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PART1: CMIP & Obs4MIPs coooo ESGF ococoo CDAT ooco PCMDI Metrics Package coo

PART 1. Infrastructure Development for

Climate Research

(next 15 slides...)

- Climate research as community efforts: CMIP & Obs4MIPs
- Data sharing ecosystem for the community: ESGF
- Advanced tool for climate big data analysis: CDAT

- Help accelerating evolution of climate model: PMP

Acknowledgements to: Dean Williams, Charles Doutriaux, Denis Nadeau, et al. (AIMS Group);
Peter Gleckler, Karl Taylor, Paul Durack, et al. (PCMDI)
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Climate Model Inter-comparison Project

- CMIPS5 projected changes in global mean ANN temperature
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Climate Model Inter-comparison Project

World Climate Research Programme

CMIP Data archived in [ SGF = CMIP has collected a massive
Earth System Grid Federation .
volume of climate model data

1E+20
1E+19
1E+18
1E+17

= CMIP research output have

s o significantly contributed to
- publish IPCC reports
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Climate Model Inter-comparison Project

World Climate Research Programme

Scientific Questions of CMIP6: Clouds/

Paleo

Circulation Regional

phenomena

= How does the Earth system
respond to forcing?

Ocean/
Land/ Ice

= What are the origins and Cenisi -
consequences of systematic
model biases? caor .

= How can we assess future T o~ o
climate changes given engineering
internal climate variability, Schematic of the CMIP6 experiment design
predictability, and (Eyring et al. 2016, GMD)

uncertainties in scenarios?
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Other MIPs!

World Climate Research Programme

AerChemMIP
C4MIP
CFMIP
DAMIP
DCPP
FAFMIP
GeoMIP
GMMIP
HighResMIP
ISMIP6
LS3MIP
LUMIP
OMIP

PMIP

RFMIP
ScenarioMIP
VolMIP
CORDEX
DynVarMIP
SIMIP
VIACS AB

Aerosols and Chemistry Model Intercomparison Project
Coupled Climate Carbon Cycle Model Intercomparison Project
Cloud Feedback Model Intercomparison Project
Detection and Attribution Model Intercomparison Project
Decadal Climate Prediction Project
Flux-Anomaly-Forced Model Intercomparison Project
Geoengineering Model Intercomparison Project

Global Monsoons Model Intercomparison Project
High-Resolution Model Intercomparison Project

Ice Sheet Model Intercomparison Project for CMIP6
Land Surface, Snow and Soil Moisture

Land-Use Model Intercomparison Project

Ocean Model Intercomparison Project

Palaeoclimate Modelling Intercomparison Project
Radiative Forcing Model Intercomparison Project
Scenario Model Intercomparison Project

Volcanic Forcings Model Intercomparison Project
Coordinated Regional Climate Downscaling Experiment
Dynamics and Variability Model Intercomparison Project
Sea Ice Model Intercomparison Project

Vulnerability, Impacts, Adaptation and Climate Services Advisory Board

https://www.wcrp-climate.org/wgcm-overview
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pes ObsdMIPs:

Observations for Model Intercomparisons Project

World Climate Research Programme

* A Project for identifying, documenting and OBS Mols
disseminating observations for climate model L s

evaluation in WCRP model intercomparisons,
notably CMIP.

Obs4MIPs

Target Quantities

* Data sets accessible on the ESGF alongside /
CMIP model output, adhering to the same
data conventions

100 | Number of obs4MIPs Datasetsl]
90

* Observations to be structured in s | - Propose
70 n Progress -
coordination with the CMIP output (e.g. 60 |- = Avlable
NetCDF files, CF Convention, common 4

30

vocabularies) 0 I I I
- .

2012 2013 2014 2015 2016

EUMETS Afttps://www.earthsystemcog.org/projects/obs4mips/

\\\“\*L é @ #7 = |
@cesa g4 V é 7 ... and growing!
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PCMDI Metrics Package ooo

ESGF% Earth System Grid Federation

The ESGF peer-to-peer (P2P) enterprise system is one of the largest-ever
collaborative data efforts in Earth system science

© ESGF-LLNL - Home |ESGF... * | +

U @ | https//esgf-node.linl.gov/projects/esgf-linl/

@ ncMESte

Department of Energy.
Lawrence Livermore National Laboratory

@ Cimate Data Anal..

T

@

Home.

(3] Most Visited ~ SE CSP Authenticatio... @ Common Metadat..

Lawrence Livermore
National Laboratory

ESGF@DOE/LLNL

‘The Earth System Grid Federation (ESGF) Peer-{o-Peer (P2P)
enterprise system s a collaboration that develops, deploys and
infrastru d i
and analysis of model output and observational data. ESGF's primary
goal s to faciltate advancements In Earth System Science. Itis an
o fort led by of Energy
(DOE), and co-funded by National Aeronatics and Space
o (NASA), National O d Atmosphe
Administration (NOAA), National Science Foundation (NSF), and
International aboratories such as the Max Planck Institute for
Meteorology (MPI-M) German Climate Compuing Centre (DKRZ),
the Australian National University (ANU) National Computational
Infrastructure (NCI), Insttut Pierre-Simon Lapiace (IPSL), and the.
British Atmospheric Data Center (BADC). The ESGF mission is to:

« Support current CMIPS activites, and prepre for future
assessments

« Develop data and metadata facilties for inclusion of observations
and reanalysis products for CMIPS use.

E1 ¢ Q search

@ inkedin ) Login X, 2016-06 AIMS Wo..

@ HPSS - High Perfo.

€ CDash - UV-CDAT

""" ESGF& 8%6

e current cimate research infrastructure capabilties through involvement of the software development community and through adherence to sound

cross agency and poliical boundaries.
serate with to meet the

siruciure and tools that facitate scieniic advancements
Well-Established Analysis
Sharing of Diagnostic Code
Guidance and support from CMIP Panel,
WGNE/WGCM Climate Model Metrics
Panel and , CMIPG-Endorsed MIPs s

handie

the ESGF P2P distributed data archive.

Model Output

fESGF: e,

NASA, NOAA, ESIP, and the European ES-INES

management for woridwide distribution. The team of computer scientists and climate
d an operational system for serving cimate data from muliple locations and sources. Model simulations, satellte observations, and reanalysis products

Welcome, Guest. | Login | Create Account

You are at the ESGF@DOE/LLNL node
Technical Support

Federatad ESGF-CoG Nodes

ESGF@NOANESRL

Search & Download Data @

Q_search with

e Al
Parent projects o CEDA
Poor projacts (¢ @) DKRZ
ESGF-CEDA e
£sGrokRz @) ANUNCI
ESGFGF
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ssgrste @ NOAAGFDL
ESGF-
eseFLU (@ NASA GSFC
ESGFACI
chid prjects (@) IPSL.
oMP3
s @ NASA JPL
inputaMIPs
@ DOE LLNL

Reset L
Start tping,or¢
Showal avaisd
ESGFLLNLT:

§ AE C
. @ CMIPS
- E o52 [soimaonoding ><7
- I 3= E% 2% Worts Cmats Refaarch Programme
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= - &
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; r T S Ee BERE:
Observations and 4 S E [. £5 f5gis
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Reanalyses ' - <

) Data Archive

State evaluation of ECVs

Analysis computing en-
(climatology, trends, ...)

https://esqgf-node.lInl.gov/

vironment integrated
with the ESGF

Process and phenomena evaluation
Link to projections
(MMM analysis and emergent constraints)
Performance metrics

https://esaf.linl.qov/

(Image from Eyring et al. 2016, GMD)

Also Shown:
Country
United States
United States
China

India

Spain

V) How to: Generate..

Major ESGF Node Sites

Gateway URL
esqf-index].cedaac.uk

esgf-datadkizde
esgfnciorgau

esqdata.gfdl.noaa.gov
esgfnces.nasagov

esgf-node.ipsl.upmc.fr
esgf-node jpl.nasa.gov
esgf-node.linl.gov
esg-dnl.nscliuse

Institute

240

240

240

240
240
240

240

DOE Argonne National Laboratory
NOAA Earth System Research Laboratory

Beijing Normal University

Indian Institute of Tropical Meteorology

University of Cantabria

UK. SPECS, ESA CCl, EUCLEIA, CLIPC

Germany  CMIPS, CORDEX, ObsaMIPs, ISI-MIP

Australia  CMIPS

us. CMIPS, ncpp2013, ObsaMIPs

Us CMIPS, ObsaMIPs, AnadMiPs,
NEX-GDDP, NEX-DCP30, CREATE-IP

France  CMIPS, CORDEX, Obs4MIPs

us. ObsaMIPs, GASS-YoTC, CMAC

us. CMIPS, CMIP3, input4MIPS, ACME

Sweden  CMIPS, CORDEX, Obs4MIPs

Project(s)
CMIPS, CORDEX, Obs4MIPs,

Gateway URL
deveesgfanl.gov/projects/esgf-anl
esgfesrlnoaagov

cordexorg

Contact
alan.iwi@stfcacuk
berger@dkrzde
ben evans@anu.eduau
hans.ahlenkamp@noaa.gov
danielq duffy@nasa.gov
sebastien.denvilaips|jussieu.fr
luca.cinquini@jpl.nasa.gov
sasha@linl.gov

pchengi@nscliuse
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ESGF

Earth System Grid Federation

Unified virtual data cloud

PCMDI Metrics Package coo

User’s View:

Easy to use
\ _
Policy —I g5ten2 g Step3: |
Maker Log into ESGF portal Request data Check identity
data file or
wsuallzatlon
Science L
User

J—-EEI_F—EMJ——EE!-

Process data Retrieve data Locate data

Actual Structure:

Users

Scientist

LLNL-PRES-735001
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ESGF' Distributed archives

Earth System Grid Federation

Earth system science supported projects:

= CMIP3, CMIP5, and CMIP6—Phases 3, 5, and 6 of the Coupled Model Intercomparison Project
* CORDEX—Coordinated Regional climate Downscaling Experiment
=  ACME—Accelerated Climate Modeling for Energy
= EUCLEIA—EUropean Climate and weather Events: Interpretation and Attribution

4,635.828 TB

* Obs4MIPs—Observational for Model Intercomparison Project

ESGF total data volume

* GeoMIP—Geo-engineering Model Intercomparison Project
= AnadMIPs—Reanalysis for the coupled model intercomparison p— 4’261 921TB
* LUCID—Land-Use and Climate, Identification of robust impacts CMIP5 total data volume
= ESA CCl—European Space Agency Climate Change Initiative Earth Observation data
= TAMIP—Transpose-Atmospheric Model Intercomparison Project 59.813 TB

= PMIP—Paleoclimate Modeling Intercomparison Project CORDEX total data volume
= HIWPP—High Impact Weather Prediction Project

= NEMS—NOAA Environmental Modeling System More complete list: _
https://esgf-node.lInl.gov/ac/list/

= NEX-DCP30—NASA NEX Downscaled Climate Projections

= CREATE-IP—Collaborative REAnalysis Technical Environment — Intercomparison Project

Lawrence Livermore National Laboratory \/ S;%“i 12
LLNL-PRES-735001 N A =4
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ESGF& Distributed archives

Earth System Grid Federation

Number of Downloads Per Project Number of Downloads Per Project

B CMIP5 (3,973,670)
B CORDEX (510,588)
M ISIMIP-FT (58,534)
B INPUT4MIPS (5,214) 6

CREATE-IP (4,890)
CMIP3 (4,734)
NEX (3,492)

2
M ISIMIP2A (2,074)
B ANA4MIPS (942)
0 4

CMIPS

4

Log Scale

3,973,670 W OBS4MIPS (3,236)
‘ M NEXGDDP (2,376)
I////m B GEOMIP (188) e T 2 o
B PMIP3 (52) = 9 £ 3 g zg 83 2 zg = g
M ISIMIP2B (52) Rg%%ﬁax*éS%E%E%
< 7 = .% ? g > ﬁ Ry o}
Total number of downloads: ~ 4,500K Most downloaded projects:
1. CMIP5
2. CORDEX
Lawrence Livermore National Laboratory N IS&% 13
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2DAT Community Data Analysis Tools

Community Data Analysis Tools

= Python based application (GUI / Command Line)

= CDMS (Climate Data Management System)
— Handle multi-dimensional climate variables
— cdutil, genutil: Python library specialized for climate analysis

= VVCS Graphics Module

https://uvcdat.linl.gov/

- — .- = UVENTIAT

Lawrence Livermore National Laboratory N A‘S@i@% 14
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Community Data Analysis Tools

CDAT ceo PCMDI Metrics Package coo

zDAT analysis examples (1)

UVEDCOAT cumy sty Docuaristion = Garact atesses =

Gallery (incex)

Foaingost? Crack out our Getting Stared gue.

& DAT

Community Data Analysis Tools

Examples of frequently repeated analyses:

Seasonal climatology / anomaly
EOF analysis

Running average

Hovmoller & Taylor Diagram
Multi-model ensemble

Etc

https://uvcdat.linl.gov/gallery.html

Lawrence Livermore National Laboratory
LLNL-PRES-735001

(78
7 “
NS 15
National Nuclear Security Administration



PART1: CMIP & Obs4MIPs cocooo ESGF oooo CDAT ococe PCMDI Metrics Package coo

@EDAT analysis examples (2)

Community Data Analysis Tools

EOF first mode, HadISST(1980-2000), 23.5% Highlight of the example Python code:

import cdms2
from eofs.cdms import Eof

#Open file

# Load variable
d=...

# EOF (take leading mode)
solver = Eof(d, weights='area’)
eof = solver.eofsAsCovariance(neofs=1)

# Plot
-1.0 -09 -08 -07 -06 -05 -04 -03 -02 -0.1 00 O1 02 03 04 05 06 07 08 09 10 httpS//UVCdat”nlQOV/exampleS/eOf a
T T[T T e nalysis sst.html

UVENCIAT

Lawrence Livermore National Laboratory \/ S%“i
LLNL-PRES-735001 N A =4

National Nuclear Security Administration
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@CMDI PCMDI Metrics Package (PMP)

\ldll)g
mpaj

 Emphasizes a diverse suite of
relatively robust high level summary I
statistics objectively comparing et AR AT A
models and observations across "
space and time scales

. Worse

+ End-to-end provenance to ensure
reproducibility

as
| Better

........

nnnnnnnnnnn

* Open source Python publicly available ¢ BECUEREEEEEREERE
On GitHUb N JJA ) CI:m:teModelVersion: )

* Designed to enable the research

. . Gleckler, P. J., C. Doutriaux, P. J. Durack, K. E. Taylor, Y. Zhang, D
community to contribute

N. Williams, E. Mason, and J. Servonnat (2016), A more powerful
reality test for climate models, Eos, 97, doi:10.1029/2016EO0051663.

 Currently collaborating with 5 modeling Published on 3 May 2016

groups

Lawrence Livermore National Laboratory N ISX{% 17
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ESGF oooo

PCMDI Metrics Package ceo

@CMDI How can CMIP more directly assist model development?
Enable modelers to leverage diverse analysis community expertise

Climate Model
Development

Start here...

—_—
h

“in house® experiment protocol

Experimentation | <G
P (CMIP DECK)

This will happen with the PMP as
soon as runs are available

DECKAnaIyS|s Performing simulations

Capablllty and making
output available

This takes years..

Multi-model
Research
(CMIP papers)

Community-developed

cN]

Multi-model
evaluation

Lawrence Livermore National
LLNL-PRES-735001

Laboratory
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The PCMDI Metrics Package (v1.1x)
Prototyped on climatological summaries

Taylor Diagrams and Portrait Plots:
Orthogonal decompositions of large scale climatological error
statistics

) Winter Precipitations o Sprin
7900.10.20.3 p 00019 03 pring
04 64 04
95 %35, % . )
> %2 % : il
48 %o %, Tl 1 MITN T
o 32 2, : 1Ll L i H:’
‘A 24 \ =) H L
% % ({ “
16 " | s [ )
o4 \ o
8 [ % Reference 8 \ b3 NENEA L NEEN 1 1Y AN
[ 1 CCSMCRCM | - | N 1
0 - 2 CCSM MM5 0 -+ _’j { LTl -
0 8 16 24 32 40 48 56 64 72 | & ccemumic | O © 16 24 32 40 48 56 64 ] i | ]
Standard deviation 4 CGCM3 CRCM Standard deviation ! i H L[ 1
CGCM3 RCM3 i I o] I
o coemzwarg | 0.00.1 aJAutL{mn . I U Ll I = N
54 7 GFDLECP2 ~9 T T M i [ 1 N
a8l GFDL RCM3 5 0. % ' 1T o
HADCM3 HRM3 | 6 s, 1 M | Ho:
42 2%, 114 Het
» wol-- o> o TS i ( 1
3 > Ca bl 1 (1™
ol - N . i
o L oz
24 1 ) L L]
24, o i | e
18 ‘Zi A €%  sroEsEmmesss H al LI Baa
16
12 ° MEH as
8 0
6 . s LA
0 - 0 - S79737333633393743998398537:47
0 6 12 18 24 30 36 42 48 54 0 8 16 24 32 40 48 56 55‘“%5%5%3%&%;%ﬁ%giﬁ%éégggﬁ
Standard deviation Standard deviation ‘ FE cET O TEE hveow
. . ' ()"‘l
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PART 2. Evaluation of Various Climate Models

(next 15 slides...)

- Scientific study based on the infrastructure, and currently being implemented to PMP
- Specific research title: Quantifying the Agreement Between Observed and Simulated

Extratropical Modes of Interannual Variability

Acknowledgements to: Kenneth Sperber, Peter Gleckler, Celine Bonfils, and Karl Taylor

Lawrence Livermore National Laboratory N I ffo 20
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Background o Approach1 oooo Approach2 coo Results cooo Summary o

Objective: Routine Evaluation of Models

= CMIP has collected a massive

volume of climate model output

CMIP Data archived in [ SGF ()
E S Grid F

1E+20

= To have a better understanding of

1E+19

1E+18

1E+17

model uncertainties and
performance, it is important to
evaluate models routinely in a

1E+16
1E+15
1E+14
1E+13
1E+12
1E+11

CMIP1
1GB
1E+10

CMIP2
500 GB

_

35TB

CMIP5
CMIP3 1.8 PB
A
1

O)

e e

Bytes (log scale!!)

systematic and collective way

1E+09 | 4
100000000

CMIP3: (35 TB of data) ]

10000000
1000000
100000
10000
1000

100 -

= PCMDI/LLNL is developing a metrics 1L
package (the PMP) to more directly o
contribute to model development
(via quick feedback)

N P & D & & > P D E DO DD D NG S
$ S S $ PP P S
LI SR LU S S S S P M S S O G SN,

-

Year

(Williams et al. 2015, BAMS)
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Background: Modes of Variability

AO/NAN\ ¢

s 4 a2 a4 o ' 2 a4 s

\\‘ﬁ
b
“}3

Z
i
)7
N4 §
S
° 2
>
=2

zzzzzzzzzzzz

NAM: Northern Annular Mode
(20CR, SLP)

PNA: Pacific North AmericanP
(20CR, SLP)

aaaaaaaaaaaaa

PDO: Pacific Decadal Oscillation NAO: Northern Atlantic Oscillation SAM: Southern Annular Mode
(HadISSTv1.0, SST) (20CR, SLP) (20CR, SLP)

= Generally defined by the leading EOF mode in observations
= Represent long-term large-scale variance

= |[mportant test for diagnosing model behavior, and detection & attribution

-

LLNL-PRES-735001 National Nuclear Security Administrai

Lawrence Livermore National Laboratory N A‘S&% 22



PART2 : Objective o Background o Dataset o Approach1 cooo Approach2 coo Results oocoo Summary o

Datasets

= CMIP5 Models
WERp-@MIFS
— Models: 180 historical simulations (45 models with their realizations) N
— Time window: 1900-2005 (except SAM: 1956-2005) ESGF@
— Variables: 1) Sea level pressure (SLP): Seasonal anomalies o e
2) Sea surface temperature (SST): Monthly anomalies (for PDO)

— Area-weighted average over EOF domain was removed at each time step

= Observation based reference datasets

___________stP sST

OBS 1 (default) NOAA CIRES 20CR HadISST v1.1

OBS 2 ERA 20C HadISST v2.1

OBS 3 HadSLP ERSST v3.0
= Tools

— PCMDI Metrics Package (PMP): Python based open-source tool (Gleckler et al. 2016, EOS)
— UV-CDAT: Python based large-scale data analysis and visualization tool (Williams 2014, EOS)
— eofs: Python library for EOF analysis (Dawson 2016)

L

. . "‘l
Lawrence Livermore National Laboratory N A‘S&f_qé“ 23
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Conventional EOF Approach

Anomaly field (OBS or Model) Leading EOF Pattern = PC time series

% 5.3

. _

L g “—

(.
\ time

Limitations:
1. Sign ambiguity: EOF sign is arbitrary, sometimes it needs to be flipped
2. EOF mode swapping: Cases in which leading OBS EOF better corresponds to

2nd or 3" mode of model

. . ",l
Lawrence Livermore National Laboratory N A‘S’Q‘-‘?ﬁ 24
National Nuclear Security Administration
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PART2 : Objective o Background o

Dataset o

Approach1 ceco

EOF mode swapping (1): Example

Approach2 coo

Results cooo

Summary o

= NAM (DJF) simulated by MIROC5 (r2il1pl)

OBS

/ NAM: obs : NOAA-CIRES_20CR \

1900-2005 DJF 27.2%
180w

5 4 3 2 -1 0 1 2
~lT T[]

NAM: Northern Annular Mode
\ (20CR, SLP) /

NAM: MIROCS (r2i1p1)
1900-2005 DJF 22.6%
EOF1 R,
=4

" NAM: MIROCS (r2i1p1)
1900-2005 DJF 20.0%
| EOF2 e
0 {
' 10w hon ;{% A\ 2
] Lo o
' Bt 7 -~ \
0 -} @k e e
?) X A < t
] Fay e @ /
| ) F o e
i \ AT
' 5 4 1 1
Q =

Model \

Best matching:

/ EOF2

NAM: MIROCS (r2i1p1)
1900-2005 DJF 9.0%

EOF3

T

\------’

Lawrence Livermore National Laboratory
LLNL-PRES-735001
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National Nuclear Security Administrai
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Summary o

?

Results cooo
[ ]

icant

if

Approach2 oco

ign

Isits

Approach1 coeo
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Dataset o

PNA, DJF

Background o

EOF mode swapping (2)

1.0 -

PART2 : Objective o

1
@

Sd0 O} uolje|alio) uisljed

Ir

fa

swapping gives more

comparison
| EOF swapped by PCOR
/. EOF swapped by RMSE
' EOF swapped by TCOR1
< EOF swapped by TCOR2

msm Conventional EOF1

= Yes, it could be!
= Accounting for EOF
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- WS3-D0YIN
- PWOWNI
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- 4IN-WS3-IdW
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- 22-CINIOPeH
- ¢b-STV054

- 4-¢3-SSI9

- 0J-H-¢3-SSI19
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- SIWND-DDD

- W3IHOLSVY4-TIWS3D
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Models
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EOF mode swapping (3): How often it happen?

120 115
B PCOR B RMSE
:gr:ber of o TCOR1 TCOR2
80 74 72
swapping 5
cases 48746 47 4

identified 40 1 3% [ |
10] 10 13
364 6 7 8
O 1111 Il 2 2.12

DJF MAM JJA SON|DJF MAM JJA SON|DJF MAM JJA SON DJF MAM JJA SON

NAM(180) NAO(180) SAM(180) PNA(180) PDO
Season (175)

Mode (Number of total participating simulations)

Applied criteria to decide best matching EOF:

Spatial: Temporal:
« PCOR: Pattern correlation : CBF PC vs EOF PCs
«  RMSE: Root mean square error « TCOR2: OBS PC vs tweaked CBF PCs

* Significant number of EOF swapping cases are identified

* There is no single best criteria

Lawrence Livermore National Laboratory A‘S,_o‘ 27
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Background o

Dataset o Approach1 cooo

Approach2 eco

Results oocoo Summary o

Common Basis Function (CBF) Approach

Model’s anomaly field

OBS leading EOF pattern

Model’s CBF PC time series

I ———— T——

(1) Projection

(2) Linear Regression

Year

Get PC time series by
projecting OBS pattern
into model’s anomaly space

= >

J

Model’s CBF Pattern

Reconstruct Pattern
by linear regression
between CBF PC & model field

Lawrence Livermore National Laboratory
LLNL-PRES-735001
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CBF Result: Example

= NAM (DJF) simulated by MIROC5 (r2il1pl)

/ OBS \ / Model \

1900-2005 DJF 27.2%
180w

CBF Best matching: EOF2

’ NAM: MIROCS (r2i1p1) - pseudo \

NAM: MI 11
1900-2005 DJF 20.1% ROCOGHInT)

1900-2005 DJF 20.0%

1OW i —._Jo0e

17/ [ /j :_—:f\ é.n - bl :;V{ \\;\m‘
,}bw\maﬁ-,: SRR y nvb{t}—_&(%m\\
9L -
Zr% q
L
\ Y & /] AN,
- 3 o
o“&‘i b e v > ;f: 0 Y
5 -4 -3 2 -1 0 1 2 3 4 5 \‘-\ ) ;1\“) A/ ) ’ @1_/{»{?
e Sy 2 N, gl

NAM: Northern Annular Mode

k " (20CR, SLP) / \ e ) e —

CBF pattern better :
corresponds to OBS than the R
best-matching EOF mode -

= CBF-PC —— EOF2 PC (TCOR=0.85)

g
ST S
z‘(’&e.,.
&t
& -
123 \:“"5,}‘—: g [
e = R /
\ o ;7 /
\ Y i /
7
2__?__
‘-------‘
£
o~ T
o
S
&
i
‘.
~
y)
o
Q-------'

CBF PC corresponds to PC of -
best-matching EOF mode

1920 1940 1960 1980 2000
Year

. . "‘l
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7
&

Results cooo

CBF

- EOF swapped
Averaged across realizations

Approach2 coe

NS4

ith

observations than the
conventional EOF

Ir comparison w

skill is better than indicated
by conventional EOF

analysis

fa

= The CBF provides a more
= The CBF reveals that model

WOOVM-TWS3ID

JN-TWS3ION

IW3HD-WS3-D04IN

EWOPeH

9ZIS3-1d49

WZWS3-1049

VWOWNI

Approach1 cooco

WS3-D0Y4IN
W-TIWS3ION

WS3-NNg
1dzid-1a49

d-WS3-IdW

Y1-WS3-IdW
SOOI

Dataset o

PDO

Background o

d1-9GWD-1Sdl
T-TINSD-209
YT VSWO-1Sd
mm,_-_zmm-_n__z
ZP-STY094
H1dVv3-03
WS32-20WD
WIHOLSY4-TWS3D
Y-Z3-SS19
H-Z3-SSI19
S-S1V094
SWVYD-TWS3ID
Zins3ued
Z-SIND-WYND
WS3-0ld
PWS2D
0-TSS32DV
€-TSS320V
J2-H-Z3-SSI9
20-4Y-Z3-SSI9
SIND-IWYIND
EWD1A49
S3-ZN3OPeH
22-ZIN39pPeH
W-T-TWSD-204
2949-TNS3D
YIN-YSWO-1SdI
OV-ZW3SpeH
0-9-)IW-0YISO
SWD-DOWD
WD-20WD

Models

CBF vs. EOF swapping

1.0

PART2 : Objective o

T T T T 1
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PART2 : Objective o

Performance Diagnostics (1): Pattern + Amplitude

Background o

Dataset o

Approach1 cooo

Approach2 ooco

Results ecoco

Summary o

PDO

Monthly

RMSE (Normalized by median value)

SAM

SON
JUA
MAM
DJF

NAM

SON
JUA
MAM
DJF

PNA

SON
JUA
MAM
DJF

NAO

SON
JUA
MAM
DJF

0.5

0.4

PDO

Monthly

THRECECESCEET

ACCESS
BCC-CSM

Rt

rli2pl
rli2p2
2
3
4
5
6
B
GC .
2
r3
T
2

FASTCHEM

CESM1

AR+l

1

WACCM

cMcc

r1
3}
0
2
3
r4
5
6
7
8
9

CM52

___________
>l =

CSIRO-Mk3.6.0

CNRM

Models

uuuuu

0.3

PARRSRRt]

CanESM2

EC-EARTH]|

FGOALS

_____

0.2

rl

E2.H tlilp2
rlilp3

0.1

F2HCC 1

@
]
»

0.0

SAM

SON
JUA
MAM
DJF

NAM

SON
JUA
MAM
DJF

PNA

SON
JUA
MAM
DJF

NAO

SON
JUA
MAM
DJF

4

2
2ilp2
2ilp3

GISs

HadCM3

chant

SR}
Q
<

CcC
S

HadGEM2

More Models

IPSL

MIROCS

MPI-ESM

3

M 2

NorESM1

OBS2
ERA20C

Relatively
Worse

Median

% Relatively

Better

Lawrence Livermore National Laboratory
LLNL-PRES-735001

NYSE

National Nuclear Security Administration

31



PART2 : Objective o

Background o

Dataset o

Approach1 cooco

Approach2 coo

Performance Diagnostics (2): Amplitude

Results ceco Summary o

& Model CBF PC )

S

Year

PDO
SAM

NAM

Monthly

SON
JUA
MAM
DJF

SON
JUA
MAM
DJF

SON
JJA
MAM
DJF

SON
JJA
MAM
DJF

PNA
NAO

uuuuuuuu

ACCESS

BCC-CSM

PDO
SAM

NAM
PNA
NAO

Monthly

SON
JJA
MAM
DJF

SON
JJA
MAM
DJF

SON
JJA
MAM
DJF

SON
JJA
MAM
DJF

Ratio of PC STDVs: Model/OBS

BNU-ESM
FASTCHEM

CESM1

uuuuuuuuuuuu

PR R
=

PASRHRVRS] iR ]

anESM2

EC-EARTH

CSIRO-Mk3.6.0

uuuuuuuuuuuu

GISs
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R ol ol
Q A
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w

HadCM3
HadGEM2

More Models

CM5A-LR

uuuuuuuuuuuuuuu
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(=} 0

FIO-ESM

FGOALS

[14
-

MR

=
0
w

MIROCS

CM5B-LR
ESM-CHE

CM5A-|

IPSL MIROC

AR

MPI-ESM

OBS1
20CR

0OBS2
ERA20C

Overestimate
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Good
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Seasonal Variation

—O0BS1 (20CR)

’ Dominant —— —O0BS2 (ERA20C)
Season  dominant | _ g3 (HadSLP2)
X Season

across realizations)

Percentage [%] of overestimating models

= Some models dramatically
overestimate variability
immediately following
dominant season

STD of PC1 (CBF)

More attention is needed for

evaluating the seasonality of
these modes, not just the
JIA N oF DJF o aa o dominant season

. - ""‘l
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OBS 1
ACCESS1-0

ACCESS1-3
BCC-CSM1-1
BCC-CSM1-1-M
BNU-ESM
CanESM2
CcCsm4

AII mOdeS AII mOdes CESM1-BGC
Dominant Season All Seasons o CesFASTCHEM

02 0.0 0.1 0.2 11 CESM1-WACCM
- 12 CMCC-CESM
13 CMCC-CM
14 CMCC-CMS
15 CNRM-CM5
16 CNRM-CM5-2
17 CSIRO-MK3-6-0
18 EC-EARTH
19 FGOALS-g2
20 FGOALS-s2
21 FIO-ESM
22 GFDL-CM2p1
23  GFDL-CM3
24 GFDL-ESM2G
25 GFDL-ESM2M
GISS-E2-H
GISS-E2-H-CC
GISS-E2-R
GISS-E2-R-CC
HadCM3
HadGEM2-AO
HadGEM2-CC
33 HadGEM2-ES
34 INMCM4
35 IPSL-CM5A-LR
36  IPSL-CM5A-MR

Taylor Diagrams

© 00T U N X

0.0 0.1

1.35¢ 135

1.20 - 1.20
105+ 1.05
0.90 - 0.90
0.75 0.75
0.60 | 0.60
0.45¢+ 0.45

0.30 0.30

660
660

0.15

\

O?QS év ! v~OBS 2 37 IPSL-CM5B-LR

0.15} S
© OBS 3 ©
0.00 A : . . . 0.00 L - . . 39 MIROC-ESM-CHEM
"70.00 0.15 0.30 0.45 0.60 0.75 0.90 1. 1.20 1.35 0.00 0.15 0.30 0.45 0.60 0.75 0.90 1) 1.20 1.35 40  MIROC5

Standard deviation (Normalized Standard deviation (Normalize 41 MPI-ESM-LR

4 MPI-ESM-MR
OBS 1 OBS 1 43 MPI-ESM-P

44  NorESM1-M
45  NorESM1-ME

Post-dominant season (Spring) is the major contributor to the overestimation % OBS2
47 OBS 3

1 38 MIROC-ESM
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Further detail:

Su mmar J. Lee, K. R. Sperber, P. J. Gleckler, C. W. Bonfils, and K. E. Taylor (2017)
y Quantifying the Agreement Between Observed and Simulated Extratropical Modes

of Interannual Variability. Climate Dynamics (in review)

= We have developed evaluation metrics for extra-tropical modes of variability
using CBF approach — projecting model anomalies onto the observational
leading EOF

= The CBF method leads to a more consistent approach for evaluation,
overcoming limitations of conventional EOF

= The amplitude error is the dominant contributor to systematic error in many
models

= Models generally agree better in the dominant season of each mode,
while many models systematically overestimate the variability in post-dominant
season
=» More attention needs to be devoted to evaluating the seasonality of modes

- . 4l
Lawrence Livermore National Laboratory N ISX_?_%“ 35
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Further Works: Server-side Analysis o Big-data Visualization o Machine Learning o

Further Works

(only 3 slides left!)

Lawrence Livermore National Laboratory N I ffo‘ 36
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Further Works: Server-side Analysis e Big-data Visualization o Machine Learning o

On-going further works (1): Server-side analysis

= Server-side calculation of metrics

Goal: Enable

Diﬁerent aspects Model Evaluation Metrics
user tO apply NN /kb%%%/ 'M%’W / Y 41//%"WL/ AN AN
. 7 (4 i /I/VK 77 / r'/ 77 ,w/,,/ 7 1/ / \/VVVV/L A i L,/ 7 ,// Worse
new metrics S Jar - Yy i A ok
Zeltar ESGF At it s et et a0 gt B T
. . O §euman R o W WA ' Zvri T A A A
simulations > 4 AV RERRG “Gnnna Y A in (7 i 14
d P i
across i L ]waﬁmp 03
federation 1 % :
3 Y 0.1
o m ‘>/>__<‘<<< \ ]
DE 00
/ ~ o
d ; K 02
7 / A7 % K 4.4 AWM VYA |/ 7l Vi
. Z/Zlf// 71717 7 A/ /,/ //// % /, / A7 //' | AN/ / 03
W Al F = o i AL Tr A
7 7 7 V] A2 VA i 04
’/ 1 05
Better

User’s model [t
[
'_J
U
3

- Summarizes ~ 3K statistics in one plot

Lawrence Livermore National Laboratory ISX{_«% 37
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On-going further works (2): Big-data visualization

Developing alternative way of big-data
visualization:

Dependency between models (Prototype)

- Example plot enables identifying
dependency between models

- Originally designed for bio-medical
applications to identify connectivity
between genes or cells

HadGEM2-ES

HadGE‘”"CC

- Summarizes relationship between
more than 30K statistics in one plot

- Open doors to Climate model
genealogy

UL. Lawrence Livermore National Laboratory NVYSE, 38
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Further Works:

Server-side Analysis o Big-data Visualization o Machine Learning e

On-going further works (3): Machine Learning

Stage 1:

Detection Localization

Temperature
precipitation

Hurrican

L] (xly)

wind

Climate data

Labeled by
historical record

"

1

[CN

s Gongitude) Dahl, Ryan, Mohammad Norouzi, and
‘ My’ (atitude) Jonathon Shlens. "Pixel recursive super

resolution." arXiv preprint
arXiv:1702.00783 (2017)

Convolutional Neural Network

*
ey Where is the hurricane? X y y
J—— ‘ ‘ Neos (Regression) 8x 8 input 32 x 32 samples ground truth
N\

Convolutional Neural Network N\ . Yes
Does it contain hurricane? A O oty NO Yes

(X’yy,z

(Classification)

No | No | No (xy)

Fﬂ'w 1B0°W  140°W  120°W 100°W 80D
0
+

Low Reconstructed  Ground truth
resolution  superresolution High resolution

100°E 140°E

Further detail:

. S. K. Kim, S. Ames, J. Lee, C. Zhang, A. C. Wilson, D. Williams (2017) Massive Scale
Courtesy of Dr. Soo Kyung Kim Deep Learning For Detecting Extreme Climate Events. Climatic Informatics (in review)
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ESGF Tier 1 and Tier 2 node site
requirements for CMIP6

* Tier 1 sites requirements ® Tier 2 sites requirements

— Tier 1 sites are expected to run the full suite of ESGF services for ®  Centers that typically have fewer physical or staff
data and user management, which can be used to support their resources available for ESGF interactions but that still
own activities and those of Tier 2 sites need to distribute a certain (possibly significant)

— Have an uptime (>98%) amount of data to the scientific community.

— Have 10 petabytes of spinning disk storage space ®  Tier 2 sites are encouraged to leverage some of the

— Have at least a 10 gigabits per second connection to their wide- services supported by Tier 1 sites, such as a
area network provider with plans to upgrade beyond 10Gbps by 2017 Metadata Index and Identity Provider, and focus

— Run a 10 gigabits per second perfSONAR host (preferably on a instead on supporting local services for data
physical server), download and possibly analysis.

Network team (ICNWG) “

— Deploy at least four 10 gigabits per second Data Transfer Nodes CMIP6

(DTNs) in a “Science DMZ" environment with plans to run replication @

production ESGF data services on the DTNs by 2017 centers Replica Replication team
— Deploy sufficient high-performance storage to allow the DTNs Mo ~ o

to effectively serve CMIP6 data at high performance levels Z R ~~3 —
— Publish data using GridFTP and Globus URLs in addition to notification tools

wget URLs, O bica it -

— Configure the DTN to use Globus as well as GridFTP and wget, and Mo Ness

2, ]
— Use Synda for data replication between Tier 1 sites. / ,\
— Core monitoring services ,/' 3:;:
® Unnoticed downtime by system administrator should not happen 3:;2 i 7
* Certificates end of validity monitoring s
— Quality of Service (TBD) ::;:

Model Center 2

ESGFv 42
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ESGF

Earth System Grid Federation

Future work on

the horizon

Dynamic resources:
Manage and enhance user
accessibility.

In situ analysis: Enable
users to obtain real-time
computational results by
performing calculations at
the site where data resides.

Machine learning: Find
patterns and features in
exabyte-scale data,
providing users with new
insights based on the vast
wealth of available data.

Uncertainty quantification:

Connect uncertainty in
underlying data with the
reliability of conclusions.

* Cloud development: Enable

easy setup of ESGF nodes
and services on the cloud,
either for permanent
management or for
transitional computational
tasks.

Analytical Modeling: Gauge
how long calculations will
take on various platforms, so
that users can optimize their
use of worldwide
computational resources.

ESGF Roadmap

R&D Area

ESG-1 1999-2001
| ESG-CET 2006-2011

| ESG-F 2011-2020

Data Management

| ESG-VL 2020~

| EsGH112001-2006

Petabytes

User Interface and Search

(10)

Hardware and Network

Model

-
|

Data Transfer

5

- | Intercomparison

Installation (Containerized)

Authentication and Authorization

Federation

Version Control

Quality Control and Assurance

Replication

Distributed Search

Metrics

Planned ESFG Data
Archival Capabilities

User Notification

Long-Tail Publication

Distributed Computation

Exabytes

Data Citation

(10")

Provenance Capture

Remote

Workflow

Sensing,

Dynamic Resources

in situ,

In Situ Analysis

Climatology,
Diagnostics,

Machine Learning

Ecosystem,

Uncertainty Quantification

Hydrology,

Cloud Development

Biology, etc.

Analytical Modeling

Knowledge Discovery

Usabl
Capabilty

Prototype
Capability - Research

43



@EDAT CDAT: analysis examples (2)

Community Data Analysis Tools

Users can have self-describing Python source code
and easily apply it to their analysis

b



Previous studies

= The majority of previous studies have focused on one or two modes of variability

= A few studies have conducted systematic evaluation for a variety of modes, e.g.:
— Stoner et al. (2009) focused on the CMIP3 simulations
— Phillips et al. (2014) has developed diagnostic package (NCAR CVDP) and released a repository

for evaluating simulated modes in CMIP5

/- We expand these studies to develop metrics with an emphasis on how to: \
— Objectively compare the models with observations, including seasonality
— Test the skill sensitivity to: 1) multiple realizations from individual models
2) choice of observations
3) methodological consideration
— Ascertain the role of pattern error versus amplitude error in assessing the fidelity of the

\ simulations using skill metrics J

Lawrence Livermore National Laboratory N A‘ Sﬁf_ﬁg 45
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Climate Research as Community Effort: CMIP and ESGF

Coupled Model Intercomparison Project (CMIP)

CMIPS projected changes in global mean ANN temperature

4.5
——RCP 2.6
4F —RCP 4.5
——RCP 6.0
3.5 —RcP 85
b Historical
—— Observations
2.5F
20 models
2 L
1.5F

Temperature change relative to 1961-1990 [K]

0.5¢
0
| H.

lawkins and Sutton (2009)

1960 1980 2000 2020 2040 2060 2080 2100
Year

Future projections simulated by CMIP participating
models

ESGF

M Lawrence Livermore
National Laboratory

EZS ESGF@DOE/LLNL

(OKR),
NASA/JPL DOE/ANL DOE/PNNL DOE/LLNL
NASA/NCCS

(not all shown)

R

ESGF data nodes and its web access

*:
additional

participants China Ireland

| —
® o —
Japan Norway

|

g |

Canada

ussia
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Modeling Climate Under Future Possible Change Scenarios

http://www.ucar.edu/new https://en.wikipedia.org/wiki/Climate_model
ures/climatechange/ccsm-

text.jsp

- History 'RCPs ECPs
Schematic for Global ' : - ' |
= 12+ -
Atmospheric Model T
high greenhouse gas
| Horizontal Grid (Latitude-Longitude) __10- T e [Evalk
o~
£
I Vertical Grid (Height or Pressure) = 8 ~85W/m? — -/ -
= 8¢
=
I~ RCP6
L. L 6+ ~60W/m === = e s
B Eoe ing Heat o e
Transiton from > SCP6to4.5
souhv-p: _— g e RCP4.5
Stratus Clouds Vaporative; ~4.5 n WA
de.w;:.tnEwn::vy - '6 4 - 4.5 W/ 2by =
Clouds ]
oc ~30W/m? - — - = S~ — — - - SCP4.5to3PD RCP4.5;
2 - stabilization scenario
0

1800 1900 2000 2100 2200 2300 2400 250
(Meinshausen et al. 2011)
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World-wide Climate Data Archive

’ A /ﬁ,f““
arth System Grid Federation

+ Data standardization,
which open door to

Climate Model Inter-comparison

. . )al
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Modes of variability: NAO

ation

North Atlantic Oscill

Fositive

Associated
SST Patterns
(~12-14 yr period)

~&._ Enhanced

°

personal.umich.edu/~auraell/precipitation/pages/

S/—p\’\'\TmUQh Image from: http://www-
85w
o B SRR B i NAO.html

55W adw 25W
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Observation

(a) Observed PC1: NAM (DJF)

104 TC_E20C (1 vs 2)=0.95 TC_L20C (1 vs 2)=0.99 | — 1) HadSLP2r
vs 3)=0.94 1 vs 3)=0.99
5 2 vs 3)=0.94 2 3)=1.00 | — 2) 20CRx
O-MW‘W’\/\;\/‘WWV\/"\MM — 3 e
51
-104 TC_full_period, (1 vs 2)=0.97, (1 vs 3)=0.95, (2 vs 3)=0.96

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

(b) NAO, DJF ,
a5 . OBS mode PC1 STD Comparison, 1979-2010

104 TC_E20C (1 vs 2 TC_L20C (1 vs 2)=0.99
1 1 vs 3)=0.99
=1.00

54 2 vs 3)=0. 2 3
o
2.0 - -
_5_
-10 TC_full_period, (1 vs 2)=0.98, (1 vs 3)=0.96, (2 vs 3)=0.98
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 s
O 15- B
(c) SAM, JJA :
TC_L20C (1 vs 2)=0.90 o
1 vs 3)=0.89 = 1.0 - -
0.5 - )
-10 TC_full_period, (1 vs 2)=0.80, (1 vs 3)=0.66, (2 vs 3)=0.67
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 llII
(d) PNA, DJF S 0 teos maos raon mara
o~ c o (= o~ . . c
a U o = a U o = a U o = a U o = - N =
I TC_E20C (1 vs 2)=0.91 TC_L20C (1 vs 2)=0.99 J o o < J 9 o < J o o< J o o< S s U<
109 7%= §1vs3§=0,89 - §1v53§=0<98 2FE o9y 29z LzEHE LLEE
5 2 vs 3)=0.91 2 vs 3)=0.99 © w Yo~ O w W o~ © w W~ © g W — n v -~ -~
I 5~ u I &~ uw I 7> T 3~ « T © O O
0 ~ e ~ w A ~ w = -~ ~ < = T © O QO
w = o < U-SE‘\ w0 < < s 2= I T aoa
_5 DE\E 0% =0 oz - « S 2 = = =
-z =g ~Z2 0 < \mgnz_ Ewgg 88
-10 TC_full_period, (1 vs 2)=0.94, (1 vs 3)=0.91, (2 vs 3)=0.93 z g = Q g = % e x n a a
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 = =
Mode / (Season) / OBS
(e) PDO, monthly
TC_E20C (1 vs 2)=0.89 TC_L20C (1 vs 2)=0.98 | — 1) HadISSTv1.1x
1 1 vs 3)=0.83 1 vs 3)=0.98
2 vs 3)=0.89 2 vs 3)=0.98 |~ 2) HadISsTv2.1
ol — 3) ERSST
- TC_full_period, (1 vs 2)=0.93, (1 vs 3)=0.90, (2 vs 3)=0.93
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
Year
Lawrence Livermore National Laboratory N I 50

LLNL-PRES-735001 National Nuclear Security Administration



Software Development

Python (free of H/W System powman” 1) SENENHEMM
dependency) =,

d Variabl
2
,_
b 4

Observed Variables

= Built over:
— PCMDI Metrics Package (PMP)
— UV-CDAT
— EOFs (Dawson 2016)

nnnnnnnnnnnnnn

os
IS | Better

$ % 5 5 % 5 5 5 5 5 &

JIR Climate Model Versions

Open source (Github)

Gleckler, P. J., C. Doutriaux, P. J. Durack, K. E. Taylor, Y. Zhang, D. N.
Williams, E. Mason, and J. Servonnat (2016), A more powerful reality test for
climate models, Eos, 97, doi:10.1029/2016EO0051663. Published on 3 May

Reusable code 2016
— user friendly designed
— self-describing documentation

q . 4l
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Python EOFs Library

Sourroiot Dawson, A 2016 eofs: A Library for EOF Analysis of Meteorological,
openresearch software Oceanographic, and Climate Data. Journal of Open Research
Software, 4: e14, DOI: http://dxdoi.org/10.5334/jors122

SOFTWARE METAPAPER

= High-level interface for
. « o eofs: A Library for EOF Analysis of Meteorological,
CO m p u tl n g e m p I rl Ca I Oceanographic, and Climate Data eOfSEOF analysis

Andrew Dawson' W Pyth ol
* Atmospheric, Oceanic & Planetary Physics, Department of Physics, University of
andrew.dawson@physics.oxacuk

orthogonal functions (EOFs pS———

(EOFs) and related quantities, with a focus on correctness and eas/
amodular hierarchical fashion, allowing computations using plain ar

home | search | Examples » Standard interface exam, previous | next | index

eofsv1.1.0

El Nifio
(sou Table of Contents.

. . software provides a convenient package for users wanting to perf EOF1 expressed as correlation
a n d re I a t e d q l l a n t I t I e S grates with popular libraries from atmospheric and climate science
y EOF analysis; 8y: Oc Climate; Pyl
(1) Overview a time-series ¢ Previous topic
Introduction longitude grid. North Atantc Osclaos

Data sets in meteorology, oceanography, and climate data to accour
are typically very large, containing data covering large ~ cells due to col
spatial areas, observed or modelled over long periods of must then be
time. Studying variability in these data sets can be chal- and care taken
lenging, with coherent modes of large-scale spatial and  of an oceanog
temporal variability in the atmosphere-ocean system ance matrix ca
hidden amongst the noise of smaller scale physical pro- s the (possib
cesses. An often used technique for examining large-scale  matrix. In orde Quick search
patterns of variability in such data sets is the analysis of ~sary to undo tl
empirical orthogonal functions (EOFs) [1]. Decomposing  eigenvectors v
a complex data set varying in time and space into a set  inserting any r Enter search terms o 3 module,
of EOFs and associated principal component time series ~tions, and weig cass o function rame.
(PCs) can allow insight into the most dominant modes of ~one will not ju:
spatial variability, for example El Nifio, one of the leading  also in other di
modes of climate variability, is often characterised by the associated with
first EOF and PC of sea surface temperature in the tropical ~ onto the EOFs
Pacific [2]. tion procedure
The EOFs and PCs of a data set describe a new basis, and great care
where instead of a series of spatial observations varying tion of these p
in time, the data set is represented as a set of fixed spa- of each quantil
tial patterns or modes, which represent agiven amount of  There are ex
the total variance in the data set, and a set of time series computing EC
describing how each pattern changes with time. In typi-  type of data ai
cal applications the first few EOFs account for a large por-  using un-publi
tion of the total variance, allowing the study of one or two  EOF analysis a -
modes to give insight into the variability present in the procedures to
data set. The method of analysis is purely mathematical ~that cannot at
and does not depend on any physical properties of the the analysis o 1970 1980 1990 2000 2010
quantity being analysed. for keeping tr e
The process of computing and analysing EOFs and of the major
related structures is non-trivial, and highly error prone. eofs was to res
For example, consider the computation of EOFs from object-orientec

Next topic

This Page

Show Source

3
correlation coefficient

Go

PC1 Time Series

J\ﬂAW\A/W Ml
v V VVV

Normalized Units

Compute and plot the Lead
central ond northern

surfoce tesperature 1 the
ng winter ¢

a

The spattal pattern of this EOF is the cononicol EL Nino pottern, ond

the assoctated tine series shows Lorge peaks ond troughs for weli-known
EL Wino ond La Kina events

This example uses the platn nuspy interface

Dawson, A., (2016). eofs: A Library for EOF Analysis of Meteorological, .. ...
Oceanographic, and Climate Data. Journal of Open Research Software. TR

import nunpy as np

4(1), p.e14. DOI: http://doi.org/10.5334/jors.122 e

# Reag SST anomaLtes using the netCDFS modute.

SST anonaty tn the.
athsst_ndjes. anom.nc’)
)
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Empirical Orthogonal Function (EOF) analysis

 Fourier
Transform:
\¥
f\
I l|
| \
\J |
N |
\ | .
|
http://tex.stackexchange.com/questions/127375/replicate-the-fourier-
transform-time-frequency-domains-correspondence-illustrati
- EOF:

- Similar concept to FT, but separates modes based
on orthogonality
- It is more useful when time series has “jumps” in it
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Loop through all CMIP5 simulations.. (e.g. NAO)

NAO: obs
1989-2005 DJF 45.3%

NAO: ACCESS1-0 (rlilp1)
1900-2005 DJF 35.3%

NAO: ACCESS1-0 (12i1p1)
1900-2005 DJF 39.9%

NAO: ACCESS1-3 (rlilp1)
1900-2005 DJF 36.4%

NAO: ACCESS1-3 (12i1p1)
1900-2005 DJF 37.5%

NAO: ACCESS1-3 (13ilp1)
1900-2005 DJF 36.2%

“Observation

NAO: bee-csml-1-m (rlilp1)
1900-2005 DJF 38.3%

NAO: BNU-ESM (r1i1p1)
1900-2005 DJF 46.1%

NAO: bece-csmi-1-m (r2ilp1)

1900-2005 DJF 37.7%

NAO: CanCM4 (r10ilp1)
1900-2005 DJF 47.3%

NAO: bee-csm1-1-m (13ilp1)

1900-2005 DJF 41.7%

NAO: CanCM4 (rlilpl)
1900-2005 DJF 55.9%

NAO: bee-csml-1 (rlilpl)

1900-2005 DJF 39.4%

NAO: CanCM4 (r2i1p1)
1900-2005 DJF 53.8%

NAO: bee-csml-1 (r2ilp1)

1900-2005 DJF 41.9%

NAO: CanCM4 (13ilp1)
1900-2005 DJF 56.3%

NAO: bee-csml-1 (13ilp1)

1900-2005 DJF 42.0%

NAO: CanCM4 (r4ilp1)
1900-2005 DJF 47.8%

5 modes, 4 seasons, about 45 models with all available realizations (1~25 per model), various type of plots;
=~ 13,000 images at the end...
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Database Construction

= Browsing available
web-like navigation

= Statistics based Interactive plots

( mp[d3 Library)

= Starting version for PCMDI web
service

oo CMIPS Mode of variabity % |
¢ . s v1.2_bookmark] ¢ | Q search
Home NAM NAO SAM PNA PDO
NAM: DJF
Below scatter plot is interactive. Zooming inlout and clicking dots are available!
25 NAM_DJF_cor_rms
Regression slope =-4.43
2.04
@
2 151
1.04
05 T T T v J
05 06 0.7 08 0.9 1.0
COR

Nore

1 ACCESS1.0
2ACCESSI
beecsml-1
Abec-csml-l-m
SBNU-ESM
6CancMt

7 CankSM2
scesms
9CESMI-BGC

10 CESMI.CAMS.
11 CESMI-FASTCHEM
12 CESMI-WACCM
13 CMCC-CESM

15 emec-em
1semecems

16 CNRM.CMS
17CNRM.CMS2
18 CSIRO-MIA-60
19 EC-EARTH
20FGOALS 52

21 FGOALS <2
2FI0-ESM

2 fiocsm

20 GISS-E2H-CC
0 GISSE2R

31 GISSE2R-CC
32 HadoM3

33 HadGEM2-AQ
34 HadGEM2-CC
35 HadGEM2-ES

36 inmend
37 IPSLCMSALR

38 IPSLCMSAMR

30 IPSLCMSBLR

40 MIROC-ESM.

41 MIROC-ESM-CHEM
42 MIROCAh
43MIROCS

44 MPLESMLR

45 MPLESM-MR

46 MPLESM-P

47 NorESMIM
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EOF mode swapping: NAM, DJF

= NAM in MIROCS (r2i1p1)

NAM: MIROCS (r2i1p1)

NAM: MIROCS (r2i1p1) - pseudo
1900-2005 DJF 20.0%

1900-2005 DJF 20.1%

NAM: MIROCS (r2i1p1)
1900-2005 DJF 22.6%

(a) CBF - . (b) EOF1 (c)EOF2 =
//. \ m»./_i N\
voow/ m e
- :g:[;? ¢ T WQ e
4. /
\ =
\\ - W/
20W
PSS '\ e s s a4 s

(e) PCS

3

[ PC Time Series ] NAM DJF: MIROCS r2ilpl

2

o

A A | /

-2

EOF1 PC (tcor=0.48) —— EOF2 PC (tcor=0.85) EOF3 PC (tcor=0.0)

1920 1940 1960 1980

= CBF-PC

A W

NAM: MIROCS (r2i1p1)
(d) EOF3 1900-2005 DJF 9.0%

T —
A N

2000
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EOF mode swapping and CBF: PNA Example

PNA: Pacific North American Pattern

\ (20CR, SLP) /

PNA: CNRM-CMS (rlilp1) - CBF
(a) CBF 1900-2005 DJF 28.9%

G G Gb Gb GO GP GP GP Gb GD Gb GD G» a» -
PN1A9:0 %%ﬁ"s%bjips 3(5121 {ﬂ) ' PNA: CNRM-CMS (r1ilp1) \ PNA: CNRM-CMS5 (r1ilp1)
- ! 1900-2005 DJF 28.3% 19002005 DJF 9.9%
(b) EOF1 - (c) EOF2 {a) EOF3

Soeoeocooaoaooaooaoaee

Best
Matching:

2 W1, ‘ { EO

O I'. " . ‘.‘1 \‘.‘
A ‘\/ an il "Hv"f,\ A

[ PC Time Series ] PNA DJF: CNRM-CM5 rlilpl

= CBF-PC EOF1 PC (tcor=0.46) —— EOF2 PC (tcor=0.88) EOF3 PC (tcor=0.1)

1920 1940 1960 1980 2000

J
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CBF vs. EOF swapping

PDO

= CBF has better
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Pattern (RMSE) — Unit variance map

Performance Diagnostics

RMS using CBF approach with 20CR vs ERA20C 1900-2005 (Unit Variance Map)
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Amplitude comparison for CBF

Markers: Average of all seasons and realizations per model
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