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The Conventional Wisdom: Anthropogenic Global
Warming (AGW)

“The standad explanation for the
post 197G warming is that the radia-
tive dfect of greenhowse gases over-
came short-wave reflection effects due

to aerosols’ (Tsoniset al. 2007). ¢

Forcing (Wm~2)

¢ & & & ¢ & &
CO, (ppmv)

Temperature al

In the models, “greenhouse gas-

ses’ (GHG) include CO,, water -{ |V
vapor, methane, etc., but in dffer- = = = =

ent ways (See below) Figure 1. Historic observed tem-

1. Most attention has focused on  peraure anomaly (blue line) com-

. . pared with variation in atmospheric

COZ’ which has been Steaj”y CO; (red line). The orange line

Increasing (Figure 1). shows the dimate model that best

. . reproduces observed temperatures.

2. Non-_anthropogenlc forci ngs “Forcings’ are shown in the bar

considered lessconsequential  graph at the top of the figure. The

3. Predicted consequences of Sigft temperature drop between

) ) 1945 and 1975 refledas diminished
continued CO, acaimulation slar insolation; the subsequent

include rise, increasing greenhouse gasses.

a lce @p melting | sea From Ammann et al. (2003).
level rise.

b. Droughts/ storms

c. Crop falure, exlogicd disruption, etc.




Il . Energy Balance M odels. Quasistatic Climate Model

A. Posit a balance between gain Gain (Short
Flux Wave Radiation

and loss of energy.
1. Gan:

Loss (Infra-
red Radiation)

G(T) =k(1- a(T)) (1)

- Tistemperature I T > <
- k is the solar flux ° Temperature
crosssedional area of
the eath . Figure 1. Modd of globa tem-
) , perature positing a balance between
- a isthe earth’salbedo incident short-wave radiation from

the sun and re-radiated heat. Sig-
moidal shape of the gain function
2.L0ss reflects the abedo of fresh snow
(.8-.9) and seaice (.5-.7) — greater

L(T) _ esT“, (2) than that of water (< .1).

- e(0 e 1)isemissvity.
. S iIsthe Stefan-Boltzmann constant ©~ surface area of
the entire eath.

3. Overdl:

dT 4
CE =k(1- a(T))- esT (3)

- Cisthe heat capacity of the eath.
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B. Feadbacks:
1. Albedo: Water freezes at ap-
proximately 0° C => G(T) sigmoi-
dal.

2. Emissvity: Changing temperature
aff eds cloud cover — seebelow.

C. Threeequili bria (Figure 2).
1. T, “Frozen eath” — stable.
2. T.“Noice” —stable.
3. T, — unstable.

D. Eq (3) permits qualitative under-
standing of familiar phenomena.

Quasistatic Climate Model

Gain (Short
Flux ‘Wave Radiation

Figure 2. Sigmoidal shape of
the gain function reflects the
high abedo d fresh snow
(.80-.90) and sea ice (.50-
.70), which is greder than
that of water (< .10).The
three equilibria of which T,
and T.are stable.

1. Summer vs. Winter: Incident solar flux varies sasonaly,
l.e., G(T) displacad up (summer) or down (winter).

2.High vs. Low Latitude: Gain curve raised or lowered as
one moves toward the equator (up) or the poles (down).

3. Greenhouse Effect: Increasing greenhouse gas concentra-
tion in the amosphere lowers the Loss curve.
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Figure 3. Left. Summer —winter and high vs. low latitude contrasts. The Gain curveis
raised or lowered. Right. Effect of increasing greenhouse gasss (GHG) lowers the
L oss curve. Note the disappeaance of equilibriain both cases.

E. Importance of hea capaaty.

1.

Rate of temperature
change proportional to

1/C.

2.1f hea capaaty small,

system would

track

equili bria during the year
=> oceans would freeze Insolation

solid in winter.

3.In fad, hea cgpaaty suf-
ficiently large that cli-
mate doesn’t equili brate.

Temperature

Figure 4. Quasistatic response to seasonal
changes in insolation. Abrupt changes in
temperature occur at paints, B; and B,. In
redity, the system follows a path more
nealy like the blue dlipse.



E. Deficiencies.
1.Earth not apoint —
a. k varies with latitude;
b.Tropicd heda flows from
tropicsto the poles.

2.Replace Eq (3) with models
that

a. Divide the arth into lati-
tudinal bands.

b. Allow for heda transfer
between adjacent bands —
often approximated by dif-
fusion (Fick’s Law).

3. More detail ed models include
a.mass transfer by winds and
currents.
b.hea transfer between ocean
and the amosphere
C. etc.

4. These processes operate on
vastly different time scaes:

- atmospheric processes fast.

- oceanic processes dow.

00000

0(,(9 1 )S( 3] 1) Reflected
shortwave
a(02)S(62) energy
S( 1) Input
shortwave
S(67) energy
Qutput longwave

energy in zone 6;:

R(6;)=IA + B(T( 6
Surface temperature Ot (Te O]

of Zone 0j 1s T(6;)
8

Transport of energy
between zones:

Albedo of Zone :
F(B)=C(T(6))-Tavg)

18 0 05

Figure 5. 1-dimensiona EBMs
provide for energy exchange be-
tween adjacent latitudinal bands, q;
and g+;. Averaged values of solar
input and albedo are replaced by
latitudinal functions.

Figure 6. Hea transport by ocean
currents. Warm, shallow equatorial
water flows north, where it loses heat
to the @mosphere, becomes <ltier
and sinks. Now cold and deep, it
flows south and then north, eventu-
aly rising and re-gaining hea in the
northwest Pacific. The oycle takes
about athousand yeas. From Climate

Change Impads on the United States
(http://www.usgcrp.goviusgerp/Library/n
ationalassssnent/over viewcoastal .htm).




| . Modeling the Climatein Detail.

A. Radiative @mnvedive models (RCMSs)
- Perform detalled cdculations of radiative transfer, the
Gain and Lossfunctionsin Figure 1.
- Divide the @amosphere into layers — alows for the con-
struction of vertica temperature profil es.

B. General circulation models (GCMS)

- Describe global atmospheric / oceanic drculation.

- Atmosphere / ocean dvided into cdls within which
physicd processes operate homogeneously.

- Coupled by mass energy, momentum, ... transfer.

. Compute from 1% physicd
principles.

- Integrate equations of mo-
tion forward in time from
speafied initial conditions.

C. Unified earth system nodels
(UESMS)
GCMs plus “add-ons.”
“Coupler” program trans- Figure 7. Ocean-land-atmosphere-
fers quantities from one sea ice model. Submodels con
nected by a oupler program
subsystem to another. (black) that transfers fluxes be-
. Compl exity of the add-ons twee them. From McGuffie and
Henderson-Sell ers (2005).
generally exceeds that of enderson-Salers (2000

the GCM core.




D. Thousands of variables and parameters.  “ ., ..

1. Computationally bound — time ssmu- ..

lated / cdl size limited by available
CPU cycles.

2. Processes operating on small time /
length scdes must be approximated
with averages.

3. Not al parameters can be estimated.  Figure 7. Computer
performance (@) and

. .. feasible model com-
4. Some fitted by “training’ programsto plexity (b). (McGuffie

' ' d Henderson-Sell
historicd data. ggoslen erson-Sellers
5. Output properly as hypotheses subject to subsequent
verification.

E. Output of large dimate models depends sensitively on
choiceof initia conditions.
1. Necesgtates averaging results over multiple runs.

2.lmpaossble to interpret mathematically.

3.Hard to extrapolate — I.e., uncertainty as to what will
happen if you change conditi ons.



V. CO, and Climate Sensitivity.

A. CO,
1. Reduces energy loss by absorb-
iIng (Figure 8) and then re-
radiating long-wave radiation

(LWR).
2. Some goes up, some goes down; "/ lwweeet’ \ ™
net effed is to reduce what goes ="

off into Space _ Figure 8. Energy absorbance of
3. Effed of CO, outweighs that of GHGs in the erth's atmosphere.
The principal species are water va-

gasses sich as r_nethane because oor. CO, (370 ppm — Up from pre
thereis more of it. industrial level of 280 ppm), meth-

4. Estimated to acount for about awe (17 ppm ~ up from .75) and
nitrous oxide (.31 ppm — up from

60% of tota radiative forcing 27
(2.4 W/m®)

Effective Climate Forcings (W/m>): 1750-2000

B. Water vapor:
1. Also an effective GHG.
2. Atmospheric content increases

with temperature.

3. Climate models build thisin as
a “fast feadbak.”

4. Contributes about half of the Figure 9. Estimated magnitudes of
total putative C02 effed. climatic forcings acording to Han-

sen (2008). Water vapor effed and
other “fast-feedbacks” not in-
cluded. From Hansen (2008).
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C. Clouas, e e ]
1. Water vapor => clouds. ggf. ArdoW mi—; dia
2. Two possble dfeds: s 22 i
a. Reduce emisgvity (positive 2 s} BN\ iAclear- 22 W mé|1©
feajback) & . o R E'G.Tf.'f ................. 2 gg 5
. o gt - OSUILLNL = il
b. Increase dbedo (negative E | : 25
= 15F 3.0 5
feedback) = | : o 35 =
1.0 £ —4.0
i ECMWF/UH &g CCM O 5.0
. ee . 05 '_ﬂEgal'wﬁ positive i gg
D. Climate sensitivity. Floodak 1 ieodoack 1
L D_ef Ined as the ef fe_d of dou- L0708 0.0 05 1.0 15 T
bling of atmospheric CO.. 8Q goug (W m2K)

: : AT
2. Conventional estimate 1.5-5° C. . _ .
) i Figure 10. Estimates of climate
3. Can be estimated in two ways. sengitivity, | (here given in units of
a RunaGCM. W/m?/°K) from various models dif-

: - fer principaly with regard to their
D. Analyze pal eoclimatic data. treatment of clouds. The quantity,

4., D|ff erent GCM ’ Sy|e|d d|ff erent DQ;E’“O', is the cloud component of
estimates of sensitivity (Fig.10). o

L7 _ sensitivity; /, isthe sensitivity of a
a. Largely dueto variationsin black body (perfect absorber /

how they model clouds. emitter of energy). Recdculated

from Cess et al. (1989) by N.
b. Long known (Cesset al " Shaviv (.http://www.sciencebits.com/)
1989)

5. Paleo estimates yield lower sensitivity val ues.

“T he problem with clouds is really an Achill es hed for GCMs. ... cloud
physics takes place on relativedy small spatial and temporal scales ...
and thus canna be resolved by GCMs. ... clouds in GCMs are param
eterized and ckalt with empirically, ... with redpes for how their aver-
age dharacteristics depend on the local temperature and water vapar
content. Different redpes give different cloud cover feedbacks and con
sequently different overall climate sensitivities.” N. Shaviv.
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E. Adaptivelris.

1. Lindzen et al. (2001) argue that
the upper amosphere above
tropicd seas ads as iris that
opens in response to increasing
sea surface temperature (SST),
thereby allowing the escape of
more LWR into space

2. The opening is occasioned by
reduced cirrus cloud cover (Fig-
ure11).

3. If red, this mechanism reduces
sensitivity (negative feedback).

F. Increasing (over time) LWR leav-
Ing the a@mosphere observed by
satellit es (Figure 12).

1. Not predicted by models “tuned”
to SST variation.

2.Lag o about 10 years subse-
guent to onset of strong warming
suggests involvement of ocean
currents.

3. Spiking cannot be an artifad of
decaying satellit e orbits.

4. Long-term trend could be.

12
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Figure 11. Cirrus cloud coverage
normalized by cumulus coverage
vs. SST of cloudy tropical regions.
From Lindzen et al. (2001).
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Figure 12. Radiation emitted to space &
observed (colors) and predicted (gray) by
SST-driven models. After 1989, olserved
LWR charaderisticdly exceed model
values by afador of 7. A factor of 2-3
corresponds to zero feedbadk. From
Wielicki and Wong (2002 as reproduced
by R. Lindzen at
http://wattsupwiththat.com/200903/30/li
ndzen-on-negative-climate-feadbadk/)



V. Alternativesto the Conventional Wisdom.

A. At least for the moment, global
warming on hold (Figure 13).
1. At variance with GCM pre-
dictions — compare with Fig-
ure 14 (Hansen et al ., 2006).

2.But is this just a “blip” or is

It something more?

a. And what do we mean by
a “blip” in systems that in-
clude everything?

b.Volcanic euptions, yes.

c. El Nifio / LaNina, no.

3.Based on models of oceanic
circulation in the North At-
lantic, Keenlyside et al.
(2008) predict stationary or
cooling temperatures for the
next decade. See &so, Smith
et al. (2007)

4.But whence cometh “natural
variability and what should

we exped of it?" — seebelow.
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Figure 13. Satellite troposphere tem-
perature data for the past decade suggest a
pause — at the very least, a lowing down

— in globa warming (Retrieved from

http://www.drroyspencer.com).
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Figure 14. Predicted increases in globa tem-
perature according to Hansen et al. (2006. The
threemodel scenarios correspondto noaction to
reduce GHGs (A), some artalment (B) and
major curtailment (C), which hasn't happened.
Even Scenario C predicts a temperature anomaly
2-3 greder than presently observed.



B. Alternatives.
1. Negative feedbad.
2. Natura Variability.
a. Solar-driven.
b. Intrinsic.

C. Solar Hypothesis.
1. Based on historicd / paleo data.
2. The Little Ice Age (LIA) May OF e 15 Changing diet of
may not have been locd, but it was the Greenland Vikings as

I — ki evidenced df carbon isotopic
catainly red — Greenland Vikings Sy of skeletal ramains

frozen out (Fi gure 15)- From Arneborg et al. (1999).
3. LIA corresponds to Maunder mini-

mum in sunspat adivity. ;
4. By itself, solar flux variability can't .
acount for observed increasse In
temperature (Figure9).
5. Still, there is good evidence for so-
lar-climate link (Figure 16). :
6. Amplifying mecdhanism required. : .
One suggestion — solar-induced
changes in cosmic ray forcing e
(Svensmarck and FrissChristensen, _ .
1997; Svensmark, 1998). o e and ranan
7.NOTE: Solar cycle 24 delayed — d¢©, proxies over 3000

. yeasin Oman. Top. Full se-
suggests next cycle will be weak. ries. Bottom. High resolu-

tion section. From Neff et al.
(2001). Seedso Scafetta and
West (2006).

o =] o (=] o
FEO (%o VFDE)
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D. Intrinsic hypothesis — variations in coupling and synchrony
of gspatialy, semi-isolated oscillators => climate shifts
(Swanson and Tsonis, 2008).

1. Plausible: Non-equili brium behavior charaderistic of
nonlinear systems with even a few degrees of freedom
(DF).

2. To assume that the dimate system, which has thousands
(millions? hilli ons?) of DF nonetheless tends to a stable
equili brium in my view, risky.

3. Such variability could be large or small relative to the
effed of AGW.

4. Raisestheissieof “warmingin the pipeline”

a. Absent the iris effed, hed being stored somewhere.

b. Likeliest sink isthe ocean —see below.

c. Once the current episode of stationary / cooling tem-
peraturesisover, AGW will renew with avengeance

d. These considerations also apply to solar hypothesis.

15



VI. Points of Contention (Consensusvs. Skeptics).

A.CO,. Cause of warming vs.
(at least sometimes) a mnse-
guence (Figure 17).

B. Feadbadks. Strong net posi-
tive vs. weak net positive or
even net negative.

C.Climate Sensitivity: Higher
vS. lower. Figure 17. Reconstructed temperatures
(d*Ar) and co, from the Vostok ice core

T .. (Antarctica). The x-axes (top / bottom)
D.Solar Variability: Couldn't have been leftright shifted so as to

cause present warming vs. it maximize orrelation between the time

o tainlv h series. The result is that CO, leads tem-
MOStL cetanty has. perature by about 800 yeas. The data cor-

respond to the end (Termination IIl) of a

. CAilitye “nAica”  dlacia episode some 240,000 yeas ago.
E. Intrinsic variability: “noise™ o0 ol o0,

about equili brium vs. man

part of the story.

F. History:
1.Medieval warm period (MWP) / LIA imaginary or re-
stricted to North Atlantic vs. real / global.
2. Current climate the hottest in past 100,000 yeas vs. current
climate unexceptional.

G. Climate models: Believable vs. not (Doudasset al., 2007)

16



VIl . Conclusions.

A. Important to distinguish between warming and the fadors
that cause it.
1. No question that the dimate has warmed during the past
century.
2. Question is the medhanism. |mportant

a. Asascientific issue.

b. Because of the enormous economic and politicd (loss
of liberty) consequences of embarking upon a world-
wide campaign to reduce emissons.

c. If cooling in aur future, curtailing pover plant con
struction, etc., would be caastrophic.

B. Current lack of warming can be explained in two ways.
1. Radiative forcing from GHGs continues to increase, but
the hea is going somewhere else — most plausibly into
outer space(iris effed) or the ocean.

2. The theory of AGW iswrong.

a. Correlation of 20" century warming and increasing
CO, not causal, but coincidental.

b.Models al agree because they are all wrong in the
same way — most likely by the omisson o
I. negative feedbadks.
ii. solar flux amplification medianism
lii. nonlinear interadions.

17



C. Criticd questions are thus
1.1s the iris effeda red and, if yes,
what is its magnitude?

2.Are the oceans continuing to

warm? Figure 18. Ocean heda con
tent (surface to 900 m)

o smoothed with a 1-2-1 filter

3. The preliminary answers are “yes’  from 2004-2008. AGW the-

(Figure 12) and “na’ (Figure 18). gm)(;ed'gﬁtmi thveva‘r’ﬁ]ﬁr;

From Loehle (2008). The

C. If AGW convincingly falsified, g%pgggpt 1:c?ﬁling r_epreesnts
: 00 € previous dec
1.1t will beremembered asoneof e swaming

the grea scientific boordoggles.
2. Historians of science inclined to contextual interpreta-

tions will emphasize the driving effects of ideology,
funding and the politi cs of science

18



References.

Arneborg, J., Heinemeier, J, Lynnerup, N., Nielsen, H. L., Rud, N, and A. E. Sveinbjornsddttir.
1999. Change of diet of the Greenland Vikings determined from stable carbon isotope anaysis
and **C dating of their bones. Radiocarbon. 41: 157-168.

Bond, G., Kromer, B., Juerg Beq, J. et al. 2001. Persistent Solar Influence on North Atlantic
Climate During the Holocene. Science 294: 2130-2136.

Caillon, N. Severinghaus, J. P., Jouzd, J., Barnda, JM., Kang, J. and V. Y. Lipenkov. 2003.
Timing d atmospheric CO2 and Antarctic temperature changes aadosstermination I11. Science
299: 1728-1731.

Cess, R. D, Potter, G. L., J. Blanchet, J. P., et al.. 1989. Interpretation of Cloud-Climate Feed-
back as Produced by 14 Atmospheric General Circulation Models. Science 245 513-516.

Climate Change Impads on the United States
(http://www.usgcrp.gov/usgerp/Library/nati onal assessment/overviewcoasta .htm).

Covey, C. 1989. Medhanisms of climate dange. Pp. 11-33. In, Singer, F. Globd Cliamte
Change: Human and Natural Influences. Paragon House. NY.

Douglass, D. H., Christy, J. R., Peason, B. D. and S. F. Singer. 2007. A comparison of tropi-
cd temperature trends with model predictions. Int. J. Climatol. (2007)
http://www.intersciencewiley.com DOI: 10.1002/joc.1651.

Hansen, J. 2008. Climate threat to the planet: Implications for energy policy and
intergenerational justice. Bjerknes Ledure American Geophysicd Union. San Francisco, CA.
Dec 17, 2008.

Hansen, J., Sato, M., Ruedy, R., Lo, K., David W. Leg D. W. and M. Medina-Elizade. 2006.
Global Temperature Change. PNAS. 103: 14288-142%.

Happer, W. 2002 Climate Change. Testimony before the United States Senate Committee on
Energy and Public Works. February 25.

|PCC. Climate Change 2007: Synthesis Report. http://www.ipcc.ch/ipcareports/ar4-syr.htm.

Keellyside, N. S, Latif, M., J. Jungclaus, J., Kornblueh, L.. and E. Roeckner. 2008. Advancing
decadal-scale dimate prediction in the North Atlantic sedor. Nature. 453: 84-88.

19



Lindzen, R. S., Chou, M-D. and A. Y. Hou.2001. Does the Earth Have an Adaptive Infrared
Iris? Bull. Amer. Meteorol. Soc. 82: 417-432.

Loehle, C. 2008. Codling of the global ocean since 2003. Energy and Environment. 20: 99-102
McGuffie, K. and A. Henderson-Sellers. 2005. A Climate Modeling Primer. J. Wiley, NY.

McWilliams, J. C. 2007. Irreducible impredsion in atmospheric and oceanic simulations. Proc.
Nat. Acad. Sci. USA. 104: 8709-8713.

Moberg, A., et al., 2005. Highly variable Northern Hemisphere temperatures reconstructed from
low- and high-resolution proxy data. Nature, 433, 613-617.

Neff. U., Burns, S. J., Mangini, A., et al. 2001. Strong coherence between solar variability and
the monsoonin Oman between 9and 6kyr ago. Nature. 411: 290 — 293,

Scdetta, N, and B. J. West. 2006. Phenomenological solar signature in 400 yeas of recon-
structed Northern Hemisphere temperature record Geophys. Res. Lett. 33: L17718.
doi:10.1029/2006GL 027142.

Sicre, M.-A., Jacob, J., Eza, U., Rousse, S., Kissdl, C., Yiou, P., Eiriksson, J., Knudsen, K.L.,
Jansen, E. and Turon, J.-L. 2008. Decadal variability of seasurface temperatures off North Ice-
land ower the last 2000 yeas. Earth and Planetary Science Letters 268: 137-142.

Smith, D. M., Cusack, S., Colman, A. E., Folland, C. K., Harris, G. R. and J. M. Murphy. 2007.
Improved surfacetemperature prediction for the coming decade from a global climate model.
Science 317: 796-7909.

Svensmark, H. and E. FrissChristensen. 1997. Variation of cosmic ray flux and goba cloud
relationships. J. Atm. Solar-Terrest. Phys. 59: 1225-1232

Swanson, K. L., and A. A. Tsonis. 2009. Has the climate recently shifted? Geophys. Res. Lett.
doi:10.1029/2008GL037022

Tsonis, A. A., Swanson, K., and S. Kravtsov. 2007. A new dynamicd mecdanism for major
climate shifts. Geophys. Res. Lett.. 34: L13705, doi: 10.1029/2007GL 030288, 2007.

Tsonis, A. A. and K. L. Swanson. 2008. Topadogy and Predictability of El Nifio and La Nina
Networks. Phys. Rev. Lett. 100: 22508.

20



Wielicki, B. A., Wong, T., et al, 2002: Evidence for large decadal variability in the tropical
mean radiative energy budget. Science 295: 841-844.

21



