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An automated analysis tool and
data repository for exploring
forced and internal components
of climate variability and change.
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Initial-condition Large Ensembles

nature 30 March 2020 PERSPECTIVE

climate Change Deser et al. https://doi.org/10.1038/541558-020-0731-2

"') Check for updates

US CLIVAR Working Group on Large Ensembles
Insights from Earth system model initial-condition

large ensembles and future prospects

C. Deser®'2X F, Lehner®'? K. B. Rodgers?*#, T. Ault**, T. L. Delworth?5, P. N. DiNezio ©?%’,
A. Fiore®28, C. Frankignoul®®, J. C. Fyfe ®2', D. E. Horton ©2", J, E. Kay® 2213, R, Knutti©2,
N. S. Lovenduski©2'?%, J, Marotzke ©2%'6, K. A. McKinnon?", S. Minobe ©®2%%, J. Randerson®3°,
J. A. Screen©?%, |, R. Simpson ©"? and M. Ting ®2®

What are they? Why are they useful?

How large do they need to be?

How are they best designed?

Emerging applications and future directions?
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The CESM1 Large Ensemble Project

A

Historical & RCP8.5

Year 401 radiative forcing
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1850 control 1920

40 simulations
(parallel worlds)

2100

Different atmospheric initial states Perturbed by order 104K
Same ocean, ice & land initial states (1Jan 1920)




Internal climate

variability
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Year 401 radiative forcing N . |
) 40 simulations
1850 control 1920 (parallel worlds)

2100

Different atmospheric initial states Perturbed by order 104K
Same ocean, ice & land initial states (1Jan 1920)




Internal climate

variability
Historical & RCP8.5
Year 401 radiative forcing ) . |
) 40 simulations
1850 control 1920 (parallel worlds)

2100
spread is not predictable! (beyond ~ 10 years)

Different atmospheric initial states Perturbed by order 104K
Same ocean, ice & land initial states (1Jan 1920)




MULTI-MODEL LARGE ENSEMBLE
ARCHIVE (MMLEA)

US CLIVAR Working Group on Large Ensembles
(Flavio Lehner)

7 CMIP5 models
(10 CMIP6 models)

Soonggrgdbv
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https://www.cesm.ucar.edu/projects/community-projects/MMLEA/
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Like the original CVDP

e Computes modes of variability, trends, and climate indices.
 All output saved to a data repository for later use.
 User specifies the data sets (models & observations).

New for the CVDP-LE

e Computes ensemble mean and ensemble spread.
 Quantitative comparison to observations (rank metrics).
e Comprehensive User’s Guide.
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Tutorial and teaching resource
User’s Guide (35 pages)

 Background on internal climate variability

e Utility of Large Ensembles

 Diagnostics and metrics (fully referenced)

e Treatment of observational uncertainty

 Two views: Ensemble Summary vs. Individual Members
* Interpretation of plots and metrics

 Best practices and tips for applying the package
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|\ Phillips, A. S., C. Deser, J Fasullo, D. P. Schneider and I. R. Simpson, 2020: Assessing Climate Variability

and Change in Model Large Ensembles: A User’s Guide to the “Climate Variability Diagnostics
l Package for Large Ensembles”, doi:10.5065/h7c7-f961

Tutorial and teaching resource
User’s Guide (35 pages)

 Background on internal climate variability

e Utility of Large Ensembles

 Diagnostics and metrics (fully referenced)

e Treatment of observational uncertainty

 Two views: Ensemble Summary vs. Individual Members
* Interpretation of plots and metrics

 Best practices and tips for applying the package
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 QOverview of the development process
 Technical guidance
* Webpage and data repository

Clara
* Interpretation of plots and metrics
* Application to the CMIP5 and CMIP6 archives



Feb 2019-present, started w/CVDP codebase

Overriding development requirement:

Ease of use

Implemented feature requests (subset):

Allow user to specify unlimited number of observations/simulations
Allow different time periods for each input dataset

Allow missing model data

Compute pattern correlations

Allow different units, grids and variable names

Compute the % of time observations falls within model spread
Allow no observations

Allow different number of ensemble members

Form differences, no matter the grid

Display number of valid members per ensemble

Provide clear error messages

Package should avoid erroring out

Titles/statistics should rarely overlap one another

Modularize as much as it makes sense to do so

Comment the code extensively

Provide documentation and written directions on adding a metric
Output graphics should be publication quality

Add consistent titles and statistics to each plot

Calculate ensemble metrics, and show via graphics

Output all calculations (including ensemble means) to netCDF files



Metrics
- 28,000 lines of code, 26 scripts, ~30 new functions, ~1000 plots produced
- New website, new User’s Guide, new readme file
- 250 run MMLEA 1950-2018 comparison took 12 hours w/parallelization
384 run CMIP6 Historical 1900-2014 comparison took 18 hours
38 member CESM Control Comparison (100yr each) took 9 hours

Coded in NCL
- Why on earth was NCL used; wasn’t NCL developed in the 90’s?

Highlighted Coding Improvements/Additions

- Model file identification coding script completely rewritten.

- Ensemble graphics/metrics + biases from observations are calculated.
- Data only mode.

- Code is highly modularized; calculations separated from graphics.
Modularity makes it easier to strip code out for outside applications.

- Package will read in previously created metrics to save time.

Ensemble Summary: Nino3.4 Standard Deviation (Monthly)

MIROCG6 1900-2014 (50 Members)
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e Similar to the CVDP, 3 text files need to be set up for CVDP-LE to run:
driver.ncl script (sets options)
namelist (set paths of simulations)
namelist_obs (sets specific observations to be used)

e Software requirements: NCL, python and Image Magick.

* Analyzes monthly CESM/CMIP timeseries files.



Running the CVDP-LE

driver.ncl

outdir = "/project/diagnostics/external/Multi-Case/CVDP-LE/Benchmark/" ; location of output files (must end in a “/")

namelists _only

obs
create graphics

colormap =
output_type =

png_scale =

webpage_title

tar_output =

I
-
ol
=
w
©

“MMLEA 1950-2099"

"False"

; True
; True

; It is recommended that a new or empty directory be pointed to here
; as existing files in outdir can get removed.

; Set to True to only create the variable namelists. Useful

; upon running the package for the first time to verify that the correct

; Tiles are being selected by the package. (See files in namelist byvar/ directory)
; Set to False to run the entire package.

analyze and plot observations (specified in namelist obs), False = do not.
create graphics from calculation results, False = only perform calculations and create netCDF files.

; 0 = default colormaps, 1 = colormaps better for color blindness
; png = create png files, ps = create ps files as well as png files (for web viewing).

; Set the output .png size. Value between .1-=5. Any value > 1 (= 1) increases (decreases) png size.
; When output_type = "png" a value of 1 will result in a png sized 1500 (H) x 1500 (W) before automatic cropping of white space
; When output type = "ps" a value of 1 will result in a png density setting of 144 before automatic cropping of white space

; Set webpage title

; True = tar up all output in outdir and remove individual files, False = do not
; Note: ALL files in outdir will be tarred up and then removed from the outdir directory.

;---Advanced Options------------------------ oo

zp = "ncl_scripts/"

¥

¥

¥

r

; directory path of

CVDP NCL scripts. (must end in a "/")
; Examples: "ncl _scripts/" if all code is local, or on CGD or CISL systems: "~asphilli/CESM-diagnostics/CVDP-LE/Release/v1.0.0/ncl_scripts/"
; Regardless of this setting the following files should be in one directory: namelist, driver.ncl, and namelist obs.

; If pointing to code in ~asphilli make sure the driver script wversion #s match between this script and the script in ~asphilli.



namelist

ACCESS-ESM1-5 rlilplfl | /project/data/cmip6/historical/{Amon,SImon,Omon}/*/ACCESS-ESM1-5/rl1ilplfl/gn/
ACCESS-ESM1-5 r2ilplfl | /project/data/cmip6/historical/{Amon,SImon,Omon}/*/ACCESS-ESM1-5/r2ilplfl/gn/
ACCESS-ESM1-5 r3ilplfl | /project/data/cmip6/historical/{Amon,SImon,Omon}/*/ACCESS-ESM1-5/r3ilplfl/gn/
ACCESS-ESM1-5 r4ilplfl | /project/data/cmip6/historical/{Amon,SImon,Omon}/*/ACCESS-ESM1-5/r4ilplfl/gn/
ACCESS-ESM1-5 r5ilplfl | /project/data/cmip6/historical/{Amon,SImon,Omon}/*/ACCESS-ESM1-5/r5il1plfl/gn/
ACCESS-ESM1-5 r6ilplfl | /project/data/cmip6/historical/{Amon,SImon,Omon}/*/ACCESS-ESM1-5/r6ilplfl/gn/
ACCESS-ESM1-5 r7ilplfl | /project/data/cmip6/historical/{Amon,SImon,Omon}/*/ACCESS-ESM1-5/r7ilplfl/gn/
ACCESS-ESM1-5 r8ilplfl | /project/data/cmip6/historical/{Amon,SImon,Omon}/*/ACCESS-ESM1-5/r8ilplfl/gn/
ACCESS-ESM1-5 r9ilplfl | /project/data/cmip6/historical/{Amon,SImon,Omon}/*/ACCESS-ESM1-5/r9ilplfl/gn/ |

ACCESS-ESM1-5

rl@ilplfl | /project/data/cmip6/historical/{Amon,SImon,Omon}/*/ACCESS-ESM1-5/r10ilplfl/gn/

new entry required: Identify the ensemble

| 1900
| 1900
| 1900
| 1900
| 1900
| 1900
| 1900
| 1900

| 19

1900 |

CanESM5 rl0ilplfl | /project/data/cmip6/historical/{Amon,SImon,Omon}/*/CanESM5/rl10ilplfl/gn/ | 1900 |
CanESM5 rl0ilp2fl | /project/data/cmip6/historical/{Amon,SImon,Omon}/*/CanESM5/rl10ilp2T1/gn/ | 1900 |
CanESM5 rl1lilplfl | /project/data/cmip6/historical/{Amon,SImon,Omon}/*/CanESM5/r1lilplfl/gn/ | 1900 |
CanESM5 rl1lilp2fl | /project/data/cmipb6/historical/{Amon,SImon,Omon}/*/CanESM5/r1l1ilp2t1/gn/ | 1900 |
CanESM5 rl12ilplfl | /project/data/cmipb6/historical/{Amon,SImon,Omon}/*/CanESM5/r12ilplfl/gn/ | 1900 |
CanESM5 rl12ilp2fl | /project/data/cmipb6/historical/{Amon,SImon,Omon}/*/CanESM5/r12ilp2T1/gn/ | 1900 |
CanESM5 rl13ilplfl | /project/data/cmipb6/historical/{Amon,SImon,Omon}/*/CanESM5/r13ilplfl/gn/ | 1900 |
CanESM5 rl13ilp2fl | /project/data/cmipb6/historical/{Amon,SImon,Omon}/*/CanESM5/r13ilp2t1/gn/ | 1900 |
CanESM5 rl4ilplfl | /project/data/cmipb6/historical/{Amon,SImon,Omon}/*/CanESM5/r14ilplfl/gn/ | 1900 |
CanESM5 rl4ilp2fl | /project/data/cmip6/historical/{Amon,S5Imon,Omon}/*/CanESM5/r14ilp2f1/gn/ | 1900 |

There are no restrictions on the number of models listed.

Ensemble sizes can be different, as can the analyzed years.

2014
2014
2014
2014
2014
2014
2014
2014
2014
2014

| 2014 |
| 2014 |
| 2014 |
| 2014 |
| 2014 |
| 2014 |
| 2014 |
| 2014 |
2014 |
00 | 2014
2-CanESM5
2-CanESM5
2-CanESM5
2-CanESM5
2-CanESM5
2-CanESM5
2-CanESM5
2-CanESM5
2-CanESM5
2-CanESM5

1-ACCESS-ESM1-5
1-ACCESS-ESM1-5
1-ACCESS-ESM1-5
1-ACCESS-ESM1-5
1-ACCESS-ESM1-5
1-ACCESS-ESM1-5
1-ACCESS-ESM1-5
1-ACCESS-ESM1-5
1-ACCESS-ESM1-5
| 1-ACCESS-ESM1-5



Running the CVDP-LE

namelist

CESM2.
CESM2.
CESM2.
CESM2.
CESM2.
CESM2.
CESM2.
CESM2.

P e e e e e

piControl
piControl
piControl
piControl
piControl
piControl
piControl
piControl

1201-1300
1301-1400
1401-1500
1501-1600
1601-1700
1701-1800
1801-1900
1901-2000

/project/mojave/cesm2/b.
/project/mojave/cesm2/b.
/project/mojave/cesm2/b.
/project/mojave/cesm2/b.
/project/mojave/cesm2/b.
/project/mojave/cesm2/b.
/project/mojave/cesm2/b.
/project/mojave/cesm2/b.

e2l.
e2l.
e2l.
e2l.
e2l.
e2l.
e2l.
e2l.

B1850.
B1850.
B1850.

B1850

B1850.
B1850.

B1850

B1850.

09 g17.
09 g17.
09 _g17.
.09 g17.
09 _g17.
09 _g17.
.09 g17.
09 _g17.

CMIP6-piControl
CMIP6-piControl
CMIP6-piControl

CMIP6-piControl
CMIP6-piControl

CMIP6-piControl

.001/{atm,ice,ocn}/month_1/*/
.001/{atm,ice,ocn}/month_1/*/
.001/{atm,ice,ocn}/month_1/*/
CMIP6-piControl.
.001/{atm,ice,ocn}/month_1/*/
.001/{atm,ice,ocn}/month_1/*/
CMIP6-piControl.
.001/{atm,ice,ocn}/month_1/*/

001/{atm,ice,ocn}/month_1/*/

001/{atm,ice,ocn}/month_1/*/

CESM1-LENS
CESM1-LENS
CESM1-LENS
CESM1-LENS
CESM1-LENS
CESM1-LENS
CESM1-LENS

piControl
piControl
piControl
piControl
piControl
piControl
piControl

1101-1200
1201-1300
1301-15600
1401-1500
1501-1600
1601-1700
1701-18600

/project/mojave/cesml/LENS/{atm,ice,ocn}/month_1/*/b
/project/mojave/cesml/LENS/{atm,ice,ocn}/month_1/*/b
/project/mojave/cesml/LENS/{atm,ice,ocn}/month_1/*/b
/project/mojave/cesml/LENS/{atm,ice,ocn}/month_1/*/b
/project/mojave/cesml/LENS/{atm,ice,ocn}/month_1/*/b
/project/mojave/cesml/LENS/{atm,ice,ocn}/month_1/*/b

/project/mojave/cesml/LENS/{atm,ice,ocn}/month_1/*/b.

.ell.
.ell.
.ell.
.ell.
.ell.
.ell.
ell.

B1850C5CN.
B1850C5CN.
B1850C5CN.
B1850C5CN.
B1850C5CN.
B1850C5CN.
B1850C5CN.

The same simulation can be specified multiple times.

09 g16.
09 g16.
09 g16.
09 _g16.
09 g16.
09 g16.
09 g16.

005*
005*
005*
005*
005*
005*
005*

1101
1201
1301
1401
1501
1601
1701

1201
1301
1401
1501
1601
1701
1801
1901

1200
1300
1400
1500
1600
1700
1800

1300
1400
1500
1600
1700
1800
1900
2000

1-CESM2
1-CESM2
1-CESM2
1-CESM2
1-CESM2
1-CESM2
1-CESM2
1-CESM2

2-CESM1
2-CESM1
2-CESM1

2-CESM1
2-CESM1
2-CESM1

I
I
I
| 2-CESM1
I
I
I



namelist_obs

TS | ERSST v5 | /project/cas/asphilli/DSets/ersstv5.185401-202012.nc | 1920 | 2019

PSL | ERA20C_ERA5 | /project/cas/asphilli/ECMWF_reanalysis_comb/era2@c_era5.mon.mean.ms1.190001-201912.nc | 1920 | 2019

TREFHT | BEST | /project/cas/asphilli/DSets/best.tas.185001-202003.nc | 1920 | 2019

PRECT | GPCC | /project/mojave/observations/0BS-PR/GPCC/gpcc.pr.10.comb_v2018vémon.189101-201912.nc | 1920 | 2019

aice nh | NASA CDR NH | /project/cas/asphilli/NSIDC/seaice conc_monthly nh NOAA NSIDC CDR.v03r01.197811-201702.nc | 1979 | 2016

aice " sh | NASA Bootstrap SH | /project/cas/asphilli/NSIDC/seaice conc monthly sh NASA _Bootstrap.nsidc.v03r01.197811-201702.nc | 1979 | 2016

MOC | CESM1 Forced Ocean Simulation | /project/yampa02/asphilli/cesml/CESML. 1_DP1gens/g ell LENS.GECOIAF.T62 gl6.009.pop.h.MOC.194801-201512.nc | 1950 | 2015

TS | HadISST | /project/mojave/observations/0BS-S5T/hadisst.187001-201912.nc | 1920 | 2019

PSL | CERA20C ERA5 | /project/cas/asphilli/ECMWF reanalysis comb/cera20c_era5.mon.mean.ms1.190101-201912.nc | 1920 | 2019

TREFHT | GISTEMP | /project/mojave/observations/0BS-TAS/gistemp.tas.188001-202012.nc | 1920 | 2019

PRECT | GPCC | /project/mojave/observations/0BS-PR/GPCC/gpcc.pr.10.comb_v2018v6mon.189101-201912.nc | 1920 | 2019

aice nh | NASA CDR NH | /project/cas/asphilli/NSIDC/seaice_conc_monthly nh_NOAA NSIDC CDR.v03r01.197811-201702.nc | 1979 | 2016

aice_sh | NASA Bootstrap SH | /project/cas/asphilli/NSIDC/seaice conc monthly sh NASA _Bootstrap.nsidc.v03r01.197811-201702.nc | 1979 | 2016

MOC | CESM1 Forced Ocean Simulation | /project/yampa®2/asphilli/cesml/CESM1.1 DPlgens/g ell LENS.GECOIAF.T62 gl6.009.pop.h.MOC.194801-201512.nc | 1950 | 2015

TS | ERSST v5 | /project/cas/asphilli/DSets/ersstv5.185401-202012.nc | 1979 | 2019

PSL | ERA20C_ERA5 | /project/cas/asphilli/ECMWF_reanalysis_comb/era2@c_era5.mon.mean.ms1.190001-201912.nc | 1979 | 2019
TREFHT | BEST | /project/cas/asphilli/DSets/best.tas.185001-202003.nc | 1979 | 2019

There are no restrictions on the number of observations listed



Running the CVDP-LE

SO Pattern (DJF)

ERA20C_ERAS
v,

1900-2014

* To submit the package: “ncl driver.ncl”

* Can be run on any machine that has NCL, Image
Magick and python installed. Regularly run on
NCAR-CGD/CISL processing machines.




Even if you do not wish to
run the package, you can
download comparison
results via the website.
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Climate Variability Diagnostics Package for
Large Ensembles CVDP LE)

The Climate Variability Diagnostics Package for Large Ensembles (CVDP-LE) developed by NCAR's
Climate Analysis Section is an automated analysis tool and data repository for exploring internal and
forced contributions to climate variability and change in coupled model “initial-condition” Large
Ensembles and observations.

The package computes a wide range of modes of interannual-to-multidecadal variability in the
atmosphere, ocean and cryosphere, as well as long-term trends and key indices of global and regional
climate. Diagnostics include the ensemble-mean (i.e. forced response) and ensemble-spread (i.e.,
internal variability) of each model, as well as quantitative metrics comparing the models to
observations. All diagnostics and metrics are saved to a data repository for later use and analysis.

The CVDP-LE User's Guide provides general background on initial-condition Large Ensembles, detailed
documentation of all diagnostics and metrics in the package, and guidance on interpreting the results.
Instructions for downloading and running the CVDP-LE are provided on the Code page and readme file,
respectively.

The CVDP-LE can be applied to any suite of observational data, model simulations and time periods
specified by the user. A few examples of CVDP-LE applications to the Multi-Model Large Ensemble
Archive and the CMIP6 archive are linked below; additional comparisons are in the Data Repository.

e MMLEA 1950-2018
e MMLEA 2019-2099
e CMIP6 Historical 1900-2014

When presenting results from the CVDP-LE in either oral or written form, please cite:

Phillips, A. S., C. Deser, J Fasullo, D. P. Schneider and I. R. Simpson, 2020: Assessing Climate Variability
and Change in Model Large Ensembles: A User’s Guide to the “Climate Variability Diagnostics
Packaae for Larae Ensembles”, doi:10.5065/h7c7-f961

CVDP-LE

Current Version:1.0.0
Home

News

Code

User's Guide

Data Repository

ODBSSERTNS

Support/Contact Us

Known Issues

CVCWG INFORMATION
Simulations

Activities Update (March 2020)
Upcoming Meetings

Past Meetings

Published Data

Climate Variability Diagnostics Package
Climate Data Guide

Multi-Model Large Ensemble Archive

https://www.cesm.ucar.edu/working_groups/CVC/cvdp-le/

Q

EVENTS ~




Even if you do not wish to
run the package, you can
download comparison
results via the website.

Every model run has its own
netCDF file containing all the
calculated metrics.

’“ ' NCAR | COMMUNITY EARTH SYSTEM MODEL
Lot CESM ©
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# | CESM Working Groups |/ CESM Climate Variability & Change Working Group [ CVDP-LE [ Data Repository

CVDP-LE | Data Repository

The CVDP-LE Data Repository holds CVDP-LE output (graphics and data files) from numerous CMIP and
CESM integrations. To access the output, simply select Images or Data for the desired model
intercomparison listed in the Table below. The data are stored as tar files: within each tar file there are
multiple netCDF files corresponding to each component member included in the comparison. Examples
of the netCDF file metadata are provided here for Individual Members and Ensemble Means.

The CVCWG freely distributes these results for non-commerical purposes and is not responsible for
errors in the data or within the CVDP-LE. Use the distributed data at your own risk. Note that not all output
fields may be relevant for a particular set of model simulations. For example, modes of decadal
variability are not meaningful if the period of record is too short.

When presenting results either in oral or written form, please acknowledge the NCAR Climate
Analysis Section'’s Climate Variability Diagnostics Package for Large Ensembles. Questions and
feedback about the CVDP-LE Data Repository are welcomed and should be posted on the CESM Bulletin
Board.

CVDP-LE v1.0.0 was used to create the comparisons shown below.

CESN

MMLEA 1950-2018

parisons

MIP6 Historical 1900-2014 Images Data

MMLEF CESMI1/CESM2 Control Images Data

MMLEA 2019-2099 Images Data

@ SEARCH

ADMINISTRATION ¥ WORKING GROUPS ~ MODELS ~

CVDP-LE

Current Version: 1.0.0
Home

News

Code

User's Guide

Data Repository
Observations
Support/Contact Us
Known Issues

CVCWG INFORMATION

Simulations

Activities Update (March 2020)

Upcoming Meetings
Past Meetings

Published Data

Q
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https://www.cesm.ucar.edu/working_groups/CVC/cvdp-le/
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CMIP6 Historical Comparison, 1900-2014
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CMIP6 Historical Comparison, 1900-2014

Individual Members View
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Selected Graphics

Ensemble Summary: Nino3.4 SST Power Spectra (Monthly)
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Ensemble Summary: Nino3.4 SST Power Spectra (Monthly)

ERSST v5 1900-2019

CESM2/CESM1 piControl e (20 Mombers)
100yr Slice Comparison g X105 3 2 s 1
Ensemble Summary View 100yrs
o
€ 100 -
Ensemble Mean Summary 3
50 10 5 3 2 1.5 1 S
| | | | | | | 3
o
50 5 50 -
2
0 o
lo n-
€ 40 -
[}
o 0 x
Q. 0 .01 .02 .03 .042 .056 .083
° 30 Frequency (cycles mo™)
‘O
L CESM1 (18 Members)
w20 510 5 3 2 15 1
03) 75 1 1
3 100yrs
% 40 R
TO
] € o -
0 | I I I | é
.0 .01 .02 .03 .042 .056 .083 >
-1 e
Frequency (cycles mo™) S
5 25 -
2
[*]
o

0o T v v v r
.0 .01 .02 .03 .042 .056 .083

Frequency (cycles mo™)



CVDP-LE now available for use on NCAR CGD or CISL machines
CGD: /home/asphilli/CESM-diagnostics/CVDP-LE/Release/v1.0.0
CISL: /glade/u/home/asphilli/CESM-diagnostics/CVDP-LE/Release/v1.0.0

Code will be available on github by the end of this week.
https://github.com/NCAR/CVDP-LE
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1) Spatial patterns
2) Time series & derived quantities




Ensemble Summary: NAO Pattern (DJF)
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Ensemble Summary: NAO Pattern (DJF)
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Ensemble Summary: NAO Pattern (DJF)

Observations

Observations (ERA20C_ERAI)
50W =

120W

Model

CCCma (40 Members)

1950-2018
50W =« ~

120W

i IH | 1
42/48/53%
r=0.89

150E 47

O\ 120E 120W

L

o
60W 60W 17 Y 60E 60W

30w p ".' : 30E 30W ’ 30E
0 0
[ | [ [ ] [ || (Sl ]
76-5-4-3-2-101234567 76-5-4-3-2-101234567
hPa hPa

{90k sow [, 4

|| [ [ .
-76-5-4-3-2-101234567

Difference Rank

CCCma - Observations Rank of Observations within Ensemble
180 180

90E

[
90 95100
hPa

NAO = EOF1 SLP (20-80N, 90W-40E) Hurrell and Deser (2009)
Calculated for each ensemble member, then averaged.

All graphics, data and metrics saved to a repository.



Distribution of % variance explained

(10th/50th/90th percentiles) umm ary NAO Patte 'n ( DJ F)
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NAO = EOF1 SLP (20-80N, 90W-40E) Hurrell and Deser (2009)
Calculated for each ensemble member, then averaged.

All graphics, data and metrics saved to a repository.



Distribution of % variance explained
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Ensemble Summary: Nino3.4 SST Power Spectra (Monthly)
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CMIP5 Multi-Model Large Ensemble Archive
Winter NAO (Model vs. ERA-20C 1950-2018)

Pattern Correlations Spatial RMS Differences
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(4 ENSO, AMV, PDV, NAO, PNA,
SAM, o SST, o Land Precip)
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SAM, o SST, o Land Precip)

—

Observations
ACCESS-ESM1-5

CN

CNRBM-ESM2-1
EC-Earth3
GISS-E2-1-G
GISS-E2-1-H
INM-CM5-0
IPSL-CMEA-LR
MIROCE
MIROC-ES2L
MPI-ESM1-2-HR
MPI-ESM1-2-LR
NorCPM1
UKESM1-0-LL

Mean Score

ornfu
|
| Wl
LT LT
fowmg o
{11 By
[ |
i

|
o
|
moj

i1 b
1]

0.80

bbbbbb
CES

InE:

CE!
CNRM-CI

CNRM-ESH

Longer bars: 10t - 50t - 90t percentiles

ENSO TAS (DJF"') ENSO PSL (DJF'") El Nifo Hovmoller

Observations [ Observations i Observations
CCESS-ESM1-5 I vnjun ACCESS-ESM1-5 Ik ACCESS-ESM1-5
CanESM5 11 o | CanESM5 PR ) CanESMS5
CESM2 LK CESM2 [URL CESM2
CNRM-CM6-1 npa 10 CNRM-CM-1 YT TN CNRM-CM6-1
CNRM-ESM2-1 Y CNRM-ESM2-1 Iougu CNRM-ES|
EC-Earth3 I EC-Earth3 | EC-Earth3
GISS-E2-1-G N 1 GISS-E2-1-G nm@nn GISS-E2-1-G
ISS-E2-1-H Il GISS-E2-1-H 1 g GISS-E2-1-H
INM-CM5-0 INM-CM5-0 INM-CM5-0
SL-CMBA-LR 1w IPSL-CMBA-LR T o IPSL-CMBA-LR
MIROCE Ly 1 MIROCE 1 MIROCE
0C-ES2L 1 MIROC-ES2L 1 0C-ES2L
MPI-ESM1-2-HR Wi MPI-ESM1-2-HR IR MPI-ESM1-2-HR (IR 1Y
MPI-ESM1-2-LR [ [IN] -ESM1-2-LR 111 MPI-ESM1-2-LR
NorCPM1 1 fieim NorCPM1 1nmugn NorCPM1
UKESM1-0-LL 1 v 1 UKESM1-0-LL iais UKESM1-0-LL
0 1.00
La Nina Hovmoller AMV' Low-Pass PDV’
Observat
ACCESS-ESN [ [ [
CanE:
c ISTriouti
CNRM-C
CNRM-ES}
EC-ES
GISS-E2]
GISS-E2
=4  dSSESS wnetner moaeis are
IPSL-CM6A
MIR
MIROC-E}
MPI-ESM1-2 L4
MPI-ESM1-
Noi
ES|

whether their differences
are within the noise of

EC-E4
GISS-E2;
GISS-E2]
INM-CI [ ] [ ] L] [ ]
IPSL-CM6A
MIR
MIROC-E}
I-ESM
MPI-ESM -
NorC} [ ] L]
”””””” observationa uncertalnty
oooooo See Fasullo et al. (2020
\CCESS-ESN [}
CanE:
CE
CNRM-C
CNRM-ESM2-1 L T CNRM-ESM2-1 [ ] CNRM-ESM2-1 oy
EC-Earthd EC-Earthd ] EC-Earthd (7]
GISS-E2-1-G - GISS-E2-1-G nin GISS-E2-1-G I
GISS-E2-1-H ] (RUL GISS-E2-1-H — I 1mi | GISS-E2-1-H i
INM-CM5-0 INM-CM5-0 INM-CM5-0
SL-CM6A-LR ] IPSL-CM6A-LR - IPSL-CMBA-LR i
MIROC6 L] MIROCS [ ] MIROCS 1
MIROC-ES2L i - L] OC-ES: njm
MPI-ESM1-2-HR ([ MPI-ESM1-2-HR MPI-ESM1-2-HR (10}
MPI-ESM1-2-LR i MPI-ESM1-2-LR MPI-ESM1-2-LR ]
NorCPM1 [ NorCPM1 [ ] NorCPM1 1
UKESM1-0-LL 1 UKESM1-0-LL. [ ] UKESM1-0-LL




Diagnostics Overview
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Metrics Tables

Pattern Correlations
and Spatial RMSE

10th / 50t / 90th percentiles
for each model.
Color coded for ease-of-use.

Sort

Namelist (default) | Namelist (Alphabetically) | ENSO TAS | ENSO PSL | El Nifio Hovmoller

By: La Nifia Hovmoéller | AMV' Low-Pass | PDV' | NAO | PNA | SAM | SST std dev | PR std dev | Mean Score
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& 4 g 2 S 2
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GFDL-CM3 (90%) |0.64 0.86 0.93 0.89 0.60 0.80 0.93 0.93 0.98 0.64 0.77|0.84
MPI (90%) {0.73 0.83 0.83 0.88 0.47 0.81 0.95 0.91 098 0.69 0.780.83
GFDL-CM3 (Avg) |{0.59 0.81 0.92 0.86 0.53 0.77 0.91 0.90 0.98 0.56 0.76|0.83
GFDL-ESM2M (90%) |0.69 0.81 0.90 0.90 0.52 0.82 0.93 0.91 0.97 0.69 0.76|0.82
NCAR (90%) |0.64 0.81 0.87 0.81 0.45 0.87 0.92 0.92 0.95 0.74 0.77 | 0.81
GFDL-ESM2M (Avg) |0.64 0.75 0.88 0.85 0.34 0.78 0.90 0.84 097 067 0.75|0.81
GFDL-CM3 (10%) |0.52 0.73 0.88 0.82 0.37 0.71 0.87 0.84 097 047 0.75| 0.81
CCCma (90%) |0.58 0.79 0.95 0.85 0.48 0.83 0.90 0.88 0.97 0.73 0.67 | 0.81

MPI (Avg) |0.67 0.76 0.78 0.82 0.33 0.75 0.92 0.86 0.97 065 0.77]0.80

CCCma (Avg) |0.54 0.74 0.93 0.80 0.29 0.82 0.86 0.84 0.96 0.71 0.66|0.80
NCAR (Avg) |0.58 0.77 0.84 0.77 0.31 0.85 0.87 0.89 0.93 0.73 0.76|0.79
GFDL-ESM2M (10%) |0.57 0.67 0.84 0.79 0.14 0.76 0.85 0.65 0.96 0.64 0.75|0.78
CCCma (10%) |0.50 0.67 0.90 0.74 0.06 0.78 0.80 0.79 0.95 0.68 0.64|0.78
NCAR (10%) |0.52 0.69 0.81 0.72 0.11 0.81 0.83 0.85 0.91 0.71 0.75|0.77

MPI (10%) |0.59 0.62 0.67 0.69 0.17 0.68 0.88 0.77 0.96 0.61 0.76|0.77

CSIRO (90%) |0.56 0.72 0.76 0.82 0.54 0.75 0.85 0.86 0.97 0.61 0.77]0.75
CSIRO (Avg) |0.48 0.65 0.70 0.76 041 0.70 0.80 0.80 0.96 0.58 0.76 |0.73
SMHI_KNMI (90%) |0.48 0.55 0.23 0.55 0.48 0.60 096 0.90 0.98 0.58 0.720.70
CSIRO (10%) |0.39 054 055 0.67 0.24 063 0.68 0.70 0.94 0.56 0.75|0.70
SMHI_KNMI (Avg) |0.36 0.38 0.12 0.47 0.35 0.55 0.93 0.82 098 0.55 0.71|0.67
SMHI_KNMI (10%) |0.19 0.13 0.01 0.31 0.15 046 0.90 0.61 0.97 0.51 0.70 | 0.64

Observations Used

Individual Metrics (ascii table)

Ensemble Metrics (ascii table)
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Metrics Tables

Pattern Correlations
and Spatial RMSE

10th / 50t / 90th percentiles
for each model.
Color coded for ease-of-use.

Sortable
(here Mean Score is used).

Observations Used

Individual Metrics (ascii table)

Sort Namelist (default) | Namelist (Alphabetically) | ENSO TAS | ENSO PSL | El Nifio Hovmoller
By: La Nifia Hovmoéller | AMV' Low-Pass | PDV' | NAO | PNA | SAM | SST std dev | PR std dev | Mean Score

Pattern Correlations
Sorted by: Mean Score

GFDL-CM3 (90%) |0.64 0.86 0.93 0.89 0.60 0.80 0.93 0.93 0.98 0.64 0.77|0.84
MPI(90%) |0.73 0.83 0.83 0.88 0.47 0.81 10.95»0.91 0.98 0.69 0.78|0.83
GFDL-CM3 (Avg) {059 0.81 0.92 0.86 0.53 0.77 0.91 0.90 0.98 0.56 0.76|0.83
GFDL-ESM2M (90%) |0.69 0.81 0.90 0.90 0.52 0.82 0.93 0.91 097 0.69 0.760.82
NCAR (90%) |0.64 0.81 0.87 0.81 0.45 0.87 0.92 0.92 095 0.74 0.77]0.81
GFDL-ESM2M (Avg) |0.64 0.75 0.88 0.85 0.34 0.78 0.90 0.84 0.97 0.67 0.75| 0.81
GFDL-CM3 (10%) {052 0.73 0.88 0.82 0.37 0.71 0.87 0.84 097 0.47 0.75|0.81
CCCma (90%) |0.58 0.79 0.95 0.85 0.48 0.83 0.90 0.88 0.97 0.73 0.67|0.81

MPI (Avg) |0.67 0.76 0.78 0.82 0.33 0.75 0.92 0.86 0.97 065 0.77]0.80

CCCma (Avg) |0.54 0.74 093 0.80 0.29 0.82 0.86 0.84 0.96 0.71 0.66|0.80
NCAR (Avg) |0.58 0.77 0.84 0.77 0.31 0.85 0.87 0.89 0.93 0.73 0.760.79
GFDL-ESM2M (10%) | 0.57 0.67 0.84 0.79 0.14 0.76 0.85 0.65 0.96 0.64 0.75|0.78
CCCma (10%) |0.50 0.67 0.90 0.74 0.06 0.78 0.80 0.79 0.95 0.68 0.64|0.78
NCAR (10%) |0.52 0.69 0.81 0.72 0.11 0.81 0.83 0.85 0.91 0.71 0.75|0.77

MPI (10%) |0.59 0.62 0.67 0.69 0.17 0.68 0.88 0.77 0.96 0.61 0.76 | 0.77

CSIRO (90%) |0.56 0.72 0.76 0.82 0.54 0.75 0.85 0.86 0.97 0.61 0.77|0.75
CSIRO (Avg) |0.48 065 0.70 0.76 0.41 0.70 0.80 0.80 0.96 058 0.76|0.73
SMHI_KNMI (90%) |0.48 0.55 0.23 0.55 048 0.60 0.96 0.90 098 0.58 0.72|0.70
CSIRO (10%) |0.39 054 055 0.67 0.24 063 0.68 0.70 0.94 0.56 0.75|0.70
SMHI_KNMI (Avg) 0.36;0.3810.12'0.47.0.35 0.55 0.93 0.82 0.98 0.55 0.71)|0.67
SMHI_KNMI (10%) [0.19 0.13 0.01 0.31 0.15 046 0.90 0.61 097 051 0.70 | 0.64

T 1

Ensemble Metrics (ascii table)
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Metrics Tables

Pattern Correlations
and Spatial RMSE

10th / 50t / 90th percentiles
for each model.
Color coded for ease-of-use.

Sortable
(here Mean Score is used).

All graphics, data
and metrics saved
to a repository.

Sort Namelist (default) | Namelist (Alphabetically) | ENSO TAS | ENSO PSL | El Nifio Hovmoller
By: La Nifia Hovmoéller | AMV' Low-Pass | PDV' | NAO | PNA | SAM | SST std dev | PR std dev | Mean Score

Pattern Correlations
Sorted by: Mean Score

GFDL-CM3 (90%) | 0.64 0.86 0.93 0.89 0.60 0.80 0.93 0.93 098 0.64 0.77|0.84
MPI(90%) |0.73 0.83 0.83 0.88 0.47 0.81 095 0.91 0.98 0.69 0.780.83
GFDL-CM3 (Avg) |{0.59 0.81 0.92 0.86 0.53 0.77 0.91 0.90 0.98 0.56 0.76|0.83
GFDL-ESM2M (90%) |0.69 0.81 0.90 0.90 0.52 0.82 0.93 0.91 0.97 0.69 0.76|0.82
NCAR (90%) |0.64 0.81 0.87 0.81 0.45 0.87 0.92 0.92 095 0.74 0.77]0.81
GFDL-ESM2M (Avg) |0.64 0.75 0.88 0.85 0.34 0.78 0.90 0.84 097 067 0.75|0.81
GFDL-CM3 (10%) {052 0.73 0.88 0.82 0.37 0.71 0.87 0.84 0.97 047 0.75| 0.81
CCCma (90%) |0.58 0.79 0.95 0.85 0.48 0.83 0.90 0.88 0.97 0.73 0.67 | 0.81

MPI (Avg) |0.67 0.76 0.78 0.82 0.33 0.75 0.92 0.86 0.97 065 0.77]0.80

CCCma (Avg) |0.54 0.74 0.93 0.80 0.29 0.82 0.86 0.84 0.96 0.71 0.66|0.80
NCAR (Avg) |0.58 0.77 0.84 0.77 0.31 0.85 0.87 0.89 0.93 0.73 0.76|0.79
GFDL-ESM2M (10%) |0.57 0.67 0.84 0.79 0.14 0.76 0.85 0.65 0.96 0.64 0.75|0.78
CCCma (10%) |0.50 0.67 0.90 0.74 0.06 0.78 0.80 0.79 0.95 0.68 0.64|0.78
NCAR (10%) |0.52 0.69 0.81 0.72 0.11 0.81 0.83 0.85 0.91 0.71 0.75|0.77

MPI (10%) | 0.59 0.62 0.67 0.69 0.17 0.68 0.88 0.77 0.96 0.61 0.76|0.77

CSIRO (90%) |0.56 0.72 0.76 0.82 0.54 0.75 0.85 0.86 0.97 0.61 0.77|0.75
CSIRO (Avg) |0.48 065 0.70 0.76 0.41 0.70 0.80 0.80 0.96 058 0.76|0.73
SMHI_KNMI (90%) |0.48 0.55 0.23 0.55 0.48 0.60 096 0.90 0.98 0.58 0.720.70
CSIRO (10%) |0.39 054 055 0.67 0.24 063 0.68 0.70 0.94 0.56 0.75|0.70
SMHI_KNMI (Avg) |0.36 0.38 0.12 0.47 0.35 0.55 0.93 0.82 098 0.55 0.71|0.67
SMHI_KNMI (10%) |0.19 0.13 0.01 0.31 0.15 046 0.90 0.61 0.97 0.51 0.70 | 0.64

Observations Used

Individual Metrics (ascii table)

T 1

Ensemble Metrics (ascii table)

[ 0.99
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Metrics Tables

Pattern Correlations
and Spatial RMSE

10th / 50t / 90th percentiles
for each model.
Color coded for ease-of-use.

Sortable
(here Mean Score is used).

All graphics, data
and metrics saved
to a repository.

Sort
By:

Namelist (default) | Namelist (Alphabetically) | ENSO TAS | ENSO PSL | El Nifio Hovmoller
La Nifia Hovmoller | AMV' Low-Pass | PDV' | NAO | PNA | SAM | SST std dev | PR std dev | Mean Score
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GFDL-CM3 (90%) |0.64 0.86 0.93 0.89 0.60 0.80 0.93 0.93 0.98 0.64 0.77|0.84
MPI (90%) |0.73 0.83 0.83 0.88 0.47 0.81 095 091 098 0.69 0.78|0.83

q . 10.76 | 0.83
o Also available for every  |om|oe
10.77 | 0.81

GFO b f d I 0.75 | 0.81
¢ Member or every model. [, os:
50 U U U U0 75 0.67 | 0.81

MPI (Avg) |0.67 0.76 0.78 0.82 0.83 0.75 0.92 0.86 0.97 0.65 0.77|0.80

CCCma (Avg) |0.54 0.74 0.93 0.80 0.29 0.82 0.86 0.84 0.96 0.71 0.66 |0.80
NCAR (Avg) |0.58 0.77 0.84 0.77 0.81 0.85 0.87 0.89 0.93 0.73 0.760.79
GFDL-ESM2M (10%) | 0.57 0.67 0.84 0.79 0.14 0.76 0.85 0.65 0.96 0.64 0.75|0.78
CCCma (10%) |0.50 0.67 0.90 0.74 0.06 0.78 0.80 0.79 0.95 0.68 0.64|0.78
NCAR (10%) |0.52 0.69 0.81 0.72 0.11 0.81 0.83 0.85 0.91 0.71 0.75/0.77

MPI (10%) {0.59 0.62 0.67 0.69 0.17 0.68 0.88 0.77 0.96 0.61 0.76|0.77

CSIRO (90%) |0.56 0.72 0.76 0.82 0.54 0.75 0.85 0.86 0.97 0.61 0.770.75
CSIRO (Avg) |0.48 065 0.70 0.76 0.41 0.70 0.80 0.80 0.96 058 0.76|0.73
SMHI_KNMI (90%) |0.48 0.55 0.23 0.55 048 0.60 0.96 0.90 098 0.58 0.72|0.70
CSIRO (10%) [0.39 0.54 0.55 0.67 0.24 0.63 0.68 0.70 0.94 0.56 0.75|0.70
SMHI_KNMI (Avg) o.as&o.as‘o.12'o.47.o.35ko.55 0.93 0.82 098 055 0.71|0.67
SMHI_KNMI (10%) |0.19 0.13 0.01 0.31 0.15 046 0.90 0.61 0.97 0.51 0.70|0.64

Observations Used

Individual Metrics (ascii table)

Ensemble Metrics (ascii table)

T 1

E 0.99

= 0.95
= 0.9

0.85
— 0.8
—0.75
0.7
0.65
0.6
e 0.55

= 05




CGD’s Climate Analysis Section

NCAR
UCAR

for Large Ensembles

Climate Variability Diagnostics Package

https://www.cesm.ucar.edu/working_groups/CVC/cvdp-le/

A | CESM Working Groups | CESM Climate Variability & Change Working Group | Climate Variability Diagnostics Package for Large Ensembles

Climate Variability Diagnostics Package for
Large Ensembles (CVDP -LE)

The Climate Variability Diagnostics Package for Large Ensembles (CVDP-LE) developed by NCAR's
Climate Analysis Section is an automated analysis tool and data repository for exploring internal and
forced contributions to climate variability and change in coupled model “initial-condition” Large
Ensembles and observations.

The package computes a wide range of modes of interannual-to-multidecadal variability in the
atmosphere, ocean and cryosphere, as well as long-term trends and key indices of global and regional
climate. Diagnostics include the ensemble-mean (i.e, forced response) and ensemble-spread (i.e.,
internal variability) of each model, as well as quantitative metrics comparing the models to
observations. All diagnostics and metrics are saved to a data repository for later use and analysis.

The CVDP-LE User’s Guide provides general background on initial-condition Large Ensembles, detailed
documentation of all diagnostics and metrics in the package, and guidance on interpreting the results.
Instructions for downloading and running the CVDP-LE are provided on the Code page and readme file,
respectively.

The CVDP-LE can be applied to any suite of observational data, model simulations and time periods
specified by the user. A few examples of CVDP-LE applications to the Multi-Model Large Ensemble
Archive and the CMIP6 archive are linked below; additional comparisons are in the Data Repository.

e MMLEA 1950-2018
e MMLEA 2019-2099
* CMIP6 Historical 1900-2014

When presenting results from the CVDP-LE in either oral or written form, please cite:

Phillips, A. S., C. Deser, J Fasullo, D. P. Schneider and I. R. Simpson, 2020: Assessing Climate Variability
and Change in Model Large Ensembles: A User’s Guide to the “Climate Variability Diagnostics
Package for Large Ensembles”, doi:10.5065/h7¢7-{961

We welcome your feedback and suggestions on any aspect of the CVDP-LE.

CVDP collaborators: Adam Phillips (software lead), Clara Deser (science lead), John Fasullo, Isla
Simpson, and Dave Schneider, as well as other members of NCAR's Climate Analysis Section.

CVDP-LE

Current Version:1.0.0
Home

News

Code

User's Guide

Data Repository
Observations
Support/Contact Us
Known Issues

CVCWG INFORMATION

Simulations

Activities Update (March 2020)

Upcoming Meetings

Past Meetings

Published Data

Climate Variability Diagnostics Package
Climate Data Guide

Multi-Model Large Ensemble Archive

CVCWG COMMUNICATION

Email: CVCWG Members

Subscribe to CVCWG List

Some Application Ideas

(User’s Guide)

Multiple time periods to
see if modes of variability
change with time.

Subsets of ensemble
members to assess
robustness.

Filter the data to
investigate dependence
on time scale.

Use an “ensemble” of
shorter segments from a
control simulation.



CGD’s Climate Analysis Section

\can | Climate Variability Diagnostics Package Some Application Ideas

for Large Ensembles (User’s Guide)

https://www.cesm.ucar.edu/working_groups/CVC/cvdp-le/ _ . .
@ Cost irkig Groups | CEah Clmte Vimicly & Carge Woking Grup | Cliate Vembtly icgretios Pockage o Lmgs reerrbie o Multiple time periods to

CVDP-LE

Climate Variability Diagnostics Package for [y see if modes of variability
Large Ensembles (CVDP ~-LE) _— . .
change with time.

The Climate Variability Diagnostics Package for Large Ensembles (CVDP-LE) developed by NCAR's

Climate Analysis Section is an automated analysis tool and data repository for exploring internal and
forced contributions to climate variability and change in coupled model “initial-condition” Large Code
Ensembles and observations.

News

User's Guide

*  Subsets of ensemble
The package computes a wide range of modes of interannual-to-multidecadal variability in the
atmosphere, ocean and cryosphere, as well as long-term trends and key indices of global and regional Data Repository m e m b e rS to a S S e S S

climate. Diagnostics include the ensemble-mean (i.e., forced response) and ensemble-spread (i.e., o .
servations
internal variability) of each model, as well as quantitative metrics comparina the models to

observations. All diagnostics and rlnetrics are saved to a data rey ro b u St n e S S .

[ ] [}
The CVDP-LE User's Guide provides general background on initia E n O e X I O r I n I
documentation of all diagnostics and metrics in the package, an ° F H I h d
Instructions for downloading and running the CVDP-LE are provig I te r t e ata tO

respectively.

e et < | | ggest ions welcome. | investigate dependence

specified by the user. A few examples of CVDP-LE applications to R
on time scale.

Archive and the CMIP6 archive are linked below; additional comyj

* MMLEA 1950-2018 Past Meetings
* MMLEA 2019-2099

* CMIP6 Historical 1900-2014 Published Data ° U se an ”e nsem b I e” Of

Climate Variability Diagnostics Package

shorter segments from a
Multi-Model Large Ensemble Archive CO nt ro | S i m u I ati O n .

We welcome your feedback and suggestions on any aspect of the CVDP-LE. CVCWG COMMUNICATION
Email: CVCWG Members

When presenting results from the CVDP-LE in either oral or written form, please cite:

Phillips, A. S., C. Deser, J Fasullo, D. P. Schneider and I. R. Simpson, 2020: Assessing Climate Variability
and Change in Model Large Ensembles: A User’s Guide to the “Climate Variability Diagnostics
Package for Large Ensembles”, doi:10.5065/h7c7-961

CVDP collaborators: Adam Phillips (software lead), Clara Deser (science lead), John Fasullo, Isla
Simpson, and Dave Schneider, as well as other members of NCAR's Climate Analysis Section. Subscribe to CVCWG List




