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Objective: Routine Evaluation of Models

= CMIP has collected a massive |
volume of climate model output CMIP Data archived in ESGF@

. 1£20 CMIP5 CMIP6
1l 1.8 PB :
= To have a better understanding of ‘ NP3 ~ 100 PB?
model uncertainties and ol ez H 28 >
performance, it is important to s s0068 | e (@)
1E+13 1GB
o A

evaluate models routinely in a
systematic and collective way

e e

1E+10 CMIP3: (35 TB of data) }
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= PCMDI/LLNL is developing a metrics L Y
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package (the PMP) to more directly Year
contribute to model development (Williams et al. 2015, BAMS)
(via quick feedback)
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Background (1): Modes of Variability

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
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Background (2): 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
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Datasets

= CMIP5 Models

a/CMIP5
— Models: 180 historical simulations (45 models with their realizations) WQRP“;
— Time window: 1900-2005 (except SAM: 1956-2005)

A‘ R \‘
— Variables: 1) Sea level pressure (SLP): Seasonal anomalies EESSGGE@

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
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Conventional EOF Approach

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

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
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Approach1 ceco Approach2 coo

EOF mode swapping (1): Example

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%

VW T

V4
Nl
]
I B }
]
]
]
]
]
1L
0|
]
]
]
]
]
\

Model \

Best matching:

/ EOF2

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

T

\------’

The leading OBS EOF corresponds best to model’s 2" EOF mode
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PNA, DJF

Background oo

EOF mode swapping (2)
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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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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

D‘l
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Approach1 cooco

Approach2 eco

Results oocoo Summary o

Common Basis Function (CBF) Approach

Model’s anomaly field

OBS leading EOF pattern

I ———— T——

(1) Projection

(2) Linear Regression

Model’s CBF PC time series

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
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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%
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NAM: Northern Annular Mode

\ " (20CR, SLP) / \ e ) e —

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

= CBF-PC —— EOF2 PC (TCOR=0.85)
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CBF PC corresponds to PC of -

H 1920 1940 1960 1980 2000
best-matching EOF mode Year
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Summary o

Results cooo

CBF

- EOF swapped
Averaged across realizations

N\ S- :
A )
National Nuclear Security Administratiol

ith

Ir comparison w

skill is better than indicated
by conventional EOF

analysis

observations than the
conventional EOF

fa

Approach2 coe

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

CBF vs. EOF swapping
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Objective o

Performance Diagnostics (1): Pattern + Amplitude

Background oo

Dataset o

Approach1 cooo

Approach2 ooco

Results ecoo

PDO

RMSE (Normalized by median value)

Monthly
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oo Median

% Relatively
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More Models

GISs

MPI-ESM  |NorESM1

IPSL MIROC
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Performance Diagnostics (2): Amplitude

Background oo

Dataset o

Approach1 cooco

Approach2 ooo Results ceco

Summary o

& IVI\{VJ

& Model CBF PC )
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.\,%OVZT Vs

Year
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Monthly
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JJA
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Monthly
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Ratio of PC STDVs: Model/OBS
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Seasonal Variation

—O0BS1 (20CR)

’ Dominant HeelE — 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
CESM1-BGC
CESM1-CAM5
CESM1-FASTCHEM
CESM1-WACCM
CMCC-CESM
CMCC-CM
CMCC-CMS
CNRM-CM5
CNRM-CM5-2
CSIRO-Mk3-6-0
EC-EARTH
FGOALS-g2
FGOALS-s2
FIO-ESM
GFDL-CM2p1
GFDL-CM3
GFDL-ESM2G
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

All modes All modes

Dominant Season All Seasons
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660
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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 CBF reveals that model skill is better than indicated by conventional EOF analysis,
even with swapping

= Qur results are relatively insensitive to sampling, observations, and processing choices
= 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

. . ,‘<l
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Extra Back-up Slides
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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+ -
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high greenhouse gas
| Horizontal Grid (Latitude-Longitude) __10- T e [Evalk
o~
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=
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L. L 6+ ~60W/m === = e s
B Eoe ing Heat o e
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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;
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(Meinshausen et al. 2011)
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Climate Model Inter-comparison

Sources of uncertainty in projected global mean temperature

5 T T T T T T T T T T T T T T C M | P5
—— Observations (3 datasets) WG R P @
4.5 I Internal variability e 4

al B Viodel spread World Climate Research Programme
B RCP scenario spread
[ IHistorical model spread

3.5 » Coupled Model Intercomparison

Project Phase 5 (CMIP5)

2.5

1.5

Schematic for Global
Atmospheric Model

‘ Horizontal Grid (Latitude-Longitude)

Solar

Temperature change relative to 1986-2005 [K]
N

Hawkins and Sutton (2011)

-
T

- 1 1 1 1 1 1 1 1 1 1 1 1 1 1 "" )
1960 1980 2000 2020 2040 2060 2080 2100
Year

http:/www.ucar.edu https:/en.wikipedia.org/wiki/Climate_model
slfeatures/climatechang "
elccsm-text.jsp
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World-wide Climate Data Archive

.‘,‘h 42 ’4!’;1"3
arth System Grid Federation

+ Data standardization,
which open door to

Climate Model Inter-comparison

Lawrence Livermore National Laboratory
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Modes of variability (1)

NAM: obs : NOAA-CIRES_20CR

PNA: obs: NOAA-CIRES_20CR ]900-2005MPJF 27.2%
il

1900-2005 DJF 35.8%

AO /NAM—__
PNA

ENSO

SAM

NAM: Northern Annular Mode
(20CR, SLP)

PNA: Pacific North American Pa3
(20CR, SLP)

iern

PDO: obs: HadISSTv1.1
1900-2005 monthly 25.8%

SAM: obs : NOAA-CIRES_20CR
1955-20050JJA 32.2%

NAO: obs: NOAA-CIRES_20CR
1900-2005 DJF 41.9%

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

. . ’Ql
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Modes of variability (2): NAO

on

o

at

North Atlantic Oscill

Fositive

Associated
5 SST Patterns
(~12-14 yr period)

20€

~&._ Enhanced

°

'MN\\'\TrOUQh Image from: http://www-
okl Sl personal.umich.edu/~auraell/precipitation/pages/
P R T NAO.html
55W 4dw‘ ey
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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
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a5 . OBS mode PC1 STD Comparison, 1979-2010
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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 &5~ uw I 5w T 3~ « T © O O
0 ~ e ~ w A ~ w = -~ ~ < = T © O QO
w = o < u.SE‘\ w 70 < < s == I I a a
_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
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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

. . al
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Ultra-scale Visualization Climate Data Analysis Tools
(UV-CDAT)

= CDMS (Climate Data Management System)
— Handle multi-dimensional climate variables

= VVCS Graphics Module

Zonal Wind (m/s) wavie a0a0
ansfer

o v D@L e R RELELCNL @I P L smecmn 14

v(2,90,97)

Caleulator T
1124351560974 24351162556
24351303101 .. 2351515775

24351525879 243.51535034]
(24389750671 24389183044
24389442644 ., 243.85858191

24389216614 243896696 |
124412406921 24412066211
24412910461 _. 24410774231

24411012268 244.11984253]

(20227850045 26227638245
24225920105 .., 24226036072
24226329041 242.27088928]

Plots and... B8

UVENCOAT

Gl e o [

R L [
N S B T i e
[CPeE [ N I

e s 211 01 2 e
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Python EOFs Library

Sourroiot Dmuson, A 2016 eots: A Libary for EOF Arelylsof Metecroogical
open research 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 pl rl Ca I Oceanographic, and Climate Data eofSE,f’Syat?,?,'Xs's

Andrew Dawson'
* Atmospheric, Oceanic & P\anetaly Physics, Department of Physics, University of
andrew.dawson@physics.ox.acul

home | search | Examples » Standard interface examples » previous | next | index

[E

orthogonal functions (EOFs e —————rL

Table of Contents.

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

. . 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 I 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 AtantcOsclation

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 t|
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 2
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 ﬂ /\/\

Next topic

This Page

Show Source

3
correlation coefficient

Go

PC1 Time Series

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 a given 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

Normalized Units

Compute and plot the Leadt
central ond northern

of sea surface temperature 1n the
ng winter ¢

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, "G ...
Oceanographic, and Climate Data. Journal of Open Research Software. B

irport. nunpy

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

* #ead SST ancmaes using the necCOS modate, The file contolns

28

wfl
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Empirical Orthogonal Function (EOF) analysis

 Fourier
Transform:
\¥
f\
l \
| ln
“\ |
' | .
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

. . ’Q i
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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

®O® /' cwpsmodeotvariaviity  x \

= Browsing available or o —

Home NAM NAO SAM PNA PDO

web-like navigation N

Below scatter plot is interactive. Zooming inlout and clicking dots are available!

25 NAM_DIF_cor_rms
B 1 ACCESS1-0
2 accessia
i
Sheccsml-tm

Regression slope =-4.43

SBNU-ESM
6CancMt

7 CankSM2
scesms
9CESMI-BGC

10 CESMI.CAMS.

= Statistics based Interactive plots

( mp[d3 Library)

1semecems
16 CNRM.CMS
17CNRM.CMS2
18 CSIRO-MIA-60
19 EC-EARTH
20FGOALS-£2
21 FGOALS <2
2FI0-ESM

2 fiocsm

2 GFDL-CM2p1
25 GFDL.CM3

26 GFDL-ESM2G
27 GRDL-ESM2M
2 CISSE2H

20 GISS-E2H-CC
0 GISSE2R

31 GISSE2R-CC
32 HadoM3

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

= Starting version for PCMDI web N =

41 MIROC-ESM-CHEM
42MIROCS

o
service
LR

COR 45 MPLESM-MR

46 MPLESM-P
47 NorESMIM

Nore
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EOF mode swapping: NAM, DJF

= NAM in MIROCS (r2i1p1)

NAM: MIROCS (r2i1p1)

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

NAM: mgzoo%%s(%i J1 ?; % -ﬁ:eudo NAM: MIROCS (r2i1p1)
(a) CBF . (b) EOF1 1900-2005 DJF 22.6% (c) EOF2 1900-2005 EJF 20.0% (d) EOF3 HEBID
' Pl S ==z
- \ /- = |
- e o/ gD - \
M S ia's Aw—\,%..fjg\ﬁf”’%f‘
Wm (L ot ow) a)’; n 5 ot
3 ?/\.\F‘j % t ?_, % s ; t
¥ & S &
A S /L A @ & S
‘\\ - A \ — ;//j?ir:’)"%“’ /
o~ % N__,/{’
P TR S S S S S S S R S R SN S S
e) PCS
( ) [ PC Time Series ] NAM DJF: MIROCS r2ilpl

3

2

-2

QR—T
1920

.‘// \’ \/ J M
: \

EOF1 PC (tcor=0.48)

‘\ b A
‘/\V\ [ ,V\“‘\

EOF3 PC (tcor=0.0)
1980

d

—— EOF2 PC (tcor=0.85)
1960

1940 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%

Model

= CBF-PC

PNA: CNRM-CMS (r1ilp1)
1900-2005 DJF 32.4%

EOF1 PC (tcor=0.46)

1920

W AM L VS AL
an Wl "“,"K,\ i

G G G G G G G G G G G -G G -G ey
PNA: CNRM-CMS (rlilp1) \ PNA: CNRM-CMS (rlilp1)
1900-2005 DJF 28.3% 1900-2005 DJF 9.9%
(c) EOF2 {a) EOF3

Soeoeocooaoaooaooaoaee

\--------------‘

Best
Matching:

( EOF

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

~—— EOF2 PC (tcor=0.88) EOF3 PC (tcor=0.1)

1940 1960 1980 2000

J
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CBF vs. EOF swapping

PDO

= CBF has better
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Multi-real Ave of statistics given from CBF approach
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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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