
Useful Arctic-centered mailing lists for 
jobs, summer schools, conference 
announcements, etc 

� ArcticInfo: https://www.arcus.org/arctic-info 

� CLIMLIST: http://climlist.wku.edu/ 

� CRYOLIST: http://cryolist.org/ 

Useful career advice & often a good read: Science careers 
http://www.sciencemag.org/careers 
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DECK (entry card for CMIP)
i. AMIP simulation (~1979-

2014)
ii. Pre-industrial control 

simulation
iii. 1%/yr CO2 increase 
iv. Abrupt 4xCO2 run

CMIP6 Historical Simulation 
(entry card for CMIP6) 
v. Historical simulation using 

CMIP6 forcings (1850-2014)

WCRP Grand Challenges:  (1) Clouds, circulation and climate sensitivity, (2) Changes in 
cryosphere, (3) Climate extremes, (4) Regional climate information, (5) Regional sea-level rise, 
and (6) Water availability, plus an additional theme on “Biogeochemical forcings and feedbacks”

Note: The themes in the outer circle of the figure might be 
slightly revised at the end of the MIP endorsement process

(DECK & CMIP6 Historical Simulation to 
be run for each model configuration used 
in the subsequent CMIP6-Endorsed MIPs)

With proto-DECK experiments 
(LMIP,OMIP etc.) in CMIP6 Tier1
Meehl et al., 2004, EOS 
 

CMIP6 special issue: https://www.geosci-model-dev.net/special_issue590.html 



CMIP6 scenarios: SSP (Shared Socioeconomic 
Pathways) 3472 B. C. O’Neill et al.: The Scenario Model Intercomparison Project (ScenarioMIP) for CMIP6

Figure 3. CO2 emissions (a), concentrations (b), anthropogenic radiative forcing (c), and global mean temperature (d) for the 21st century
scenarios in the ScenarioMIP design, from Riahi et al. (2016). Concentration, forcing, and temperature outcomes are calculated with a
simple climate model (MAGICC version 6.8.01 BETA; Meinshausen et al., 2011a, b). Temperature outcomes include natural forcing in the
historical period; projections assume zero volcanic forcing and maintain 11-year solar forcing cycles, consistent with the CMIP5 approach
(Meinshausen et al., 2011c). Gray areas represent the range of scenarios in the scenarios database for the IPCC Fifth Assessment Report
(Clarke et al., 2014).

the RCPs, Clarke et al., 2014). Climate model simu-
lations would allow for impacts of a 3.4 W m�2 sce-
nario to be compared to those occurring in the 4.5 or
2.6 W m�2 scenarios, to evaluate relative costs and ben-
efits of these scenarios. SSP4 was chosen because it is
relevant to IAM/IAV research as a scenario with rela-
tively low challenges to mitigation (SSP4) and therefore
is a plausible pairing with a relatively low forcing path-
way.

SSP5-3.4-OS: this scenario fills a gap in existing climate
simulations by investigating the implications of a sub-
stantial 21st century overshoot in radiative forcing rela-
tive to a longer-term target. There is substantial inter-
est in the impact, mitigation and adaptation implica-
tions of such overshoot, which begins with understand-
ing the climate consequences of such a pathway. This
scenario follows SSP5-8.5, an unmitigated baseline sce-
nario, through 2040, at which point aggressive mitiga-
tion is undertaken to rapidly reduce emissions to zero by
about 2070 and to net negative levels thereafter (Fig. 3).
This design will enable climate modeling teams to run

the scenario by branching from their Tier 1 SSP5-8.5
simulation in 2040. The final design of the overshoot
scenario is subject to additional consideration of spe-
cific features including the emissions reduction rates af-
ter 2040 and the amount of net negative emissions by
the end of the century.

SSPa-b (with b around or below 2.0): this scenario repre-
sents the very low end of the range of scenarios in
the literature measured by their radiative forcing path-
way. Scenarios feasible to produce in an IAM that are
significantly below RCP2.6 in terms of radiative forc-
ing are currently rare and have only recently become
available in the peer reviewed literature (Rogelj et al.,
2015). There is policy interest in scenarios that would
inform a possible goal of limiting global mean warming
to 1.5 �C above pre-industrial levels based on the Paris
COP21 agreement (UNFCCC, 2015). CMIP5 RCP2.6
projections, which have a median outcome across mod-
els of about 1.6 �C global mean surface temperature in
2100, and the SSP1-2.6 scenario and its long-term ex-
tension, which is estimated to decline to 1.5 �C warm-

Geosci. Model Dev., 9, 3461–3482, 2016 www.geosci-model-dev.net/9/3461/2016/
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Figure 3. CO2 emissions (a), concentrations (b), anthropogenic radiative forcing (c), and global mean temperature (d) for the 21st century
scenarios in the ScenarioMIP design, from Riahi et al. (2016). Concentration, forcing, and temperature outcomes are calculated with a
simple climate model (MAGICC version 6.8.01 BETA; Meinshausen et al., 2011a, b). Temperature outcomes include natural forcing in the
historical period; projections assume zero volcanic forcing and maintain 11-year solar forcing cycles, consistent with the CMIP5 approach
(Meinshausen et al., 2011c). Gray areas represent the range of scenarios in the scenarios database for the IPCC Fifth Assessment Report
(Clarke et al., 2014).

the RCPs, Clarke et al., 2014). Climate model simu-
lations would allow for impacts of a 3.4 W m�2 sce-
nario to be compared to those occurring in the 4.5 or
2.6 W m�2 scenarios, to evaluate relative costs and ben-
efits of these scenarios. SSP4 was chosen because it is
relevant to IAM/IAV research as a scenario with rela-
tively low challenges to mitigation (SSP4) and therefore
is a plausible pairing with a relatively low forcing path-
way.

SSP5-3.4-OS: this scenario fills a gap in existing climate
simulations by investigating the implications of a sub-
stantial 21st century overshoot in radiative forcing rela-
tive to a longer-term target. There is substantial inter-
est in the impact, mitigation and adaptation implica-
tions of such overshoot, which begins with understand-
ing the climate consequences of such a pathway. This
scenario follows SSP5-8.5, an unmitigated baseline sce-
nario, through 2040, at which point aggressive mitiga-
tion is undertaken to rapidly reduce emissions to zero by
about 2070 and to net negative levels thereafter (Fig. 3).
This design will enable climate modeling teams to run

the scenario by branching from their Tier 1 SSP5-8.5
simulation in 2040. The final design of the overshoot
scenario is subject to additional consideration of spe-
cific features including the emissions reduction rates af-
ter 2040 and the amount of net negative emissions by
the end of the century.

SSPa-b (with b around or below 2.0): this scenario repre-
sents the very low end of the range of scenarios in
the literature measured by their radiative forcing path-
way. Scenarios feasible to produce in an IAM that are
significantly below RCP2.6 in terms of radiative forc-
ing are currently rare and have only recently become
available in the peer reviewed literature (Rogelj et al.,
2015). There is policy interest in scenarios that would
inform a possible goal of limiting global mean warming
to 1.5 �C above pre-industrial levels based on the Paris
COP21 agreement (UNFCCC, 2015). CMIP5 RCP2.6
projections, which have a median outcome across mod-
els of about 1.6 �C global mean surface temperature in
2100, and the SSP1-2.6 scenario and its long-term ex-
tension, which is estimated to decline to 1.5 �C warm-

Geosci. Model Dev., 9, 3461–3482, 2016 www.geosci-model-dev.net/9/3461/2016/

O'Neill et al. (2016), Geosci. Model Dev., https://doi.org/10.5194/gmd-9-3461-2016.  

�  Tier 1: Four 21st century scenarios: SSP-8.5, SSP-7.0, SSP-4.5, SSP-2.6 

�  Tier 2:  
�  4 additional scenarios: SSP4-6.0, SSP4-3.4, SSP5-3.4-OS, SSPa-b  
�  9 additional ensemble members of SSP-7.0, SSP-6.0 
�  Three Long term extension to 2300 (SSP5-8.5, SSP1-2.6, SSP5- 3.4-OS) 

�  SSP start in 2015, RCPs started in 2005 



CMIP6 extension simulations 
B. C. O’Neill et al.: The Scenario Model Intercomparison Project (ScenarioMIP) for CMIP6 3475

Figure 5. CO2 emissions (a) and concentrations (b), anthropogenic radiative forcing (c), and global mean temperature change (d) for the
three long-term extensions. As in Fig. 3, concentration, forcing, and temperature outcomes are calculated with a simple climate model
(MAGICC version 6.8.01 BETA; Meinshausen et al., 2011a, b). Outcomes for the CMIP5 versions of the long-term extensions of RCP2.6
and RCP8.5 (Meinshausen et al., 2011c), as calculated with the same model, are shown for comparison.

an assessment of a range of sources of uncertainty will be
possible by combining the results from several of the CMIP6-
Endorsed MIPs.

3.3.2 Relation to CMIP5

CMIP6 climate projections will differ from those for CMIP5
due to a new generation of climate models, a new start
year for the future scenarios (2015 for CMIP6 vs. 2006 for
CMIP5), as well as a new set of scenarios of concentrations,
emissions, and land use (Figs. 3 and 4). We recognize that
such an approach could be problematic for uncertainty anal-
ysis, as the separation of model vs. scenario uncertainty is
unclear (Knutti and Sedláček, 2013). For multiple research
communities it will be useful to evaluate the difference in
climate outcomes that is due to the changes in climate mod-
els alone, in particular to understand how the new models
have revised our understanding of the climate response to
anthropogenic forcing. Such an evaluation is also valuable
in order to determine whether CMIP5 and CMIP6 results
could be used together in research on impacts and adapta-
tion (and how), or whether IAM and IAV researchers should
abandon CMIP5 simulations in favor of CMIP6 simulations
when they become available. It is not part of the ScenarioMIP
design to carry out simulations that would inform this eval-
uation. However, it would be interesting to the community

if climate modeling teams investigated this question. Possi-
ble approaches include running the CMIP6 SSP-based RCPs
with single models of the previous (CMIP5) generation, run-
ning the CMIP5 RCPs using new (CMIP6) model versions,
or carrying out relevant analyses with climate model emula-
tors.

3.3.3 Relation to other CMIP6-Endorsed MIPs, the
DECK, and the CMIP6 historical simulations

The ScenarioMIP design is intended to provide a basis for
targeted scenarios to be run in other CMIP6-Endorsed MIPs
in order to address specific questions regarding the sensitiv-
ity of climate change outcomes to particular aspects of these
scenarios, especially land use and emissions of NTCFs. We
describe here current plans for coordinated experiments. A
summary of the scenarios within the ScenarioMIP design that
are currently part of plans for other CMIP6-Endorsed MIPs
is provided in the experimental design table (Table 2).

DECK and CMIP6 historical simulations

Models participating in CMIP6 must carry out a small set
of simulations intended to maintain continuity and docu-
ment basic characteristics of models across different phases
of CMIP. The ScenarioMIP simulations relate to the DECK

www.geosci-model-dev.net/9/3461/2016/ Geosci. Model Dev., 9, 3461–3482, 2016

O'Neill et al. (2016), GMD 

CMIP6 special issue: https://www.geosci-model-dev.net/special_issue590.html 
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and RCP8.5 (Meinshausen et al., 2011c), as calculated with the same model, are shown for comparison.
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CMIP6 climate projections will differ from those for CMIP5
due to a new generation of climate models, a new start
year for the future scenarios (2015 for CMIP6 vs. 2006 for
CMIP5), as well as a new set of scenarios of concentrations,
emissions, and land use (Figs. 3 and 4). We recognize that
such an approach could be problematic for uncertainty anal-
ysis, as the separation of model vs. scenario uncertainty is
unclear (Knutti and Sedláček, 2013). For multiple research
communities it will be useful to evaluate the difference in
climate outcomes that is due to the changes in climate mod-
els alone, in particular to understand how the new models
have revised our understanding of the climate response to
anthropogenic forcing. Such an evaluation is also valuable
in order to determine whether CMIP5 and CMIP6 results
could be used together in research on impacts and adapta-
tion (and how), or whether IAM and IAV researchers should
abandon CMIP5 simulations in favor of CMIP6 simulations
when they become available. It is not part of the ScenarioMIP
design to carry out simulations that would inform this eval-
uation. However, it would be interesting to the community

if climate modeling teams investigated this question. Possi-
ble approaches include running the CMIP6 SSP-based RCPs
with single models of the previous (CMIP5) generation, run-
ning the CMIP5 RCPs using new (CMIP6) model versions,
or carrying out relevant analyses with climate model emula-
tors.

3.3.3 Relation to other CMIP6-Endorsed MIPs, the
DECK, and the CMIP6 historical simulations

The ScenarioMIP design is intended to provide a basis for
targeted scenarios to be run in other CMIP6-Endorsed MIPs
in order to address specific questions regarding the sensitiv-
ity of climate change outcomes to particular aspects of these
scenarios, especially land use and emissions of NTCFs. We
describe here current plans for coordinated experiments. A
summary of the scenarios within the ScenarioMIP design that
are currently part of plans for other CMIP6-Endorsed MIPs
is provided in the experimental design table (Table 2).

DECK and CMIP6 historical simulations

Models participating in CMIP6 must carry out a small set
of simulations intended to maintain continuity and docu-
ment basic characteristics of models across different phases
of CMIP. The ScenarioMIP simulations relate to the DECK

www.geosci-model-dev.net/9/3461/2016/ Geosci. Model Dev., 9, 3461–3482, 2016



CMIP6 Sea Ice Model Intercomparison Project (SIMIP)  

Aim: To better understand the role of sea ice for the changing 
climate of our planet 
 
Website: www.climate-cryosphere.org/simip 
 
SIMIP paper: Notz, Jahn et al. (2016), GMD 
 
Three major goals: 
•  Define new sea ice variable request that allows more process based 

and budget analysis of sea ice (done for CMIP6) 
•  Coordinate some of the CMIP6 sea-ice related analysis through a 

number of dedicated sub-groups, encouraging earlier process-based 
sea ice analysis for CMIP6 simulations (see website) 

•  Serve as forum for identifying the best possible use of observations 
for the evaluation and improvement of model simulations (see 
website) 

 
 
 

Co-chairs: Dirk Notz (MPI) and Alexandra Jahn (CU) 



The challenge of 
assessing sea ice 

simulations from climate 
models with observations  

Alexandra Jahn 
University of Colorado Boulder 

 

Alexandra.Jahn@colorado.edu 



Real world and models 
Real world Model 

How and what can we 
compare? And what does 
it mean if they do not 

agree? 

Nice paper on this: “How well must climate models agree with 
observations?” (Notz, 2015, Phil. Trans. R. Soc. A) 

Not measured the 
same way 



CESM LE 
NSIDC 

CESM LE September sea ice extent 

Jahn et al., 2016, GRL 

Review: Internal variability  

Can’t 
compare 
year-to-year 
evolution 
with 
observations  



Can’t directly compare in-situ/remote sensing 
observations on a given day/month/season with 
models 

1052 N. T. Kurtz et al.: IceBridge sea ice products

Fig. 12. Maps illustrating the along-track snow depth derived for the Arctic IceBridge campaigns for (a) 2009 and (b) 2010. The red line
corresponds to the multi-year ice boundary from the AMSR-E mask. The numbers correspond to the flight lines in Table 5.

Fig. 13. Maps illustrating sea ice thickness for the Arctic IceBridge campaigns for (a) 2009 and (b) 2010. The red line corresponds to the
multi-year ice boundary from the AMSR-E mask.

was 14 cm (52 %) less than the mean snow depth over multi-
year ice (27.4 cm). For multi-year ice, the mean snow depths
are close to the climatology of Warren et al. (1999) (Kurtz
and Farrell, 2011). The mean snow depth over first year ice
is also broadly consistent with the mean snow depth from
the AMSR-E snow depth on sea ice data product (Cava-
lieri et al., 2004). Gridding the IceBridge snow radar data
to the same 12.5 km polar stereographic grid as AMSR-E re-
sults in mean differences (radar�AMSR-E) of 1.3 cm for the
2009 campaign and –1.2 cm for the 2010 campaign. Farrell
et al. (2012) found a mean difference of 0.8 cm between the

IceBridge derived snow depths and a 2 km in situ line of data
during the 2009 campaign. We note that these comparisons
of the radar derived mean snow depth values are not meant to
supplant a more detailed study of the data sets and associated
errors, but to show the snow depth estimates presented here
are consistent with other independent data.

The ice thickness maps also show large-scale spatial gra-
dients that are consistent with the expected pattern from re-
cent observations (e.g., Haas et al., 2010; Kwok et al., 2009;
Laxon et al., 2003; Wadhams et al., 2011; Laxon et al.,
2013) and model results (e.g., Schweiger et al., 2011). The

The Cryosphere, 7, 1035–1056, 2013 www.the-cryosphere.net/7/1035/2013/

Kurtz et al., 2013 

Icebridge ice thickness 
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Figure 4. Gridded 2month sea ice thickness fields and their distributions. (a) 2010–2011, (b) 2011–2012, (c) 2012–2013 and (d)
2013–2014. Multiyear (MY) and first-year (FY) areas are delineated using the 70%MY concentration isopleth, and distributions
are within the Arctic basin defined by the boundaries in top left panel. These fields are processed with: α = 0.7 and single
density.

(see tables 1 and 2). The correlations are lower (0.56/0.53) than the comparisons with other in situ
measurements with the mean difference −0.29 ± 0.86 m (α = 0.5) and −0.16 ± 0.87 (α = 0.7). The
increased scatter in the differences relative to the mooring, submarine and EM measurements,
also noted by Laxon et al. [3], are unclear and a subject of future investigations.

5. Arctic Ocean CS-2 ice thickness/volume
In this section, we examine the seasonal behaviour of Arctic Ocean sea ice thickness and volume
in the present CS-2 record (2010–2014). Henceforth, we restrict our attention to the two sets of
estimates processed with α = 0.7/one-density (case 1) and α = 0.7/two-density (case 2) because
the above comparisons show that, for the choice of parameters used here, they yield better
agreements with measurements. Even though the better overall agreement is obtained with one
ice density, the two-density results serve to provide lower bound estimates recognizing that
uncertainties in MYI density remain an issue in the calculation of thickness.

In the following, we refer to the Arctic Ocean as that area bounded by the gateways into the
Pacific (Bering Strait), the Canadian Arctic Archipelago (CAA), and the Greenland (Fram Strait)
and Barents Seas (figure 4a, left panel). Within these boundaries, the Arctic Ocean covers a fixed
area of approximately 7.23 × 106 km2. The spatial patterns of ice thickness and their distributions,
and ice volumes for the eight months between October and May are summarized in figures 4
and 5. The 25 km gridded ice thickness fields (figure 4) represent the mean thickness of CS-2
retrievals that fall inside individual grid boundaries. Data gaps including the data hole around
the North Pole are filled (following the interpolation procedure outlined in [4]). We also separate
thickness and volumes into regions with predominantly MYI (MYI fraction > 0.7) and FYI (MYI

 on November 16, 2016http://rsta.royalsocietypublishing.org/Downloaded from 
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Internal variability  



Internal Variability - Sea ice thickness– 5 yr 
average (2003-2007) 

Internal variability has a large impact on sea ice thickness for 5 year averages 

Jahn et al., 2016, GRL 



Internal variability - Sea ice thickness – 10 
year average 

Internal variability has a large impact on sea ice thickness even for 10 year averages 



Role of internal variability: trends 

NSIDC 1979-2013 

35 year trends 

CESM Large 
Ensemble Even 35 year 

trends can be 
strongly 

affected by 
internal 

variability 



Role of internal variability: CMIP5 trends 

Swart et al. 2015,  
Nature Climate Change 

CMIP5 
NSIDC 
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NSIDC 
CMIP5 
CESM LE 

Almost all 14 & 35 year trends from 
CMIP5 can be explained by internal 

variability as simulated by the CESM LE 
à These trends alone should not be used 
to subset the CMIP5 models into “good” 

and “bad” models 



Notz, Phil. Trans. Roy. Soc. A, 2015 

Recent 30-year 
trends of Arctic 
sea-ice volume 

in CMIP5 
simulations.  

 

Sea ice volume trends are also very 
variable 



Detecting a biases despite large 
internal variability: CMIP5  

12 J O U R N A L O F C L I M A T E

Arctic Antarctic

1979-2013 Trends 13/118 (11%) 3/118 (2.5%)

1979-2013 Effective Trends 0/118 (0%) 0/118 (0%)

Pseudo-ensemble 1/1,232 (0.1%) 45/1232 (3.7%)

TABLE 1. Fraction of runs with simulated sea ice trends that are at least as extreme as the observations using the distribution of CMIP5 simulated
trends (see Section 1), effective trends (see Section 4), and a pseudo-ensemble of 35-year periods that have similar levels of global warming to the
observations (see Section 5). The first column is the fraction with Arctic sea ice retreat as rapid as the observations, and the second column is the
fraction with Antarctic sea ice expansion as rapid as the observations. There are 118 simulations of 1979-2013 in the CMIP5 ensemble analyzed
here and 1,232 overlapping 35-year periods in the pseudo-ensemble. Percentages are indicated to aid in comparison between the rows.

FIG. 1. Observed and CMIP5 modeled linear trends in annual-mean (a,d) global-mean surface temperature, (b,e) Arctic sea ice extent, and
(c,f) Antarctic sea ice extent. (a-c) Here the trends are illustrated as straight lines shifted vertically so that the trend lines go through zero in 1979.
The dark red lines indicate the ensemble-mean trend and the gray shadings indicate one standard deviation among the 118 CMIP5 trends. The
observed time series is also included for each quantity (green). (bottom row) Histograms showing the distributions of CMIP5 modeled trends, with
the observed trend indicated by a green line in each panel. The standard deviation of each distribution about the ensemble mean is indicated by a
red error bar above the histogram, and a gaussian fit to each distribution is plotted in red.

Rosenblum and Eisenman, 2017, J. Clim, in press 
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FIG. 3. As in Figure 2, but using CMIP5 simulations instead of CESM-LE.35 year CMIP5 sea ice trends larger than observed only occur in 
CMIP5 model runs with larger than observed global warming trends 



Spatial and Temporal Resolution 

�  Spatial: Observations are largely at a higher spatial 
resolution than global models 

�  Temporal: Observational timeseries in the Arctic are 
often short (e.g., ice thickness), often have high 
temporal resolution, while model variables are often 
monthly means 

�  Another issue: Often averaging in space and time is not 
done the same way for observations and models 



Computed from daily means 
for models and observations 

Computed from monthly means in 
the models, daily in the data 

Annual Mean CMIP5 Drift Speeds (away from coasts) 

Time Sampling Has a Big Impact 

N. F. Tandon, P. J. Kushner, D. Docquier, J. J. Wettstein, and C. Li, 2017: Reassessing the role 
of sea ice drift in Arctic sea ice loss. In preparation. 

à Always make sure to average models and observations the same way! 



Sea ice extent versus area 

Notz, 2014, Cryosphere 

What is sea ice extent? 
Grid cell ice covered >15%?  
•  Yes, ice extent =1 
•  No, ice extent =0 
 
Why do we use sea ice 
extent instead of area?  
•  Satellite algorithms have 

larger differences in 
concentrations, and hence 
area, than extent 

•  Makes it easy to deal with 
polar hole in satellite data 
(assume ice covered >15%) 

 
 

232 D. Notz: Evaluation of modelled sea-ice concentration
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Fig. 2. September and March sea-ice area and sea-ice extent as re-
trieved from satellite for the period 1979–2010. Different colors
denote different algorithms or satellites. Area and extent were cal-
culated based on sea-ice concentration fields on EASE grids with
25 km resolution (NASA Team and Bootstrap, based on SMMR and
SMM/I, 1979–2010), 12 km resolution (ASI SSM/I, 1992–2010)
and 6 km resolution (ASI AMSR-E, 2002–2010).

with 6.3 million km2 for the Bootstrap algorithm compared
to only 5.2 million km2 for the NASA Team algorithm. This
much larger difference is the main reason why the sea-ice
area estimate of an individual satellite retrieval is usually not
used for model-evaluation purposes. Such large relative dif-
ference arises, however, only in summer: in March, both the
estimates of sea-ice area and of sea-ice extent are similar be-
tween the two algorithms, as the mean 1979–2005 sea-ice
extent is 15.9 million km2 for Bootstrap and 15.8 million km2

for NASA Team, while sea-ice area is 14.6 million km2 for
Bootstrap and 13.9 million km2 for NASA Team.

Since our focus here is on sea-ice extent vs. sea-ice area, it
is important to understand the cause for the different agree-
ment between these two measures for the satellite algorithms.
For this purpose, we consider the frequency distribution of
sea-ice concentration that is displayed by the two algorithms.
Of particular importance for the estimate of sea-ice area is
the amount of ice-covered grid cells that have a very high
ice concentration. According to the Bootstrap algorithm the
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Fig. 3. Histogram of 1979–2005 sea-ice concentration in all ar-
eas with at least 0.1 % sea-ice concentration. (a, c) Satellite re-
trievals based on the Bootstrap algorithm and (b, d) satellite re-
trievals based on the NASA Team algorithm for (a, b) September
and (c, d) March. The numbers on the x axis denote the upper limit
of each bar: e.g. 20 denotes the concentration range 10 to 20 %.

ice cover is very compact in summer, with about 70 % of all
ice-covered grid cells having more than 90 % ice concentra-
tion (Fig. 3a). In contrast, according to the NASA Team algo-
rithm the ice cover is quite loose, with only about 20 % of all
ice-covered grid cells having such high ice concentration in
summer (Fig. 3b). This difference comes primarily about by
the different treatment of sea ice that is covered by surface
meltwater (Meier and Notz, 2010; L. T. Pedersen, personal
communication, 2013): while both algorithms interpret the
meltwater-covered sea ice as open water, the Bootstrap al-
gorithm more strongly compensates for this well-known bias
compared to the NASA Team algorithm. The two versions of
the ASI algorithm that were analysed for the present study
show a similarly compact ice cover as the Bootstrap algo-
rithm.

The large difference between the NASA Team and the
Bootstrap algorithms in the estimated frequency of high sea-
ice concentration causes their large difference in estimated
sea-ice area. In wintertime, the estimated frequency of high
sea-ice concentration is much more similar for the two al-
gorithms (Fig. 3c, d), which explains the smaller difference
of estimated sea-ice area for that season. Differences in es-
timated sea-ice extent come about by different estimates of
the frequency of low sea-ice concentration. Since at this end
of the spectrum differences between the two algorithms are
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What is the “problem” with ice extent? 
�  Ice extent is more variable than ice area 

�  Ice extent is very sensitive to grid size. 
�  Generally, higher grid resolution results in a lower sea ice extent. 
�  At very high resolution, sea ice extent and area are very similar 
àImpacts model-observation and model-model intercomparisons 

High resolution Low resolution 

Larger ice extent Smaller ice extent 

Slide 
courtesy 
of A. 
Ahlert 



Inconsistent variable definitions 

Observations 
(in situ/remote sensing) Model simulations 

? 



Ice thickness definitions: 
To average in zeros for no ice or not? 

�  A) We should average in zeros for grid cells not 100% 
covered by sea ice when calculating ice thickness 

�  B) We should report the ice thickness only for the part 
of the grid cell that has ice present (no zeros averaged 
in for ice concentrations <100%) 

�  Simple example: 50% ice cover, ice present is 2m thick 
à What is the ice thickness for this grid box?  

�  Method A) à 1m 
�  Method B) à 2 m 



Ice thickness definitions: 
To average in zeros for no ice or not? 

•  In low ice concentration areas in the Arctic differences can be up 
to 50-100 cm  

•  Difference in the central Arctic are small (1-5cm) 
•  For CMIP6, SIMIP requested the actual floe ice thickness from 

models (Notz, et al, 2016 GMD) 

Grid-cell averaged 
thickness (fall) 

Average thickness of ice 
present in grid cell (fall) 

Difference 

(used in CMIP5) (requested for CMIP6) 
(m) 

(m) 



Freeboard versus ice-thickness 

�  Overall, MYI thickness is reduced 
by approximately 0.25 m in 
October and by approximately 0.5 
m in May when using average MY 
ice density in satellite retrievals 

�  (Constant ice density in CICE is 
typical FW ice density: 917 kg/m³)  

�  CMIP6: Asking for freeboard, for 
more direct comparisons with 
satellite data, taking away the ice 
density uncertainly (snow 
uncertainty remains) 
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Figure 7. Arctic sea ice volume from ICESat and CS-2. Arctic sea ice volume is computed within the boundaries in figure 4.
One-density (filled symbols) and two-density (open symbols) volumeestimates and their trends are shown. See §5e for remarks
on uncertainty in volume estimates.
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Figure 8. Average winter (February–March) and autumn (October–November) ice thickness in the DRA from regression of
submarine data, ICESat, CS-2 estimates. (a) Coverage of the central Arctic by the DRA. (b) Decline in ice thickness between 1980
and 2014. Shaded areas show residuals in the regression and quality of the submarine data. One-density (filled symbols) and
two-density (open symbols) thicknesses are shown.

(b) Submarine, ICESat, and CS-2 records in the DRA (1980–2012)
The combined submarine, ICESat and CS-2 data, within the data release area (DRA) of declassified
submarine measurements (covering approx. 38% of the Arctic Ocean), are shown in figure 8.
When Kwok & Rothrock [38] concatenated the ICESat thickness in the DRA with the regression
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Stroeve et al., 2014 
satellite observations 

CESM LE surface 
temperature (-1 oC) 

CESM LE thermodynamic 
volume tendency 

Earlier Later 

Melt onset definitions  

CESM LE 
Satellite Obs 

CESM LE Satellite Obs 

Differences	
  in	
  defini,on/
measurement	
  

complicate	
  comparisons	
  

Ahlert and Jahn, in prep 



Many more definition issues: Always 
compare the definitions before you do a 
comparison! 

�  Sea ice “break-up”  

�  Sea ice age (Lagrangian versus Eulerian 
tracking) 

� Multiyear ice coverage can differ substantially 
depending on whether it is calculated as an 
extent or area 

� Melt onset/freeze up 

� etc 



Ways forward: 
�  More variables requested for CMIP6 for Arctic sea ice (SIMIP), allowing process 

based analysis of model biases and spread (and a few more daily variables) 

�  Development of process based metrics (e.g., SIMIP, 
http://www.climate-cryosphere.org/activities/targeted/simip) à beyond 
detecting biases, by thinking about what they tell us about our understanding 
of the processes and/or their representation in models 

�  New automated model evaluation tools for CMIP6 (
https://www.esmvaltool.org/), to allow scientists to focus on in-depth 
analysis (sooner) rather than standard analysis already done for previous 
model simulations  

�  Development of sea ice emulators (Roberts, Jahn, Notz), to improve the gap 
between variable definitions 

�  More communication between modelers and observers, so we learn each 
others language! 

The purpose of models is not to fit the data but to sharpen the question. 



How can I make my data useful 
for models? 

� Publish your data and put your data out there, with 
good metadata and error bars.  

�  If possible, use your data to test model sensitivity to 
change à sensitivity is a lot more important to get 
right than the mean, as mean biases can be more 
easily corrected 

� Ask a modeler which parameters are most uncertain/
would benefit from more understanding of the 
physics/refinement of parameterizations 


