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Introduction Statistical model and results Discussion
Climate evolution during the last century has shown strong evidence of The proposed statistical model has the form (1), and involves 3 free parameters: — T4 . Rapid multi-decadal cllma.te change, ata ra.ite con§lstem v}fnh
multi-decadal variability. In particular, periods of increasing global-mean k. ky, and 7; the latter parameter has already been estimated to be 15 yr (see Fig. IT kl + k2 (T(t T) klt) + N ( 1 )I that. a&?tually observed during 1980-2005, is due, in our Slmp.le
surface temperature [GST] (1910-1940, 1976-2005) have been 2). The parameters k, and k, are also estimated using data shown in Fig. 2 by statistical .moLjiel of glo})al surface temperature (GST? evolut'lon,
punctuated by stretches of uniform or even decreasing temperature (e.g., minimizing root-mean-square distance between left- and right-hand side of (1) toa Con}bmatmn ofa %mear trend (pr.esumably ass(.)clal.ted. with
1940-1976) — see Fig. 1. over the total length of the available time series. The term N on the right-hand human-induced warming) and warming phases of intrinsic
Timo sorios of observed global temperature anomaly side of (1) denotes a normally distributed random variable, with zero mean and mul-tl-decadal 0_501113"0“- The t.heory ofdela.yedjfeedback
os standard deviation o, the latter being determined from the observed time series as oscillators predicts that the period of the oscillation can
o well. The estimated values of the parameters are k,=0.0033 °C year !, k,=-0.226 typically be 2-3 tl-mes the (.‘lel.ay rar lcn?ger, depending on
- year -, and 0=0.05 °C year !, In sut 3 ions of the statistical model, model parameters; our statistical analysis thus argues for the

presence of intrinsic oscillation with a period of about 40-70
yr, consistent with analyses by Schlesinger and Ramankutty
(1994), Marcus et al. (1999), Delworth and Mann (2000), and
others.

we use the time step of 1 year, so that the time derivative at a given time ¢ is given
by T(#+1 yr)-T(#). The overline on the right-hand side of (1) denotes a smoothing
operator; we have used, in our simulations, a simple averaging over 16-yr-long
rectangular window centered at time +—7. 1 1

In Fig. 3, we show four different randomly chosen realizations of
simulated GST time series, all simulations using the same initial conditions. Some
of the simulations (e.g., the last one) closely mimic the observed time dependence
(about 20% of simulations are qualitatively similar to this simulation in terms of
the proximity to the observed time series). Others resemble the observed time
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The above interpretation and ensuing statistical analysis
results in that the estimate of human-induced warming rate of
k;=0.3°C per century is about twice as small as the simple
linear regression estimate of the slope. More importantly,
however, the recent increased warming rate is interpreted as the
cC of intrinsic ics of the climate system, rather
than “most up-to-date” estimate of the anthropogenic climate
change. The latter difference in interpretations may be one of
the key reasons for enormous future warming seen in GCMs.
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series less. An important property of all simulations, however, is that all of them %00 = 1950 2000
show local (i.e., relatively short-term, 20-yr) trends with a rate-of-change of Year
temperature similar to the one actually observed during the period between 1980

Fig. 1. Time series of global-mean atmospheric surface
temperature(GST) anomaly (using Goddard Institute for Space

Studies [GISS] data set): hitp:/data.giss.nasa.gov/gistemp/. and 2000. Fig. 3. Four different realizations of GST produced by statistical
The ensemble average among the first 40% of all simulations ranked model (1) [black curves], along with the observed GST time series
One possible interpretation of the non-uniformity in the GST trend is according to (small) root-mean-square distance between the observed and [red x-symbols]. All four simulations used the same (observed)
that the record is due to a superposition of h induced simulated time series is shown as a black curve superimposed onto the observed initial conditions.
i i i illation (M. Ghil 1998 — personal time series in Fig. 4. Our model does a fairly good job in capturing the observed References
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The delay 7 can be estimated by constructing smoothed time series of Wy Forecast |

GST and its tendency and turns out to be approximately =15 yr (Fig. 2). Bl v fie
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than that predicted by coupled GCMs (Fig. 5).




