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Evolution not Revolution:
Charting a realistic path forward?
Gavin Schmidt, NASA GISS

Wouldn’t it be great if…

…there was an overarching
theory that predicted climate
sensitivity from first principles?
…we could design
parameterizations that always
gave the right emergent
response?
… GCMs were more
aesthetically pleasing?
…no people were involved in
scientific progress?
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6 model versions:
2 x oceans
- Russell
- HYCOM
3 x atm.
composition:
- non-interactive
- interactive
- including
parameterised
AIE
Multiple forcings:
- single forcings
- collections
- alternates

Early CMIP6 results
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Issues/needs

Better coordinated data analytics
GCMs in DA
Parameterization development and tuning
Paleo-climate “out of sample” tests
Complexity and Coherence
Exploration of structural uncertainty
(= “arbitrary and ad hoc coding decisions”)

The process-based diagnostic
challenge
Imagine....
Reanalysis: find mid-latitude storms
Satellites: Create composite
Models: Create composite
Models: Create pseudo-satellite views
Compare processes...
Estimated completion time using current
technology?
Years.
Need multivariate/parallel time-spacemodel-ensemble member filter combined
with multi-variate compositing/analysis
Bauer and Del Genio, 2006

Multiple, diverse single column case
studies: LES—> SCM —> GCM
Condi&ons

Case study

dry convec*ve boundary layer

idealized [Bretherton and Park 2009]

dry stable boundary layer

GABLS1 [Bretherton and Park 2009]

marine stratocumulus

DYCOMS-II RF02 [Ackerman et al. 2009]

marine trade cumulus (shallow)

BOMEX [Siebesma et al. 2003]

marine trade cumulus (deep, raining)

RICO [van Zanten et al. 2011]

marine stratocumulus-to-cumulus transi*on

SCT [Sandu and Stevens 2011]

con*nental cumulus

RACORO [Vogelmann et al. 2015]

Arc*c mixed-phase stratus

M-PACE [Klein et al. 2009]

mid-la*tude synop*c cirrus

SPARTICUS [MÃ¼hlbauer et al. 2014]

tropical deep convec*on

TWP-ICE [Fridlind et al. 2012]

con*nental deep convec*on

EUROCS II [Guichard et al. 2004]

Stratocumulus to trade-cumulus transition
Goddard Institute for
Space Studies
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Big improvements in representation of MJO
:

1 JULY 2012
1 JULY 2012

KIM ET AL.
KIM ET AL.

CMIP6: GISS-E2.1-R

FIG. 3. Space–time spectrum of the 158N–158S symmetric component of pre
(a) GPCP, (b) AR4a,diagrams
(c) AR5a, (d)
C_AR5a, from
(e) AR5c,
(Wheeler-Kiladis
extended
Kim(f)etAR5a_Ent1,
al, 2012) (g)12AR5a_
the dispersion curves of the odd-numbered meridional mode equatorial waves for

Self-generating stratospheric QBO
Goddard Institute for
Space Studies

Tropical winds in lower stratosphere
Observations

GISS Model

102 Layers + Model Top 0.002 hPa
13
Rind et al (2014)

Goddard Institute for
Space Studies

Comparison of vertical profile of cloud
ice w/CloudSat

Goddard Institute for
Space Studies

Representation of Volcanic Forcings:
CMIP5 to CMIP6

CMIP5: Prescribed Stratospheric Volcanic AOD, Sato et al 1993, and updates
CMIP6: Prescribed Stratospheric Volcanic AOD , Luo et al (CMIP6 protocol)
Emission driven: Historical VolcanEESM (Neely, Schmidt, 2016)
NINT
Offline Ozone and Aerosol fields are read in
OMA
Interactive Chemistry and aerosol scheme
[Mass]

MATRIX
Interactive Chemistry and aerosol microphysical scheme
[Mass, Number, Mixing State]

Solar-only regression (~70 cycles)
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GISS modeling summary
Goddard Institute for
Space Studies

Major improvements in atmospheric properties
since CMIP5
Better representation of key modes of variability
Deeper understanding of forcing mechanisms
and uncertainties
Greater potential for exploring interactions
(solar/QBO/MJO/AO, Volcano/QBO/ENSO etc.)

GCM Parameterization Tuning: incorporating
knowledge of observational uncertainty

No Observational
Bias

Use smart sampler to adjust
parameters and find local maxima in
goodness…

E is “model goodness” metric;
F is the model field;
R is the reference/truth;
W is the weighting term.
Incorporate obs. bias into ‘W’
(i.e. key component of our
work: develop a regime- or
region-aware weighting;
penalize model less where
observational biases are larger)

With Observational
Bias

Elsaesser et al (in prep)

Relationship between different
measures of present-day model skill

Santer et al, 2012

“… from what has actually been, we
have data for concluding with regard
to that which is to happen thereafter.”
James Hutton (1788)
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Land-Ocean contrasts are robust in past and future

Future
warming
simulations
Past ice age
simulations

Reconstructions
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Masa Kageyama (Schmidt et al, 2014)

A lake burst 8000 years
ago...
ARTICLE IN PRESS

T. Kobashi et al. / Quaternary Science Reviews 26 (2007) 1212–1222
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Greenland ice...
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... providing an out-ofsample test for the same
models that predict ocean,
dust and CH4 changes in
the future.

Fig. 1. Greenland ice core records covering the past 16,000 years (oxygen isotopes of ice and methane). Note that the 8.2 ka event punct
warm and stable past !11,000 years since the end of the last glaciation. (Top) GISP2 oxygen isotope record (Stuiver et al., 1995) with
average. The oxygen isotope record can be considered as a qualitative temperature record on this time scale. (Bottom) Methane concent
Owing to the different resolution and precision of methane records in GISP2 and GRIP, we used records from 175 to 7530 BP and 876
GRIP (Blunier et al., 1995), and records from 7612 to 8617 BP (this study) and 10,153 to 16,507 BP from GISP2 (Brook et al., 2000)

This hypothesis holds that a massive outflow of fresh water
ran out the Hudson Strait, to the North Atlantic, causing a
slowdown of the meridional overturning circulation, which
enabled wintertime sea ice cover to expand with consequent hemispheric cooling and drying especially surrounding the North Atlantic area (Alley and Agustsdottir, 2005;
Ellison et al., 2006). An alternative hypothesis is that a
millennial-scale cooling trend started a few centuries earlier
than the 8.2 ka event (Rohling and Palike, 2005). A minor
solar minimum coinciding with the 8.2 ka event (Muscheler
et al., 2004) as a third hypothesis, may have forced the
system to cross a threshold and may have triggered the
8.2 ka event (Bond et al., 1997, 2001).
In this study, we address the detailed timing and
evolution of the 8.2k event by measuring nitrogen isotope
ratios and methane concentration in trapped air in the
GISP2 ice core. Atmospheric methane concentration can
be viewed as a qualitative indicator of integrated terrestrial

precisely and directly assess the timing of
change in Greenland with respect to cha
spheric methane, by comparing two gases in
We also provide an improved estimate of th
the temperature change in central Greenlan
2. Materials and methods

We used the GISP2 ice core for our
!22 of nitrogen isotope data is 1 m (!
resolution
1359.95 to 1458.95 m depth, corresponding
range of 7600–8600 BP (see below for the
chronology). Replicate analyses (2–3 for ea
conducted for the entire record. Additional
done in the intervals 1412.95–1416.95 m (6
depth) and 1417.97–1423.95 m (4 replicates
increase the confidence level of the temper
for the 8.2 ka event. The total number of sam

Points I’d like to make

Enhanced data analytics goes hand in hand
with more efficient model development
Paleo-climate “out of sample” tests remain
essential for building credibility in projections
Need to increase complexity and coherence
Exploring structural uncertainty is essential
Current efforts may not be totally optimal, but
they are headed in the right direction

