Climate Change

Complex Models. EBMs are straightforward and,
espedally when one moves to the 1-D case, give
qualitative understanding of various important
phenomena. But this transparency is achieved by
omisson d amultiplicity of fadors. For example,
becaise they ded with energy flows, the only

soil, lakes, glaciers

interconnection dynamics

thing that comes out of them is temperature. Other - ‘ om0 amodynamics
climatic variables, for example, the movement of ?vﬁg‘é:{?iirbOn lﬁ

. . . . Y cic.) fluxes -
air masses, must either be ignored o, in the cae /| 11 seaico

of 1-D models, inferred by ad hoc arguments. Not

surprisingly, “red” climate models — the ones =
used to forecast global warming — are far more i

Oceans

complicated. Of these, we note the foll owing:
+ Raditive mecive rodels (RCMs) peform 51042 . Qcemiand amampere-ea ce e
detailed caculations of radiative transfer, the  program that transfers fluxes between them. From
Gain and Loss functions in Figure 1. To this  *McGuffie and Henderson-Sell ers (2005).

end, they divide the a@amosphere into layers,

which complicaion al ows for the @nstruction d vertica temperature profil es.

« General circulation models (GCMs) are more ambitious — the objed being to describe world
wide amospheric and/or oceanic drculation. As such, they compute drculation patterns from
first physical principles, integrating the gopropriate equations of motion forward in time from
speafied initial condtions. Almost invariably, GCMs are three dimensional, in which regard
the @mosphere (ocean) is divided into cdls within which the various physicd processes op-
erate homogeneously. The cells, in turn, are cuped by transfer of the gpropriate quantiti es
— mass energy, momentum, etc. —in much the same way that 1-D EBMs couge latitudinal
bands by Fickian diffusion.

» Unified earth system nodels (UESMs). Historicdly, GCMs derive from models used to gen-
erate meteorologicd forecasts. With the passage of time — and the avail ability of ever-faster
computers — they have mme to include various “add-ons.” The result is today’ s unified eath
system models (Figure 6) in which a cuper program transfers quantities from one subsys-
tem to another. Often, complexity of the ald-ons exceals that of the core. Importantly,
UESMs are computationdly bound By thisis meant that run-length (number of days/ years
simulated) and resolution (cell size) are limited by the avail abili ty of CPU cycles.

Parameterization. All climate models include aljustable parameters. Their presence results
from the necesgty of averaging over time and space (within cdls) and by the omisson a simpli-
ficaion d subsystems. As Covey (1989 remarked,

“Not even anincrease in computing speels of several orders of magnitude will permit
models to encompass Patial scales from milli meters to thousands of kil ometers, time
scales from seconds to mill enia, andto treat in detail subsystems as varied as the atmos-

! Analogously, is the interesting, and so far as | am aware, currently unresolved, question as to whether or not the
human brain is computationally bound [REF].
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phere, the oceans, gaciers and dl the ()
comporents of the biosphere. Conse-

g 8 10]5 Projected systems
quently, there will always be a need for % o TN et
parameterizations and inevitably some of s L i
the parameterizations will be of doultful S o ATt
validity.” § f/éé —— i
108 o A mip/megaflop
That was back in 1989, bu as McGuffie and 1000 _%/_/ ]
Henderson-Sellers (2005 observed a decade and 1
a half later, a paucity of CPU cycles remains, and (b) 1940 1960 1980 2000 2020 2040
apparently will remain, a reality with which the — N
modeling community must live (Figure 7). ol Ded stom  [Systom Mocels

Models
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It shoud be emphasized that there is nothing
wrong or even unwua abou this. The whade
point of modeling is to reduce asystem to its es-
sentias, or, to pu it ancther way, to determine _
what those esentials are? Indeed, were it poss- Modsis ((
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ble to reproduce the entirety of the world’s com- Modois  Models
plexity in sili co,? the result would be to substitute VLR A Saniel
amodel one doesn't understand for a system one 708 806 w0s  00e 105+

doesn’t understand.® In short, the validity (and

pradicd utility) of climate models depends on  Figure 7. Computer performance (a) and depend-
their ability to generate falsifiable predictions that ~ ence of feasible model complexity thereon (b).

can withstand olservational scrutiny. From McGuffie and Henderson-Sell ers (2005.

Forcings. Increasing greenhouse gas concentrations — the result of human adivity —is caled as
anthropogenic forcing, “Anthropogenic,” of course, refers to the source the alditions; “forcing,”
to the ideathat an external perturbation is causing the system to deviate from its natura behav-
ior. In the cae of human activity, the meaning of the word, “natural” — terra sine homine —is
easy to infer; likewise with variations in the erth’s orbit and aientation (seebelow) which may
be regarded as externa to the planet and its biota. But climatologists ek of other forcings —
volcanic guptions, for example, which are part of the system, bu, often, nd of the models. In
short, whether a processis viewed as part of the system or an external forcing dten reflects what
the modeler can, as a matter of practicdity, or choases, as a matter of outlook, to model. This
brings us back to the system-environment distinction dscussed in Lecturel.

2 The way one goes abouit this, of course, is by inducing predictions that are then tested with experiments or obser-
vations. When, asis often the cae, the predictions fail, one goes badk to the workbench and reformulates the model.
To be useful, the new version must resolve the previous discrepancies and generate new predictions that themselves
can be put to the test.

3 A recant, and arguably pretentious, additi on to the more famili ar terms, in vitro and in vivo.

* Seg for example, the dlegory, On Exactitude in Sience, by Jorge Luis Borges (1998.



Climate Change

Of course, such decisions are not whally arbitrary.
As previoudly discussed, time scades matter. In
particular, if time scales are disparate, ore pro-
cealsin ore of two fashions:

1. If it isthe short-term that is of interest,
one fixes the values of the slow vari-
ables, imagining them to be constant.

2. If it is the long-term that matters, ore
assumes the fast variables are “slaved”
to the low ones, i.e., one imagines fast
subsystems to be in approximate egjui-
li brium with the slow ones.

In this oirit, variations in solar flux due to

changes in the earth’s orbit and orientation — so-

cdled “Milankovitch cycles’ — are treaed as ei-

ther constants (interest in the nea-term) or as
“drivers’ (interest in the long-term) of the dimate
system. Thisis because, the time scdes— 100,000
yeas (orbital eccentricity), 40,000y (axia tilt)

and 23,000y (precesson) — are long, relative to

those on which short-term climatic change occurs.

Interestingly, Milankowvitch frequencies sow up
in ice-core data (Figure 8), suggesting that orbital

forcing has played arole in comings and goings of

the ice during the past million years. Also inter-

esting isthe fact that these frequencies acoourt for

only a fraction d the total variance — i.e., were
they the whale story, the power spectrum in Fig-

ure 9 would have prominent pe&ks rising out of

the badkground. One eplanation for the adual

form of the spectrum is observationa error; an-

other, that the dimate fluctuates on many time
scdes, which, as snown in Figure 9, it most cer-

tainly does.

The Consensus View of Climate Change. Rep-
resentative of the so-called “consensus view” of
climate dhangeis arecent article by Hansen et al.
(2006. The principal claims are & foll ows:
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Figure 8. Power spedrum based on oxygen-
isotope ratios (proxy variable for temperature)
from deep-seaice @res. The peeks at 106 and 4%
ka ae mnsistent with Milankovitch forcing. Re-
drawn from Imbrie and Imbrie (1979).
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Figure 9. Temperature and snowfall records re-
constructed from Greenland ice ®res. The Little
Ice Age and Medieval Warm Period are dwarfed
by ealier fluctuations guch as the Y ounger Dryas.
From Alley (2000.

1. Greenhouse gas concentrations (Figure 10) and global temperatures (Figure 11) have
beenrising, at least since the onset of the industrial revolution (Figure 12).
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2.

The former drives the latter as indi-
caed by correlated fluctuations in CO,
concentration and reconstructed tem-
peratures over hurdreds of thousands
of years.

Increasing concentrations of green-
house gases are the result of anthropo-
genic forcing.

Continued anthropogenic forcing will
lead to further increases in tempera
ture, rising sealevels, widespread de-
sertification, etc. (Figure 13).
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Figure 10. Remnstructed and measured concen-
trations of atmospheric CO, from Bed (2007
after Kedinget al. (200
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Figure 11. Rising dobal temperatures (left) and current (20012009 surfacetemperature anomaly. From Han-
son et al. (2006)
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Figure 12. Current temperatures compared with paleo recnstructions. From Hansen et al. (2006. According to
the figure, current seasurfacetemperatures are the highest in over 100ka.
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Problems. Objedions to the consensus view in-

Annual Mean Global Temperature Change: AT (°C)
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Figure 14. Bed's (2007 remnstructed chemicd record of atmospheric CO..

acairate to within 5%.

Likewise, “hockey-stick” (Mann, et al., 1998, bti see MclIntyr and McKitrick, 2003 recon-
structions of northern hemisphere temperatures are negled the down-up pettern (LO0O0AD to
the present) shown in Figure 9, with the Little Ice Age first driving Greenland Vikings to
switch (Figure 15) from a diet of milk and mea to ore of sed and fish (Arneborg, et al.,
1999 and later to abandontheir settlements altogether.

While, atmospheric CO, and temperatures are wrrelated over long periods, it is apparent
that, at least in some caes, increasing temperatures precede increasing concentrations of CO,
(Caillon, et al., 2003.

Historicd, espedally pre-industrial, variations in temperature dso correlate (Figure 16) with
variations in solar adivity (Solanki, 2002 Scdetta and West, 2009, in which regard,
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Svensmark and FrissChristensen (1997

A Herjolfsnes
Svensmark, 1999 have propcsed a novel é %”}::
medanism invalving cosmic rays and cloud a3b @ fowen
formation
14 b o
A
5. Climate models are unreliable — in part be- 15} ‘; A
cause of the parameterizations noted above. =z . %
More generally, they ignore possbhle sources . O % 4
of negative feadback — for example, deaess- & | o .
ing cirrus cloud cover (which increases long  © -1z} ee .
wave re-radiation) in resporse to increasing P ¢ O 5o
temperature (Lindzen et al., 200)).
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Turbulence and Chaos. The most emnanmicd

interpretation d the historical recrd and paleo

recnstructions taken together is that the dimate
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Figure 15. Changing diet of the Greenland Vi-

fluctuates on all posgble time scdes. Thisisthe

kings. From Arneborg et al. (1999.
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Figure 16. Pre-industrial solar adivity and northern hemisphere temperatures. Frtom a
NASA pressrelease. See dso Scefettaand West (2006,
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definition o turbulence, and it raisestwo questions: The first isthe origin of the fluctuations — to
which ore can pant either to solar forcing, which isitself turbulent, or to the dfeds of intrinsic
feadbacks and/ or delays.® The semndisthe origin of quasi-cyclic behavior, in which regard we
remark that chaotic motions are haraderized by the transient shadowing of periodic orbits with
the stability properties of saddes — see, for example, Schaffer et al. (1993 and references
therein. It is the aithor’s opinion that contemporary climate models, to the extent that they lack
thistopdogy, will ultimately prove wanting.

® These explanations are, of course, not mutually exclusive.



Climate Change 11

Sdf-Correction and Science. Scientists often speak of the self-correcting nature of the enter-
prise in which they engage. But history teaches that corredions are often preceded by protraced
periods of conformity, e.g., Powell (2001). This is especially the cae when science gets con
flated with ideology — seg for example, Gould (1981) and Roll-Hansen (2006) — as is arguably
the caein the present case.
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