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Flying for research:
The dilemma of climate scientists
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ESMValTool — the right way forward
to evaluate our climate models?
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Today’'s questions

What are the purposes of
evaluating sea ice models?

What should we pay attention to,
when designing an evaluation protocol?

s sea ice model evaluation settled?
What are the ways forward?



APPLICATE.eu”

Advanced prediction in
polar regions and beyond

APPLICATE Model Assessment Strategy

Francois Massonnet and Thomas Jung

20" of April 2017
This note is an excerpt of the Model Assessment Plan of the APPLICATE project.

APPLICATE is a four-year Horizon 2020 project involving 16 partners from
universities, research centers and operational centers. Its aim is to enhance
medium-range and climate predictions capabilities in the Arctic but also to
determine the influence of Arctic climate change on lower latitudes.
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Europe’s eyes on Earth

More information on the project: www.applicate.eu

One of the overarching goals of APPLICATE is to improve sub-seasonal to seasonal climate predictions in
the Arctic and beyond. To formally detect such improvements and disentangle them from background

noise, the development of meaningful performance metrics (e.g., Knutti et al., 2010; Eyring et al., 2016;
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COPERNICUS MARINE ENVIRONMENT MONITORING SERVICE (CMEMS)

EVOLUTION AND OPTIMISATION OF THE NEMO CODE USED FOR THE MFC-
GLO IN CMEMS

Sea Ice modelling Integrated Initiative
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Diagnostics vs. metrics

12-14 April 2012 mean sea ice velocity from km/day
model (NEMO+LIM3)+atmospheric forcing 25
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low-dimensional object that summarizes
a high-dimensional geophysical dataset



Diagnostics vs. metrics

12-14 April 2012 mean sea ice velocity from 12-14 April 2012 mean sea ice velocity from
observations (Lavergne et al., J. Geophys. Res., 2010) model (NEMO+LIM3)+atmospheric forcing
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Diagnostics vs. metrics

12-14 April 2012 mean sea ice velocity from 12-14 April 2012 mean sea ice velocity from km/day
observations (Lavergne et al., J. Geophys. Res., 2010) model (NEMO+LIM3)+atmospheric forcing o5
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« Metric »: scalar number derived from identical
diagnostics processed on two different datasets



1. Standard error metrics

Purpose: tracking model performance
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2. Predictability metrics
Purpose: quantifying limits of predictability
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3. Forecast error metrics
Purpose: testing the skill of prediction systems

Integrated Ice Edge Error =
Area of overestimation
+

Area of underestimation

Goessling et al., Geophys. Res. Lett., 2016
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IFE (mm™)

4. Process-based diagnostics
Purpose: measuring the ability of a model to simulate a process or a feedback

« |ce Formation Efficiency » in CMIP5 models
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Massonnet et al., Nature Clim. Change, 2018



Today’'s questions
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Requirements for a good set
of diagnostics and metrics

Completeness
Rationale
Interpretability
Stability

Transparency

Observability



Requirements for a good set
of diagnostics and metrics

Completeness



2007 Arctic sea ice is declining
faster than anticipate
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2013: Climate models get sea ice
extent trends closer to observations
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2013: Climate models get sea ice
extent trends closer to observations
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2013: Climate models get sea ice
extent trends closer to observations

(for wrong reasons)
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Faster Arctic Sea Ice Retreat in CMIP5 than in CMIP3 due to Volcanoes?

ERICA ROSENBLUM AND JAN EISENMAN

Scripps Institution of Oceanography, University of California, San Diego, La Jolla, California

(Manuscript received 24 May 2016, in final form 4 October 2016)
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Requirements for a good set
of diagnostics and metrics

Completeness Never look at numbers in isolation, or you may well be fooled



Requirements for a good set
of diagnostics and metrics



Requirements for a good set
of diagnostics and metrics

What are the origins of Antarctic
sea ice model biases?
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Goosse et al., Nature Commun., 2018



Requirements for a good set
of diagnostics and metrics

Rationale Always design metrics and diagnostics with a scientific guestion in mind



Requirements for a good set
of diagnostics and metrics

Sea-ice volume north of 80N (ACCESS1-0)
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Requirements for a good set
of diagnostics and metrics

Interpretability

10% km?

Sea-ice volume north of 80N (ACCESS1-0)

0 l
1970 1971 19

72 1973 1974 1975 1976 1977 1978 1979 1980

Wintertime volume range

(anomalies) [103 km?]

Evaluation of the
IFE (1955-2004)

!

-2 -1 0 1 2
Volume at minimum
(anomalies) [10% km?]



Requirements for a good set
of diagnostics and metrics

Interpreta bility Give the others the chance yo understand what you have done



Requirements for a good set
of diagnostics and metrics

Stability



Requirements for a good set
of diagnostics and metrics

Stability
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Requirements for a good set _ kghy
of diagnostics and metrics HCT = kohi+kihs

Vancop's « Heat Conduction Index »
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Requirements for a good set
of diagnostics and metrics

Sta bi|ity Metrics and diagnostics should be insensitive to interannual and internal climate variability



Requirements for a good set
of diagnostics and metrics

Transparency



Requirements for a good set

of diagnostics and metrics

Transparency

242 contributions in the last year
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Learn how we count contributions.

Contribution activity

June 2019

fmassonn has no activity yet for this period.

May 2019

i Created 19 commits in 4 repositories
fmassonn/sipn-south-public 13 commits
fmassonn/paper-reproducibility 3 commits
fmassonn/paper-itd-seaice 2 commits
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Requirements for a good set
of diagnostics and metrics

Tra nsparency Open your model to the scrutiny of other researchers



Requirements for a good set
of diagnostics and metrics

Observability



Requirements for a good set
of diagnostics and metrics

Simulated Arctic sea ice mass balance when increasing
number of thickness categories (NEMO3.6-LIM3)
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Massonnet et al., Geosci. Mod. Dev. Discuss., 2019
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Challenge #1: Introducing observational
uncertainty in diagnostics and metrics

Sea Ice Extent (million sq. kms)

Sea Ice Extent in Northern Hemisphere -September
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Challenge #2: Designing metrics that can segregate
simple models from complex ones — retrospectively

1979-2004 mean September

Arctic sea ice extent
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Conclusions

* No metric or diagnostic is all-purpose but we can still agree
on a number of minimal requirements that they should satisty.

* Despite apparences, model evaluation is very subjective!
Never infer model performance from numbers alone.

* Model evaluation is a statistical inference process, and
therefore has to be communicated with uncertainties



