Mann's new paper recharacterizing the Atlantic Multidecadal Oscillation
Introduction
Michael Mann has had a paper on the Atlantic Multidecadal Oscillation (AMO) accepted by
Geophysical Research Letters: "On forced temperature changes, internal variability, and the AMO".
The abstract and access to Supplementary Information is here . Mann has made a preprint of the
paper available, here . More importantly, and very commendably, he has made full data and Matlab
code available.
The paper seeks to overturn the current understanding of the AMO, and provides what on the
surface appears to be impressive evidence. But on my reading of the paper Mann's case is built on
results that do not support his contentions. Had I been a reviewer, I would have pointed this out and
recommended rejection.
In this article, I first set out the background to the debate about the AMO and present Mann's
claims. I then examine Mann's evidence for his claims in detail, and demonstrate that it is illusory. I
end with a discussion of the AMO. All the links I give provide access to the full text of the papers
cited, not just to their abstracts.
The conventional view of the AMO
NOAA, which provides an AMO index, has a helpful FAQ on the AMO that says:
The AMO is an ongoing series of long-duration changes in the sea surface
temperature of the North Atlantic Ocean, with cool and warm phases that may last for
20-40 years at a time and a difference of about 1°F between extremes. These changes
are natural and have been occurring for at least the last 1,000 years… Since the mid1990s we have been in a warm phase. The AMO has affected air temperatures and
rainfall over much of the Northern Hemisphere… It alternately obscures and
exaggerates the global increase in temperatures due to human-induced global
warming.
The AMO is thought to be quasi-periodic with a typical cycle length of 60–70 years. It reached its
nadir in the mid 1970s and, after reaching positive ground in 1995, may have peaked in the mid
2000s. NOAA's AMO indexi is a detrended average of mean North Atlantic (0°–70°N) sea surface
temperature (SST) from the Kaplan dataset. Figure 1 shows that AMO index on both annual and
centred 5-year mean bases.
Although the NOAA AMO index is based only on North Atlantic SST, both northern hemisphere
(NH) temperature and global mean surface temperature (GMST) are quite strongly correlated with
it. Something of the order of 0.2°C of the 0.5–0.6°C increase in GMST since the mid 1970s might
be due to the strengthening AMO rather than to increasing anthropogenic radiative forcing.
Consistent with this suggestion, a recent paper by Chylek et al concluded, using regression analysis,
that about one-third of the post-1975 increase in GMST was likely due to the AMO. A 2013 paper
by Zhou & Tung found an even stronger influence of the AMO on the post-1980 GMST trend.

Fig 1. NOAA AMO Index, annual (thin cyan line) and 5-year mean (thick green line), based on
detrended North Atlantic (0°–70°N) SST from the Kaplan dataset.
Assuming that the AMO is natural, and it has had a positive influence on the increase in GMST
over the last few decades, it follows that estimation of anthropogenic warming rates and the
transient climate response (TCR) from post-1975 temperature changes will be biased upwards,
showing high sensitivity, fast-warming climate models (CMIP5 GCMs, in particular) in an
artificially favourable light, unless the AMO's influence is adjusted for. A paper under discussion at
Earth System Dynamics, here, makes just that point. It concludes that, adjusting for the influence of
the AMO, global warming over the last 30 years indicates a best estimate for TCR of ~1.3°C. That
is in line with the results of several studies based on warming since the second half of the 19th
century – the trend of which will have been much less affected by the AMO – but well below the
1.8°C average TCR of current generation CMIP5 GCMs.
Did aerosols rather than the AMO drive 20th century Atlantic SST variations?
In 2012 a team of scientists at the UK Met Office published a paper claiming that anthropogenic
aerosol indirect forcing, rather than natural variability, drove much of the 20th century variability in
North Atlantic SST attributed to the AMO. This claim was based on simulations using the
HadGEM2-ES climate model. However, in 2013 a team of scientists from GFDL and elsewhere
published a counter-paper entitled "Have Aerosols Caused the Observed Atlantic Multidecadal
Variability?", which showed major discrepancies between the HadGEM2-ES simulations and
observations in the North Atlantic.
Mann himself had argued that anthropogenic aerosols rather than the AMO drove variability in
tropical Atlantic SST in a short 2006 paper, here . However, he accepted therein that his analysis
relied upon the AMO having no influence on GMST, and he also used what is arguably a
questionable statistical model. AR5 didn't mention this paper when discussing the AMO (in Section
10.3.1.1.3).

Now, however, Mann has returned to this issue, making the extraordinary claim that trends forced
by anthropogenic greenhouse gas and sulphate etc. emissions masqueraded as an apparent
oscillation, and that, rather than warming the NH:
"The true AMO signal, instead, appears likely to have been in a cooling phase in recent
decades, offsetting some of the anthropogenic warming temporarily."
Mann's other claims
The press release for the paper also says:
According to Mann, the problem with the earlier estimates stems from having defined
the AMO as the low frequency component that is left after statistically accounting for
the long-term temperature trends, referred to as detrending.
Mann and his colleagues took a different approach in defining the AMO... They
compared observed temperature variation with a variety of historic model simulations
to create a model for internal variability of the AMO that minimizes the influence of
external forcing -- including greenhouse gases and aerosols. They call this the
differenced-AMO because the internal variability comes from the difference between
observations and the models' estimates of the forced component of North Atlantic
temperature change.
They also constructed plausible synthetic Northern Hemispheric mean temperature
histories against which to test the differenced-AMO approaches. Because the
researchers know the true AMO signal for their synthetic data from the beginning,
they could demonstrate that the differenced-AMO approach yielded the correct
signal. They also tested the detrended-AMO approach and found that it did not come
up with the known internal variability.
While the detrended-AMO approach produces a spurious temperature increase in
recent decades, the differenced approach instead shows a warm peak in the 1990s and
a steady cooling since.
That is certainly a novel approach. By defining the AMO as the part of the smoothed temperature
change simulated by the models that is not observed, the problem of models warming far too fast
since ~2000 largely disappears. So does the inconvenient possibility that the fast model-simulated
warming in the 1980s and 1990s might have only been matched in the real world due to a
significant contribution from the AMO. Mann's differenced-AMO is a high-sensitivity climate
modeller's dream. If climate models were perfect apart from not simulating the AMO, then the
differenced-AMO approach would make sense. But models are by no means perfect – and if they
were then they would simulate the AMO.
Mann's differenced-AMO merely reflects, on a smoothed basis, the extent to which the observed
NH temperature outpaces climate model simulated NH temperature, going negative when models
simulate an unrealistically high temperature rise. It seems likely that it will represent model failings
and unrealistic forcings to a greater extent than unforced multidecadal internal climate system

variability. The CMIP5 models typically have very high aerosol forcing, and as aerosol forcing
grew fast from 1950 to the mid/late 1970s it seems that their high aerosol forcing typically more
than compensated for their high transient sensitivity, so that they partially emulated the effects of
the AMO downswing.
After defining the differenced-AMO, Mann purports to show – using synthetic temperature histories
containing a known AMO signal – that his differenced-AMO approach yields the correct signal,
whereas the detrended-AMO approach does not. So how does Mann achieve this impressive feat?
The graphs in Mann's paper are largely based on a simulation by a simple energy balance model
(EBM). He obtains broadly similar, but less impressive, results using instead the GISS-E2-R GCM
and the average of the full 40-model CMIP5 GCM ensemble. I'll concentrate on his EBM
simulation here, as it best illustrates how he achieves his surprising results.
Mann deals entirely with Northern Hemisphere, not global, temperatures. Figure 2 shows the
evolution of NH surface temperature simulated by his EBM (blue line) when his code is run,
compared to the HadCRUT4 observational record (black line). It also shows an alternative
simulation by a low sensitivity EBM of my own specification (red line). The lines are aligned to all
have the same overall mean. For HadCRUT4 the zero line is intended to represent preindustrial
temperatures.

Fig 2. NH temperature anomalies from 1850–2012 per HadCRUT4 (black) and as simulated
by Mann's EBM (blue) and the alternative low sensitivity EBM (red)

Mann's high sensitivity EBM and my alternative EBM
Mann's EBM has an equilibrium/effective climate sensitivity (ECS) of 3.0°C and, unusually, no
allowance for heat uptake by the ocean apart from in a 70 m deep mixed layer. As a result, its TCR

– the simulated temperature rise from CO₂ concentrations doubling over 70 years as a result of 1%
p.a. growth – is 2.8°C, very little lower than its ECS. His EBM uses a modest aerosol forcing that
becomes only 0.3 W/m² more negative over 1950–1975. So why does its simulated temperature
rise from 1920–1950, during the AMO's upswing, but fall from 1950 to 1975, over which period the
AMO was in a downswing but anthropogenic forcing excluding aerosols rose by over 0.7 W/m²
(per AR5)?
The explanation is that Mann makes only a very modest allowance for the increase in non-CO₂
greenhouse gases and other non-aerosol anthropogenic forcings over 1950–1975, so his increase in
total anthropogenic forcing over that period is only 0.4 W/m², 0.32 W/m² below AR5's best
estimate. During that period solar and volcanic forcings both had negative influences – totalling 0.2 W/m² per Mann's data and -0.3 W/m² per AR5, taking trailing 5-year means to allow for the
time constant of the ocean mixed layer. There was also sizeable negative volcanic forcing in 196364, again larger per AR5 than in Mann's data. Therefore, Mann's EBM had a negative forcing trend
over 1950-1975 and shows cooling during that period.
On the other hand, during 1920–1950 the increasing trend in negative aerosol forcing was more
than offset by trends in solar and volcanic forcings, and the very high TCR of Mann's EBM made
up for the shortfall in non-CO₂ greenhouse gas forcing and other non-aerosol anthropogenic
forcings. After 1975, during the AMO upswing, much the same occurred, but by then the rise in
CO₂ forcing was faster and more dominant, so Mann's EBM simulated temperature rose fast. After
2000, since when the rise in CO₂ has strongly dominated changes in other forcings, Mann's
sensitive EBM outpaces HadCRUT4.
As a result of the particular forcing history used, Mann's EBM, despite its very high TCR, is able to
match – very closely on a smoothed basis – not only the overall HadCRUT4 20th century NH
record but also its AMO-influenced ups and downs. But Mann chose the scaling for aerosol and
solar forcing to optimise the fit, so it is not very surprising that it is good. The result is that his
differenced-AMO smoothed time series is fairly flat over the 20th century, and declining post 2000.
My alternative, low-sensitivity, EBM is driven by the AR5 forcing best estimate time series. As is
common when using a simple global model, volcanic forcing is scaled down, here by a factor of
0.5. It remains higher than the volcanic forcing series Mann uses for his EBM. The low-sensitivity
EBM has the same ocean mixed layer depth as Mann's EBM, but it is a 2-box model with the rest of
the ocean's heat capacity represented as well. The EBM has an ECS of only 1.65°C, in line with my
best estimate using AR5 forcing and heat uptake data. One might expect a higher sensitivity (or a
scaling of the simulated temperature) to be needed to match the warming in the NH, which is faster
than the global rate, but different ocean parameters from those used for global temperature
simulations suffice to allow for this.
The low-sensitivity EBM's deep-ocean heat uptake coefficient is chosen to produce a TCR of
1.37°C which, on adding to the simulated temperatures a suitably scaled version of the 5-year mean
NOAA AMO index, gives the best fit to the HadCRUT4 NH surface temperature record. That
AMO index increases only modestly between the start and end of the simulation. The NH
temperature simulated by my low-sensitivity EBM matches the overall NH temperature rise
exhibited by Mann's EBM up to the late 1990s, and matches the overall 1850–2012 observed
(HadCRUT4) rise more closely. However, without the addition of the scaled 5-year mean NOAA

AMO index the low-sensitivity EBM simulation's fit to NH observations is a little worse than
Mann's in terms of mean square error, as it does not emulate the AMO's fluctuations.
Mann's differenced-AMO vs detrended-AMO
To recap, Mann's differenced-AMO just represents actual minus model-simulated forced NH (not,
as stated in the press release, North Atlantic) surface temperature. And whilst NOAA's AMO Index
is a detrended average of mean North Atlantic SST, for some unexplained reason Mann instead
defines his detrended-AMO as the detrended average of mean NH temperature. In both cases, the
AMO signal is smoothed by a 50-year low-pass optimising filter of Mann's design – using slightly
different variants in the two cases. Figure 3 shows the differenced-AMO (black) and the detrendedAMO (red), along with the unsmoothed annual time series that they are derived from.
Notice how Mann's differenced-AMO, based on his EBM simulation, has a gentle peak just before
1990 before declining noticeably, so that it falls slightly from the mid-1970s to 2012. By contrast,
Mann's detrended-AMO rises strongly throughout that period. The smooth thick blue line shows the
results of applying the detrended-AMO approach to the NH temperature evolution as simulated by
Mann's EBM. Its near coincidence with the smooth thick red actual detrended-AMO line shows
how successful Mann has been in fitting his EBM to match the multidecadal fluctuations in NH
surface temperature.

Fig 3. Version of Mann's Figure 2.a). Estimated NH temperature anomaly variability: thin and
thick lines are respectively annual, and 50-year low-passed smoothed, time series. The red
lines show detrended observed (HadCRUT4) NH anomalies, the thick line being Mann's
detrended-AMO. The black lines show the observed NH temperature anomaly minus Mann's
EBM simulation, the thick line being the differenced-AMO. The blue lines show detrended
anomalies from Mann's EBM simulation, the thick line being what the detrended-AMO would
be if based on the EBM-simulated rather than observed temperatures.

In Figure 2.a) of Mann's actual paper (reproduced here as Figure 4), the smooth differenced-AMO
line (grey dashed line in his figure) has a somewhat different shape, starting at a high level and

ending at a lower level, with a peak around 1945 and minimum around 1965 that are missing when
I run his code. The smooth blue line (in this case dashed rather than thickened) showing the results
of applying the detrended-AMO approach to Mann's EBM simulation is also marginally different.
The EBM and smoothing code is deterministic so there should be no discrepancies.

Fig 4. Reproduction of Figure 2.a) from Mann's GRL paper. This shows the same time series
as Figure 3 and should be identical to it, but with grey lines in place of black lines and black
lines in place of red lines. Dashed rather than thick lines are used to show the smoothed
AMO-like signal versions of the annual time series.

As the jagged blue lines (the detrended EBM simulation anomalies) do not differ visually between
my and Mann's paper's version of his Figure 2a, it seems possible that the difference lies in the
smoothing used. Figure 5 shows the effect of changing the cut-off frequency of Mann's low-pass
filtering from the "freq0=0.02; % low-freq cutoff in cycles/year" in his archived code to
freq0=0.025. That changes it from 50-year to 40-year low-pass filtering, which is in line with what
the code comment says:
% determine multidecadal compoments via 40 year lowpassed versions of the residual series

The results, shown in Figure 5, are indeed much closer to those shown in Mann's paper, although
not identical. However, with 40-year low-pass filtering Mann's results, as reflected in his
subsequent figures, differ noticeably from those in his paper (and are slightly less impressive). I will
leave this mystery for the future and continue for the rest of my present investigation making use of
the 50-year low-pass filtering specified in Mann's paper (resetting freq0 to 0.02). That filtering has
broadly similar effects, leaving aside endpoints, to smoothing by a 15 or 20 year moving average,
but it suppresses shorter-term fluctuations much more strongly.

Fig 5. Same as Figure 3 but using 40-year rather than 50-year low-pass filtering

Mann's case against the detrended-AMO
Mann's key claim is that, where the signal is known a priori, the detrended-AMO approach to
estimating AMO-related variability fails to isolate the true internal variability, and yields an
excessive and out-of-phase estimate of the true AMO signal. His Figure 3a, a version of which
based on running his code is reproduced as Figure 6a, shows the differenced-AMO signal from five
noisy variants of his EBM-simulated temperature time series with random realisations of red noise
added – the noisy series being treated as surrogate NH temperature observations – (coloured lines),
and the differenced-AMO based on actual NH temperature observations (black line). In all cases the
differenced-AMO calculation deducts the noise-free EBM-simulated temperature time series from
the noisy series (leaving just the red noise) and then applies low-pass filtering. Mann points out that
the differenced-AMO signals represent independent realisations of multidecadal noise and are
therefore uncorrelated, with random relative phases and a small amplitude. That is obviously so.
Mann's Figure 3.b), a version of which based on running his code is presented as Figure 6b, shows
detrended-AMO signal estimates from the same five noisy EBM simulations (thin coloured lines)
and based on observed temperatures (red line of Figure 3) (black).
Mann writes in his paper:
The random surrogates are qualitatively similar in their attributes to the differencedAMO estimate of the real-world AMO series. By contrast, the detrended-AMO
signals (Figure 3b [here 6b]) show amplitudes ~0.25°C that are inflated by more than
a factor of two. Further, they are largely all in phase with the detrended-AMO signal
diagnosed from observations (Figure 2 [here 3]), an artifact of the common forced
signal masquerading as coherent low-frequency noise.

a)

b)

Fig 6. Version of Mann's Figure 3. Comparison of (a) "true" pseudo-NH AMO signal (as a
priori defined using the differenced-AMO approach, not the real AMO) and (b) NH AMO
signal as estimated by detrended-AMO procedure, applied to surrogate observational time
series consisting of five noisy variants of Mann's EBM simulation. (a) The differenced-AMO
signal estimates relative to the noise-free EBM simulation: from the noisy simulations (thin
coloured lines) and from the actual observed NH temperature time series (black; same as
Figure 3 black line, but different scale). (b) The detrended-AMO signal estimates: from the
noisy simulations (thin coloured lines); based on observed temperatures (red line of Figure 3)
(black); and from the noise-free EBM simulation (blue dashed; same as Figure 3 blue line:
omitted in Mann's Figure 3).

The flaws in Mann's case
The first part of what Mann writes is obviously true, but are his conclusions warranted? It is true
that the detrended-AMO signals diagnosed from the noisy EBM simulations are indeed largely all
in phase with, and very similar in amplitude to, the detrended-AMO signal diagnosed from
observations (the black line). But their real such relationship is to the detrended-AMO signal
diagnosed from the noise-free EBM simulation. Although that signal is not shown in Mann's
published Figure 3b, it is actually plotted by his code, and is shown by the blue dashed line in
Figure 6b (same as Figure 3 thick blue line). As can be seen both there and in Figure 3 above, the
low-passed detrended-AMO signal diagnosed from observations and the low-passed detrendedAMO signal diagnosed from the noise-free EBM simulation are almost identical, reflecting the
success of Mann's fitting of his EBM simulation to the smoothed observations. Therefore, the
detrended-AMO signals diagnosed from the noisy EBM simulations appear also to be related to the
detrended-AMO signal diagnosed from observations. But that apparent relationship is purely an
artefact of the similarity of the detrended-AMO signal diagnosed from observations and the
detrended-AMO signal diagnosed from the noise-free EBM simulation.
Mann's random red-noise series have low-passed components typically only a quarter as large as the
smoothed signal from applying his detrended-AMO approach to the EBM forced simulation
(compare coloured lines in Fig 6a with blue dashed line in Fig 6b, noting different scales). So it is
unsurprising that one recovers something close to that signal (as in Fig 6b) – and hence close to the
nearly identical detrended-AMO from observed temperatures (black line in Fig 6b) – when applying
the detrended-AMO approach to the EBM forced simulation with the random red-noise added,
whatever realisation of noise is used.
So Figure 6 does not prove Mann's claim. The detrended-AMO signals are in reality largely all in
phase with, and of similar amplitude to, the detrended-AMO signal diagnosed from the noise-free
EBM simulation, not (as Mann claims) with that signal derived from observations. One would
expect to end up with something close to a smoothed version of the signal when adding a noise
component with a small low-frequency amplitude to a signal with a ~4 times larger low-frequency
amplitude and low-pass smoothing their sum, where there are only two cycles of signal in the pass
band.
Figure S7.b3 in Mann's Supplementary Information, reproduced as Figure 7, very much supports
my conclusion. It shows the results when an alternative volcanic forcing series (Crowley) is used.
When that is done, the application of the detrended-AMO approach to Mann's EBM simulation
gives a significantly different signal (blue line – present, but not identified, in Mann's SI graphs)
from when it is applied to the actual temperature observations (black line), and the coloured lines
cluster closely around the blue line rather than the black line.
Mann's attack on Stadium Waves
Essentially the same arguments apply to Mann's critique of the "stadium wave" theory (Wyatt et al,
2012; Wyatt and Curry, 2013), about which the press release says:
Mann and his team also looked at supposed "stadium waves" suggested by some
researchers to explain recent climate trends. The climate stadium wave supposedly
occurs when the AMO and other related climate indicators synchronize, peaking and

waning together. Mann and his team show that this apparent synchronicity is likely a
statistical artefact of using the problematic detrended-AMO approach.

Fig 7. Reproduction of Mann's Figure S7.b3: as Figure 3.b in his main article but using the
Crowley volcanic forcing series. The detrended-AMO signal estimates: from the noisy EBM
simulations (red, green, cyan, yellow and magenta lines); from observed temperatures (black
line); and from the noise-free EBM simulation (blue line)

Mann applies a similar procedure to what he terms synthetic AMO-related indices, which are pretty
well the same as the noisy EBM simulations used already but with noise of a larger amplitude
added. Figure 8, a version of Figure 4 in Mann's paper produced by running his code, shows the
outcome. Mann writes in his paper:
Indeed, the detrended-AMO approach (Figure 4b [here 8b]) yields an apparent
multidecadal AMO oscillation that is coherent across the indices, an artifact of the
residual forced signal masquerading as an apparent low frequency oscillation. The
apparent AMO signal is most coherent across indices during the most recent half
century, when the forcing is largest. Another important feature apparent in this
comparison is that the low-frequency noise leads to substantial perturbations in the
overall “phase” of the apparent AMO signal (Figure 4b [here 8b]) giving the
appearance of a propagating wave or stadium wave in the parlance of Wyatt et al.
[2012].
However, the thick blue line in Figure 8b, plotted by Mann's code but missing from his published
figure, shows the AMO signal as estimated by Mann's detrended-AMO procedure applied to the
noise-free EBM simulation, gives the lie to this claim. Rather than being "an artifact of the residual

forced signal masquerading as an apparent low frequency oscillation", the thin coloured lines are
seen as modified, phase-shifted versions of the signal from applying the detrended-AMO approach
to the noise-free EBM simulation.
a)

b)

Fig 8. Version of Mann's Figure 4. Comparison of (a) true pseudo-NH AMO signal (as a
priori defined using the differenced-AMO approach) and (b) NH AMO signal as estimated by
detrended-AMO procedure. In both cases, no actual observational data is used: results are
shown for the five synthetic standardized climate indices as described in Mann's text, derived
using his EBM simulation with added noise realisations (thin coloured lines). In (b) the result
of applying the detrended-AMO approach to the noise-free EBM simulation is also shown
(thick blue line; scaled version of that in Figure 3: omitted in Mann's Figure 4). Series are
standardized to have unit variance.

The results shown in Figure 8b are what one would expect to arise: a noise amplitude that is greater
relative to the signal than before causes more modification and phase-shifting of the clean signal:
(compare Figure 8b with Figure 6b). The extent of the differences between the coloured lines in
Figure 8b derived from the noisy synthetic AMO-related indices and the blue line derived from the
noise-free EBM simulation varies with the random realisations of noise, and can be much greater.
The corresponding graphs (Figures S8.b9 and S8.b10) based on the GISS-E2-R and CMIP5
Ensemble simulations show a gradual loss of coherency between the five noisy versions and the
detrended-AMO based on the forced simulations (the blue lines, which do appear in the graphs in
Mann's Supplementary Information). Before ~1960, the GISS-E2-R and CMIP5 Ensemble
simulations do not follow the real-world detrended-AMO signal as well as Mann's EBM simulation
does.
Results using the low-sensitivity EBM
So far, I've been repeating Mann's analysis using his EBM simulation. Now I'll look at what
happens when my low-sensitivity EBM simulation is used instead. Figure 9 shows the same as
Figure 3 (my version of Mann's Figure 2a) save for my low-sensitivity EBM simulation being used
instead of Mann's EBM simulation. Unlike the situation with Mann's EBM simulation, the thick
blue line (detrended-AMO based on EBM simulation) is not almost identical to the thick red
observational detrended-AMO line, and the thick black line – the differenced-AMO – does bear a
resemblance to the observational detrended-AMO.

Fig 9.Estimated NH temperature anomaly variability 1900-2012: thin and thick lines are
respectively annual, and 50-year low-passed smoothed, time series. The red lines show
detrended observed (HadCRUT4) NH anomalies, the thick line being the detrended-AMO.
The black lines show the observed NH temperature anomaly minus the low-sensitivity EBM
simulated temperature, the thick line being the differenced-AMO. The blue lines show
detrended anomalies from the low-sensitivity EBM simulation, the thick line being what the
detrended-AMO would be if based on the EBM-simulated rather than observed temperatures.

Figure 10 shows the same as Figure 6b (Mann's Figure 3b) but using the low-sensitivity EBM
simulation instead of that from his EBM. It is now fairly obvious visually that the coloured lines
resemble the blue dashed line that represents an application of the detrended-AMO approach to the
EBM-simulated temperatures, rather than resembling the black line representing the detrendedAMO derived from observed NH temperatures. That is confirmatory evidence that my analysis of
what is going on is correct.

Fig 10. Version of Figure 6.b) based on the low-sensitivity EBM simulation

Is the detrended-AMO nevertheless questionable?
The detrended-AMO approach is not perfect, even when applied – as is standard – to SST
temperatures in the North Atlantic, not to the full NH land and ocean surface temperature as Mann
does. When the rate of increase in forcing secularly increases, as it has over the last hundred years,
it is possible that the detrended-AMO may be biased towards high strengthening in recent decades.
A comparison of the post mid-1970s segments of the red line (detrended-AMO from observations)
and the black line (differenced-AMO from low-sensitivity EBM simulation) in Figure 9 illustrates
this point. However, the basic shapes of the two lines are similar, and the differenced-AMO still
accounts for about a 0.2°C rise in NH temperature over the last thirty or so years.
It would be preferable to find a way of estimating the AMO that was more independent of forced
temperature trends. That is, in effect, what Delsole et al (2011) did in estimating their internal
multidecadal pattern (IMP) in global SST. They employed a sophisticated statistical method based
on maximising average predictability time, using simulations by a number of CMIP3 coupled
GCMs as well as observed SST, to separate forced and unforced variability in SST. Although their
method applies globally, the IMP they detect is remarkably similar to the standard NOAA
detrended-AMO index. Figure 11, a reproduction of Figure 4 from Delsole et al's paper, compares

NOAA's AMO index, suitably rescaled, (red line) with the ±1 standard deviation uncertainty range
of their estimated IMP (shaded grey). The fit is remarkably close.
Using a different sophisticated statistical approach, Swanson et al (2009) also found an AMO-like
pattern of multidecadal unforced variability, here in GMST rather than global SST, although with a
somewhat lower recent level.

Fig. 11. Reproduction of Figure 4 from Delsole et al (2011). ±1 standard deviation uncertainty
range of their estimated IMP (shaded grey) and scaled AMO index from NOAA based on
detrended North Atlantic SST (red line). The vertical scale is arbitrary.

Finding a physical explanation for the AMO is of course desirable, and likely to lead to better
estimation of its influence on temperatures and other climate phenomena both globally and
regionally. That is a major attraction of the stadium wave theory. If it holds up under further
examination, it promises a better understanding and estimation of multidecadal internal climate
variability. Other papers, such as Dima & Lohmann (2007), have also put forward possible natural
physical mechanisms for the AMO.
Conclusions
I have shown that the evidence Mann claims disproves the detrended-AMO, and supports his
differenced-AMO, is illusory. I have also shown that his code produces different results from those
shown in his accepted paper. I have pointed out that graph lines produced by his code that would
have made it much easier to spot the flaws in Mann's evidence, although appearing in the figures in
his Supplementary Information, were omitted from the figures in his main paper.
A differenced-AMO approach has attractions in principle, but only makes sense if climate models
are near-perfect, which is far from the case. The ease with which a simple EBM model can have its

parameters adjusted to produce a nearly flat differenced-AMO shows the very low number of
degrees of freedom involved, with only two full AMO cycles during the instrumental period. The
very heavy, 50-year low-pass, smoothing applied by Mann arguably exacerbates this problem.
The detrended-AMO approach is not perfect, but the pattern exhibited by NOAA's standard
detrended AMO index based on North Atlantic SST appears to be supported by much more
sophisticated approaches. The stadium wave theory, if it holds up, offers physical insight into the
mechanisms underlying the AMO and may lead to more reliable estimation of its state and
influence on surface temperatures and other climate variables.
Nicholas Lewis
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