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Michael Wehner (LBNL), Daehyun Kim (SNU),

Elina Valkonen (NASA GSFC), Julie Caron (NCAR),

and many others!

@AOGS, 2024 June 25t

the P MDI etrlcs Package (PMP)

: nd Benchmarking




Systematic Evaluation for Diverse Models

Different resolution Dynamics / Physics Or, something unique!

How can weobjectively evaluate and efficiently document their performance ?
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PCMDI Metrics Package (PMP)

PMP is:

Open-source Python package for
objective evaluation and benchmarking of
physical climate as simulated by models

) GitHub

PMP provides:

Reuseable software with documentation

Pre-calculated database of
statistics and metrics for the
CMIP archive

(@PCDI

Lee et al. 2024: Systematic and Objective Evaluation of Earth System
Models: PCMDI Metrics Package (PMP) version@eoscientific Model
Development, 17, 39193948, doi: 10.5194/gmd-17-3919-2024

PMP does :

Assess modelperformance using diverse metrics

Ensurereproducibility with detailed provenance and
version control (codes, data, and operating conditions)
"

Link to reference datasets fromobs4MIPs for
more robust evaluation and reproducibility

Impacts:

Quantitatively measure the performance evolution
across CMIP generations

Provide objective goals fomodel development

Downloaded > 33,000times and used for evaluation of
?2 §EWe UI WY aqé 131 We NIJUHRIJt Kk WG
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http://pcmdi.github.io/pcmdi_metrics/
http://pcmdi.github.io/pcmdi_metrics/
https://doi.org/10.5194/gmd-17-3919-2024
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T. Vo, S. Po-Chedley, J. Boutte, J. Zhang, J. Lee (LLNL)

@DAT encourages reusable code and reproducible science

gg’ ~ array
CDAT

A Geospatial weighted
averaging
Temporal averaging,
climatologies, departures
Dataset bounds and CF
metadata handling
Horizontal and vertical
regridding

ICFresmiF GCM

|l Lawrence Livermore
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(@PCMDI

/ temp_sum =
)8 temp_sum = temp_sum.resample( time="AS").sum(dim="time")
29 denom_sum = (wgts).resample(time="AS").sum(dim="time")

Pure Xarray

import numpy as np
import xarray as xr

dpath = (
"/p/user_pub/work/CMIP6/CMIP/E3SM-Project/"
"E3SM-2-0/historical/r1ilpifi/Amon/ts/gr/v20220830/"
)

ds = xr.open_mfdataset(dpath + "x.nc")

12 ts_mon = ds.ts.groupby("time.month")
13 ts_mon_clim = ts_mon.mean(dim="time")
14 ts_anom = ts_mon - ts_mon_clim

7 coslat = np.cos(np.deg2rad(ds.lat))
18 ts_anom_wgt = ts_anom.weighted(coslat)
) ts_anom_global = ts_anom_wgt.mean(dim="1at").mean(dim="1on")

3 mon_len = ts_anom_global.time.dt.days_in_month

mon_len_by_year = mon_len.groupby("time.year")

)5 wgts = mon_len_by_year / mon_len_by_year.sum()

ts_anom_global * wgts

ts_anom_global_ann = temp_sum / denom_sum

XCDAT

import xcdat as xc

dpath = (
"/p/user_pub/work/CMIP6/CMIP/E3SM-Project/"
"E3SM-2-0/historical/r1ilp1f1/Amon/ts/gr/v20220830/"
)
ds = xc.open_mfdataset(dpath)

ds_anom = ds.temporal.departures("ts", freg=

14 ds_anom_global = ds_anom.spatial.average("ts"

17 ds_anom_global_ann = ds_anom_global.temporal.group_average

("ts", freg="year")

reEih
it
More examples

available at
https://xcdat.readthedocs.io

El iy

Vo et al. (2024xCDAT A
Python package for
simple climate data
analysis on structured
grids. Journal of Open
Source Software. DOI:
10.21105/joss.06426
A comparison
of code to
calculate
global-mean,
monthly

anomalies
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https://xcdat.readthedocs.io/

What Do We Evaluate?

Physical Relationships

Variability

Extremes Processes

Na/

71N

Evaluation needs to include diverse aspects of the simulated physical climate
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High-level Performance Summary

Gleckler Plot (aka Portrait Plot)
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Seasurface Temperature
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Objective Performance Tracking during Model Development
Parallel Coordinate Plot

Mean Climate (global)

== GFDL-CM3 == GFDL-CM4 —— median
3.25
— 13 4.0 L 1.4
Wss teoo [ 18 2 7 4 o L3.0 200
g | 12 L 16 30 20 55 foas 7 300 |,
o 30 16 2 e > 150
= 600 20 1 F22 18 5 o los 2.75 s
©s 1 25 20 ts 30 tolo |0 .
2 400 1 r 14 r2 16 i 2.50 100
[ 18 La 2.5 5 "1
£20 . s 1, -t _— e ; 005|557 b o5 Yo
s 200 6 N D ( o 10/ |,
= 8 \‘ 0.00~Ypo— 15 y200
© 10 10 e 571 12 L2 1 ’ ' —~_}
alo Lo e e e 1y 5T 14 / 15 3 175709 L-s0
) |V h _0.05 F15 10
E 0.5 le 8 r12 0 1.0 2 1.50 0.8 -100
L8 "
= r—200 |5 10 10 8 ro
L 1.0
= oo ls & 10 05 -0.10 1 L0.5 125 fo7 -150
pr psl rds  rltcre  rlus rsds ta-200 ta-850 tas tauu ts  ua-200 ua-850 va-200 va-850 zg-500
[mm d-1] [Pa] [W m-2][W m-2][W m- 2][w m 2][W m- 2][W m 2][W m 2][W m 2][W m 2] (K] (K] [K] [Pa] (K] [ms-1] [ms-1] [ms-1] [ms-1] [m]
ey r - . By L
Y 4 "] i .rf' ,
"ﬁh \ 4
" k LA
Y. '
- i -
K = k -
) - - - )
9 all 0]0 J O C 0
. 1 Field image

LLNL-PRES-863105

i

6



Climate Variability

Tropics

MPI-ESM-1-2-HAM rlilplfl

ref: Tropflux
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Evaluation of climate variability allows us to explore connectivity in the climate system
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Cloud Feedbacks ‘¢

Implementation contributed by Mark Zelinfkea§

[ Cloud feedbacks are broken down into
individual components quantified in the
WCRP Climate Sensitivity assessment.
(Sherwood et al. 2020) v

I An overall cloud feedback error metric is fo==
computed for each model based on the o

RMSE across the individual cloud
feedback components. o

| Mean-state cloud property error
metrics (Klein et al. 2013) are also
computed as part of this package.

ECS [K]

2.6
Total Cloud Feedback ] u
] L A 1 -2.3
| L} v L
27 J

—06 -04 -02 0.0 c\ 08 1.0
Right answer, right reasons

Model A (cNrRm-Esm21)

Hl Lawrence Livermore : Right answer, wrong reasons 8
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Recent addition: S€a |ce Area

Sector scale analysis: Moving beyond total hemispheric se&e extent

B

Ana Ordonez, Jiwoo Lee, Paul Durack, PeterGlekler

Arctic

Routine evaluation

Sector-scale evaluation

Annual Cycle Error

1988-2014
16

12
b
10 A -

North Pacific
6 .

Evaluate annual cycle and mean of
sector-scale sea-ice area.

MSE (1012km?)

All calculations done on original grid.

%]
[

Metric: Mean-Square-Error
k3 e * k.

Implemented in PMP based on
Ivanova et al. (2016) J. Clim.

T T T T T T
Central Morth  North Indian  South  South
Arctic  Atlantic  Pacific Ocean Atlantic Pacific

NN
Evaluation efforts have expanded to include more components of the climate system
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Precipitation Benchmarking (including Extremes)

Min-SeopAhn, P. JGleckler J. Lee, A. G. Pendergrass, C. Jakob, A. Ordonez, P. Ullgehrdr and many others

variability.

2 »wuncertamtv
d/, process::j time

errors

—_— e é grnu;i | scales*
) ) ) ey ) % scycletuningizveoy o alsob |ases
Benchmarking Simulated _ Spatial el Variability Intensity / T me I Hemc
AT Distribution of Across Frequency Extremes Jaspects;
Precipitation in Cycle . L v-tnMII'Itllldlng()m. can best- 'grBUPs
Earth System Models Mean State Timescales Distributions it s ) o n.‘
%3 1p% e *11
WORKSHOP REPORT ) . (o ) %558 ; i nmm |.ku well ennfy
4 RMS Error / Amplitude + Standard Simple Pally Rx1day . '{/d global= g ,E f].sﬁ?n
MAE of phase of deviation at Intensity — Wiz essennal etsl’“"JQ S ilaion
__Mmeanstate seasonal different . Index (SDII) ) SEI’VQ“O“S s
RXSday m"au! | a“\{ mportant. eﬁﬂl"
( cycle timescales . J desimulations ofteh processes:
Pattern L J L J Unevenness ——
correlation 'S N\ N 20y return
—eee ./ . R
Y Monthly Diurnal Mean and values (from
ontnly cycle— variance of GEV)
score (RMS
mean snow error) phase and daily precip —————
. Y- J
amplitude Rx3h
S /N J Perkins e —
Forced Internal score SeaSona|
- 8' : 8:3 v 20 - s W Fraction of breakdown
7 ENERGY R oBs asa s W . — — e CIDitati
Publshed March 2020 I - Precipitation frequency distribution days Reflned IPCC ARG regions
U.S. DEPARTMENT OF Exp i ™ — ! OBS z
ENERGYJuIy 2019 Workshop @DC Exp £ : Model
Exp é cLust g i
Exp 4eXe B > PP ”f:,"- s, g i
Exp PO D 4 i g Frequenc
Exp :.. 4 B L ¢ L P T / i \ \
B Pe o - 0 025 Ctandard deviation (Normalized
Exp : .: Rain rate [mm/dav] Clustered precipitation reglons
PP " - — Precipitation Extreme
Y Fraction of accumulated precipitation Ahnet al. 2023GMD (Wehneret al., 2020, 2021)
Ahnet al. (2021, Xlim), also used for
examine E3SM simulations. c
Los S~ — Pendergrass anDeser(2017),
L'LE 6 Pendergrass ankinutti (2018)
Unevehness vodell Implementation and application by
H Ahnet al. (2023, GMD)

i
Number of the wettest days L T LLNL-PRES-863105 10

2 et ey (@PCOMDI



https://doi.org/10.1016/j.wace.2020.100283
https://doi.org/10.1098/rsta.2019.0545

Collaborative additions (on-going and planned)

' Cryosphere

Collaboration WLANL(HILA)

-l

Polar Metrics
Diverse metrics for Arctic/Antarctic regions

Stratosphere -troposphere

Large-scale Meteorology Driving Extremes Connections

60°N

Lead by Don¢ LNL postdoc) w/BNL Collaboration w/ICSUValkonen, Barnes)

Image : DOE‘E3SM

Atmospheric Rivers
Narrow and stretched strong rain band

Image credit: @Zack Labe

Quasi- Blennlal OSC|IIat|on (0]:10)!

Stratosphere oscillation impacting weather

Atmospherlc Blocklng

Traffic jam in the atmosphere

Leveraging%

We are leveraging collaborations with the community to incorporate advanced performance measures

Hl Lawrence Livermore '
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http://www.climate.gov/media/14973

Reference datasets

The PMP leverages data products provided by obs4MIPs

i Obs4MIPs accelerates model evaluation, research and development, via: obs/IMIPs
t Technical alignment ofobservations and selectedreanalysis with CMIP -
v Detailed provenance including product origins, data preparation, and unified version control
t Delivery on ESGF sidéy-side with CMIP
| PMP uses dozens of obs4MIPs datasets including daily and 3hr products
i A suite of new obs4MIPs compliant products are now staged farSGFpublication

i As a WCRP project, obs4MIPs is expected to be a critical resource i/11P benchmarking

i PCMDI, NASA and ESA are providing leadership

For further information contact PeterGleckler (glecklerl@lInl.gov)
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Database of pre-calculated metrics provides a foundation for benchmarking

| We release adatabase of pre-calculated PMP metrics for CMIP5/6
https://github.com/PCMDI/pcmdi_metrics results archive

| which enablesobjective benchmarking bl RIOJIOAWRY G G¢ |l RUNWa 6 IWet I K
models) without massive downloading of CMIP modelto calculate the same metrics for them.

—

Provenance information ensures robustreproducibility of the statistical numbers of metrics.
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https://github.com/PCMDI/pcmdi_metrics_results_archive

PMP results interactive visualization

O @ O 8 =2 https://pcmdi.linl.gov o Q Search @ ¥ O OB & =

Program for Climate Model Diagnosis & Intercomparison enHANCED Y Google

Home About ™~ Research ™ CMIP6~ MIPs~ Publications ~ Software~ CMIP Data (ESGF Portal)

PCDI

Earth System Model
Evaluation Project

Lawrence Livermore National Laboratory perated by Lawrence Livermore National Security, LLC, for the N‘ }
===
UCRL-WEB-152471 | Privacy & Legal Notice | Learn about the Deg wrabiity Disclosure Program
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https://pcmdi.llnl.gov/metrics/

http://pcmdi.github.io/
pcmdi_metrics/

Thank You!

Lee et al. 2024

Systematic and Objective Evaluation of Earth System Models: PCMDI
Metrics Package (PMP) version &eoscientific Model Development 17,
391913948, doi: 10.5194/gmd-17-3919-2024

Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States government. Neither the United States
government nor Lawrence Livermore National Security, LLC, nor any of their employees makes any warranty, expressed or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific commercial product, process,
or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the United States government or Lawrence Livermore National Security, LLC. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States government or Lawrence Livermore National Security, LLC, and shall not
be used for advertising or product endorsement purposes.
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https://doi.org/10.5194/gmd-17-3919-2024
http://pcmdi.github.io/pcmdi_metrics/
http://pcmdi.github.io/pcmdi_metrics/

PMP contributes to CMIP Model Benchmarking

Engagement with the CMIP Benchmarking Task Team

Proposal forCMIP7 Rapid Evaluation Framework

Task Team Meeting

@Germany, DLR (2024 May)

4 N\
Leverage

and other tools
\_ y,
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https://wcrp-cmip.org/model-benchmarking-task-team-meet-to-advance-rapid-evaluation-tool/
https://wcrp-cmip.org/model-benchmarking-task-team-meet-to-advance-rapid-evaluation-tool/

