Why.the warming can’t be natural: the
nonlinear geophysics of climate closure
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Climate Closure

n the battle of public opinion over climate change, we can play to
kcience's strengths by shifting tactics: Instead of struggling to prove

umans are to blame, let's prove denialist fantasies wrong

tine ot that me caly visbie ok warming & source. This
i B “pause” in vg ince 1958, and ot in o statissicol sense, Such & pouse is
eatramaty likody. Crodit: Shosn Lovejey

ByS.Lowejoy © 20 October 2015

Global warming science has concentrated on proving the theory that the postindustrial warming is
L
our arter

ely caused by human activities. ¥et no sclentific theory can be proved beyond all doubt, and

pts to convince people of the science are entering a period of diminishing returns
For example, the (AR5, 2011) of the International Panel on Climate

Change (1PC ed its 2007 statement *that human influence has been the dominant cause
of the observed w
“extremely likely " Meanwhile, those who reject this anthropogenic hypothesis have continued to

) reit.

rming since the mid-2oth century,” only upgrading it from “likel

pllSh their theory that the warming is a giant fluctuation of solar, nonlinear dynamics that are
internal to the atmosphere or other natural origin. For bre
“denialists,” following the suggestion of Gillis [2015]

vity we will call this group the
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Laws of Atmospheric iy W (-
Turbulence BT W cimae

o Pioneers SNS—

homogeneous

y and Schertzer 2013
Fluctyations = (turbulentﬂux x(/ale)H

/ Anisotropi
Cascading, Multlfractal
Wavelets Turbulent flux Space-time

Scale function

Fourier domain: .
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Early indications of wide range scaling
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Planetary scale Horizontal Scaling E(k)=&"

Satellite: TRMM visible, IR, 1000 orbits
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Atmospheric Boundary conditions
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Planetary scale space-time scaling: 1400 MTSAT IR images
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The climate is NOt
what you expect...

"Climate is what you expect, weather is what you get.”

-Lazarus Long, character in R. Heinlein 1973

144

“Climate in a narrow sense is usually defined as the ”average weather* ....
-Intergovernmental Panel on Climate Change, 2007

Expect macroweather!



Understanding the fluctuation exponent (AT (Af))=(¢)At"

o ’)
T h e I_ m O d e | (Lovejoy 2013, Lovejoy and Mandelbrot 1985)
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Intermittency
Multifractality,
Cascades

Is H enough?
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Cascades and Multifractals

Simulations: multiplicative introduction of small scale details
(low resolution to high) 8

The o model 000t
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“decrease”

Schertzer and Lovejoy 1983



Multiplicative
Cascades

Generic statistical behaviour:
scaling Scale invariant

’ \ . /;I'erulentﬂux /
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Statistical Resolution:
averaging ratio A=L/!
A
L I Probabilities:
a9 ——<) .
Pr(e, >A")=~ 2 = multifractal




Schertzer and Lovejoy 1987
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Early evidence of

cascades:
Precipitation

3 weeks of rain data, 1987
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§ Scale-dependent TRMM PR Attenuation Corrected
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| Horizontal Temperature Cascades
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IVI u Itifra Ctal BUtte rﬂy effeCt... (leads to black swans events)

Pr(Av > S) ~ 5 1P
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Divergence of moments in Paleotemperatures...

Vostok (then)
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Stratification,
Scaling Anisotropy
and
Generalized Scale
Invariance
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An |SOt rOpIC Sca | | ng (Generalized Scale Invariance) (schertzer and Lovejoy 1985)

D.=23/9=2.55

empirical:
2.57+0.02

The 23/9D model: _ Colganoobukhoy
éV(AX) — 81/3A§1/3; AV(AZ) — ¢1/5AZ3/5

Kolmogorov Volume=L-L-|_Hz=|_De! D,=2+H,=23/9 H,=(1/3)/(3/5)=5/9
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The unity of geosciences: clouds and rocks

2000 km Parameters: H,=5/9, L, = 0.1 km
>

(@ -

density
.| ()
ensity 20 km

2000 km Parameters: H, = 2., L, = 40000 km

aspeCt ratlos = 1/5 Lovejoy and Schertzer 2008



Statistical testing of
Anthropogenic
Warming
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Global temperatures: NASA - GISS data
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The Natural Warming Hypothesis

What is the probability
of a =1°C global
temperature increase
over = 125 years?




Probabilities of extremes: Bell Curve, Black Swans

Usual representation Representation showing extremes
Post industrial
warming
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Macroweather

(monthly, seasonal, annual, decadal)
forecasting



Limitations of General Circulation Models
and stochastic alternatives

Loss of deterministic predictability after 10 days
= “butterfly effect”

“Does the flap of a butterfly’s wings in Brazil set off a tornado in Texas” Lorenz 1972

Temperature L/ Forecast
t “~ Lorenz's experiment:
) / the difference between
’ | /L }’ { hace s oy
\ 000127 d
VAV / '\
« l 1 4)
time

Actual temperature

But by harnessing the butterfly effect we obtain
some stochastic predictability....




GCMs for forecasts longer than = 10 days

“Brute force”

Weather systems generated by GCMs
= random weather noise...

but not fully realistic
Averages: slow convergence to

Model
climate

Scaling laws generate
realistic noise

<__

Potential advantages of stochastic forecasting:
a) More realistic weather “noise”

b) Ability to use empirical data to force convergence to the real climate




ScalLIng Macroweather Model (SLIMM)

1. Macoweather = 30 years industrial, 100 years pre-industrial

<AT> ~ Ar" -1/2<H<0

2. Simple model: fractional Gaussian noise:

T(t):j[o(t_t,)(l/zH),Y(t/)dtf e d"? T(t) ,Y(t)

\ d H+1/2

G . Corresponds to fractional
al_JSSIan_ integral of order H+1/2 of white
white noise noise

3. Vast memory due to power laws
4. Memory can be used for forecasting, the latter is a solved problem mathematically



The unsuspected Elephantine
(“long range”) memory

Memory needed to obtain 90% of the

theoretical maximum skill ™~—~—,

LTI 600
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White noise H

-0.1
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Using SLIMM to Hindcast

)

the “Pause”, “slowdown”,
“hiatus” since 1998

(The conditional probability of the pause)



The pause with SLIMM forecasts

Black: SLIMM ensemble
mean hindcast from 1992
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Regional monthly,
seasonal, annual
forecasting using SLIMM




Comparing seasonal (3 month) SLIMM and CanSIPS (GCM)
an1Ps, 3 months ho

——

Blue= negative skill Jan. 1982 - Dec. 2008
Difference of Skill SLIMM - CanSIPS
= e

SLIMM>CanSIPS
90% of earth




Conclusions:
The (unfinished) geo-revolutions of our time

-Geodata and informatics:
Data sets spanning three or more orders of magnitude in space and in time are

now increasingly available (remote sensing, in situ networks, reanalyses)

-Computing and in numerical modelling:
Ex.: General Circulation Models now span three or more orders of magnitude in
scale, in time from minutes to Millenia.

-Nonlinear understanding:
Systems with dynamics spanning wide ranges of space-time scales:
fractals, multifractals, generalized scale invariance, extremes

(+deterministic chaos + self-organized criticality + networks+ nonlinear waves+...)




