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Some “Known Knowns” about
Anthropogenic Climate Change
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Some “Known Knowns” about
Anthropogenic Climate Change

Global average temperature 1850-2017
Updated from Morice et al. 2012
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Some “Known Knowns” about LETTERS

PUBLISHED ONLINE: 18 JANUARY 2016 | DOI:10.1038/NCLIMATE2915

Anthropogenic Climate Change

_ _ Industrial-era global ocean heat uptake doubles in
o Atmospherlc CO-> concentration recent decades
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- Global-mean Temperature has

Increased since pre-industrial by
over 1°C (1.8 °F)

* Over 90% of the extra heat is
stored In the oceans and its
accumulating fast.
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What matters for long-term climate prediction

of global mean temperature?

« Controls on:
» Long-term warming
» Delay by ocean

 Net forcing

ceforest@psu.edu
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How do we define Equilibrium Climate Sensitivity?
Start with a “simple” equation for the Earth’s Energy Balance.

Consider the energy balance equation for the change in global-
mean surface temperature (AT) from equilibrium:

dAT(t)
cp—— = F(t) = AAT(2) — @o(Ky)

Change in global Future Net Flux of heat
mean heat content Forcings Feedbacks Into deep-

A= 1/S ocean

Conceptually: This is a good framework for organizing how

climate sensitivity is defined.
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Let’s start with the energy balance equation for the change In
global-mean surface temperature (AT) from equilibrium:

U) _ p(1) — AAT(t) — @

Cp v)
Change in global Future Net Flux of heat
mean heat content Forcings Feedbacks iInto deep-
A= 1/S ocean
POINT 1:
At equilibrium, d/dt = 0 and the heat flux A F5
: . €T
into the deep ocean is zero ATs5, = ) = ECS

so we define Equilibrium Climate
Sensitivity (ECS) as:

ceforest@psu.edu
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Let’s start with the energy balance equation for the change In
global-mean surface temperature (AT) from equilibrium:

L) _ () — AAT(t) — @o(K)

Cp
Change in global Future Net Flux of heat
mean heat content Forcings Feedbacks iInto deep-
A= 1/S ocean
POINT 2: The Feedback term and the Ocean Heat Flux
are always trying to counteract the Forcing term ... F(t)—®,(Ky,)(t)
Aeff = T(t)

POINT 3: ... but, Earth has multiple feedbacks and they
are not always active. So the net feedbacks are
changing with time and are estimated as Effective

Climate Sensitivity. 6
ceforest@psu.edu
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Why does it matter if feedbacks change with time?
Let’s visualize the transition to equilibrium.

o \ L F)=2,(Ky) ()
a Equilibration of CESM and CMIP5 models ef f — T(t)
10 -
3 : Year 1-3
£ 8 - A=2.0Wm™ per°C
% | ECS implied =2.1°C
S 6 -
)\T(t) _I_ Q)O(t) = - Year 50-100
© 4 A=0.87Wm™per °C
E ECS implied = 3.0 °C
2 2 -
o
© ]
S 0- -
| l | N L l |
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Surface temperature anomaly (°C) AT(t)
i, Ru en teln and Hegerl, 2017, Nature Geoscience, DOI: 10.1038/NGEO3017 7
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Why does it matter if feedbacks change with time?

a Equilibration of CESM and CMIP5 models

b Processes influencing the evolution of climate feedbacks

£
(e Forcing definitions
& 0 O ] n
v Forcing adjustments
-
L o
. . Natural variability
. @
'é ~~~~~~~~~~ Forcing magnitude
e T N
O
O
O
a% 3
Base-state ™.
dependence Temperature-dependent feedbacks
i Earth system feedbacks

Surface temperature anomaly l l l

Effective  Equilibrium Earth
climate climate system
sensitivity sensitivity  sensitivity

Knu[t&é') Rud;en tein, and Hegerl, 2017, Nature Geoscience, DOI: 10.1038/NGEO3017
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a Equilibration of CESM and CMIP5 models

Radiative imbalance (W m'2)
o N I o o)
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cefore

Year 1-3
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ECS implied = 2.1
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A=0.87Wm™p
ECS implied = 3.C

Forcing definitions

Radiative imbalance

Why does it matter if feedbacks change with time?
b Processes influencing the evolution « Because fully

coupled models account

for these changes...

Forcing adjustments

and simple models do not.

* Natural variability
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Temperature-dependent feedbacks
____Earth system feedbacks
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Surface temperature anomaly l l l

Effective  Equilibrium Earth
climate climate system
sensitivity sensitivity  sensitivity

een l’[Jein, and Hegerl, 2017, Nature Geoscience, DOI: 10.1038/NGEO3017
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Here is an example using the MIT MESM,

an Earth System Model of Intermediate Complexity,

with
Radiative Imbalance %
(Wm? 5
MT(t) 4+ ®o(t) 5
Orange: Years 1-20
Blue: Years 20-300 -
> 16-
AT(t)
% 14 -
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Here is an example using the MIT MESM with

422.15

Radiative Imbalance
(Wm-)

~~~~~ ECS = 6.97 K
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Climate System Feedbacks

(IPCC WG1 AR5 Figure 9.43)

Example for Water Vapor Feedback

. external change |
' in forcing |

...........................................................

surface
temperature
+
////" \\\\‘\_+
greenhouse ability of air to
effect hold moisture

positive
feedback

| .

atimospheric -+ evaporation
water vapor +

11
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Understanding Climate System Feedbacks
(IPCC WG1 AR5 Figure 9.43)

- Climate System

N
2
commo
o
@m0 O
o
——

Feedbacks =~
O o
- Planck function, g | ©
<
- Water Vapor (WV), S 0
© o,
- Lapse Rate (LR), = 5
S - o*
WV + LR <
4V
- Cloud, 8 -2
T
* Albedo, and
-3 ..
« ALL Combined —
P WV LR WV+LR C A ALL
Feedback Type
@ CMIP5 mean ® CMIP3 mean CMIP3 models ©BNU-ESM O CanESM2 O CCsM4 O HadGEM2
O INM-CM4 OIPSL-CM5A-LR ©O MIROC5 OMPI-ESM-LR MRI-CGCM3 O NorESM1-M
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Do Climate Feedbacks stay constant with time? NO!

namure _
geoscience LETTERS

PUBLISHED ONLINE: 31 OCTOBER 2016 | DOI: 10.1038/NGEO2828

Impact of decadal cloud variations on the Earth's
energy budget

Chen Zhou*, Mark D. Zelinka and Stephen A. Klein
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Geophysical Research Letters

Variation in climate sensitivity and feedback parameters
during the historical period

J. M. Gregory'? and T. Andrews?
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Do Climate Feedbacks stay constant with time?
NO!
But why not?
Because cloud patterns shift when Sea Surface Temperatures change

As one example...

Remote warming
of troposphere

b Strengthening
inversion

C

More low-level clouds

< — _ > Temperature trend 1980-2005 (K per year)

-0.08 -0.0 0 -0.02 0. OO 0.02 0 0.08

ceforest@psu.edu Mauritsen, 2016, Nature Geo



mailto:ceforest@psu.edu
ceforest
Typewritten Text
As one example...


How uncertain are estimates of ECS now?

Constraints from the observed warming in response to forcing Inferred from GCMs Constrained with

Reviews, theory,

Paleoclimate proxies

climatology combined lines of evidence and modelling
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Latest Results from Libardoni et al. (2018, in prep)
Climate Response Surface

Revised PDFs using only 19
1991-2010 Ocean Heat
Content data

Percentiles: 5, 50, 95%
- ECS: 2.4,3.2,4.6 °C
*TCR:14,1.7,2.0°C
* Faer: -0.47,-0.24,-0.05 Wm-2 2
- sqri(Kv): 0.9, 1.8, 3.7 cms-1/2

Climate Sensitivity (°C)

SQRT(Ocean Diffusivity) SQRT([cm?5])
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What’s missing from this discussion?

- Earth System Sensitivity (Very long time-scale feedbacks):

- Carbon cycle feedbacks

* Ice sheet feedbacks

* Ocean circulation feedbacks on heat and carbon budgets
- Observations of Paleoclimate

- Other regional or transient climate sensitivity issues

18
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Conclusions:

» Equilibrium Climate Sensitivity is defined by the set of feedbacks.
» Feedbacks change with time and are “model” dependent.
* Not accounting for changing feedbacks leads to wrong estimates of ECS.

 The additional climate data from the past 20 years has a significant impact
on our understanding of the ECS and TCR.

19
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Extra slides
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