / year O/» 5 5 5
CPU Time (Hours) / year /. \9 72000 144000

Output Size (GB) / year 10,80 Q 1920 3840

Cores 360 60 ) 72000

Wall-clock Time (Hours) / year 5 5

T255-0RCA1 o\ Time (Hours)/ year 1800 45000 0/3‘ 00
Output Size (GB) / year 19,20 5184 10 1472

Cores 1104 27600 55200 20800

Wall-clock Time (Hours) / year 40 40 40 40

T799-ORCA025 (o) Time (Hours) / year 44160 1104000 2208000 4416000 8832000
Output Size (GB) / year 256,80 6420 12840 25680 51360

25



Computational Earth sciences

Computational Earth Sciences
1. Ensure an efficient use of the computational resources by the research groups.
2. Development of HPC usdriendly software framework for Earth system

modeling and the management of operational systems.
3. Data management.

26



Computer sciences beyond support @"

omputacion

/1,,0“. Performance Team

/' Q Provide HPC services such as performance analysis
04 ’6 ' new computational methods

re

A Big Data in Earth Sciences
A Data services
A Visualization
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A social challenge: energy use 9

CfN nal de Supercomputac

w Weather, climate and air quality simulations are.eontiuously

performed all over the world, consuming.ve / S of
energy, and contributing to large.gree Jas emiSsions
w Not all computers have / ///
| ) / /,-a' Th }»':"‘\" ens00 Li

s far from obvious

/
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* http://www.exascale.org/mediawiki/images/6/6b/Talk11-Ramirez.pdf 28



Centro Nacional de Supercomputacion

Efficiency in Earth Science models @" Qux

O«

Simulations use Auge amount of resources
Future simulations will need much more resources.

NEMONucleus for European Modeling of the
Ocean (NEMQO} astate-of-the-art globalocean
model.

Almost 170.000 lines of FORTRAN 90 code.
Parallelization based on spatial domain
decomposition through MPI.

Mostly small stencil element calculations.

A performance analysis shows that there are too

many global communications and that only 20% of
the time is spent in calculations.

68 M points A
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0,84 M points £ 259 . 991 M points
e \_.. o
ORCA 2 ORCA Y4 ORCA 1112
550 MB of memory 47 Gigabytes of memory 414 Gigabytes of memory
8 CPU hours 3500 CPU hours 90 000 CPU hours
10 Gigabytes of output (daily) 120 Gigabytes of output 1 Terabyte of output (daily ) 29

(daily)



