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In three recent papers1 Schwartz estimates a 'global climate sensitivity 
parameter', S  = τ /Cp ~ 0.50 ± 0.26 [K/(Wm-2], where τ is a 'global 
response time' estimated by lagged autocorrelations of atmospheric 
temperatures, and Cp is [largely] the heat capacity of the oceans' surface 
layer, assumed by Schwartz to be 17 ± 7 W yr/(K m2).  The IPCC consensus 
for S, derived from 18 climate models, is 0.89 ± 0.25 [K/(Wm-2].   
 
While the two standard deviations overlap, one has to strain a bit to accept 
the two estimates as consistent with one another.  Schwartz' value is based, 
at least in part, upon 'real' observations, which is always a good sign, but 
questions intrude about the validity of estimating a 'global temperature 
response time', τ, from measurements in the atmosphere, only, and in the 
presence of internal cycles [ENSO, PDO, ..] that have quasi-periods that 
overlap with τ.  
 
I've come around to believing that Schwartz's approach is valid, however, 
with the following argument.   
 
The atmospheric radiative relaxation time is about 0.8 year.  The 
atmospheric temperature's autocorrelation shows two characteristic times,  
the first about 2 years, the second and longer one about 9 years.   This 
second time is strong evidence that the heat-flux, back and forth between 
the atmosphere and the oceans, is sufficiently fast that the atmosphere is 
coupled to the large heat capacity of the latter: hence the autocorrelation 
time measured in the atmosphere is buffered by the thermal mass of the 
oceans, and measuring the relaxation time of the former gives a useful 
estimate of the relaxation time of the latter, above the picnocline, near 80 
meters. 
 
Very likely, latent heat transfer is central to this exchange, especially by 
storms, and significantly by hurricanes. 

                                       
1  "Heat Capacity, Time Constant, and Sensitivity of the Earth's Climate System" 
    S.E. Schwartz, JGR, 122, D24S05 (2007) doi1029/2007JD008746 
     
   "Reply to Comments on {ditto}. 
    S.E, Schwartz, JGR,doi:10.1029/2008JD009872 
 
    "Uncertainty in Climate Sensitivity: Causes, Consequences, Challenges" 
    S.E. Schwartz, JGR (in press). 
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I have plotted the power spectrum of the detrended temperature fluctuations 
in the atmosphere [GISS monthly data2]. These show four marginally 
significant peaks between 3 and 10 years that together account for less that 
5% of the total variance.  Hence my earlier suspicion that the 9 year 
persistence time was responding to weather/climate atmospheric forcing by 
ENSO, PDO, etc. may be partially right, but irrelevant. 
 
Here are some figures: 
 
Figure 1 (upper) shows a time series of the [1542 months [Jan. 1880 - June 
2008] of detrended atmospheric temperatures from monthly GISS data2. 
 
Figure 2 shows the lagged autocorrelation function of these data.  Note the 
presence of a strong wave [inferred from the central dip in this figure] with 
half the period of the whole data set [770 months, 64 years].  There are too 
few cycles of this wave, however, to be confident of its physical reality. 
 
Figure 3 shows the same autocorrelation function terminated just before the 
first negative r(dt). 
 
Figure 1 [again, bottom frame] shows a plot of ln(r(dt) vs dt, with the blue 
data segment of figure 3.  The lag increment, dt, in this plot months, but the 
abscissa is given in years  The blue section of this curve was set by eye as 
well representing the average slope, -0.106 yr-1, whose negative inverse, τ, 
is 9.4 years.  This is a bit longer than the value quoted by Schwartz [8.5 ± 
2.5 years], but is certainly within his error bounds.  The difference likely 
follows from my de-selecting the negative excursions just to the right of the 
blue highlighted data segment in figure 3, as likely just 'noise'.  
 
Figure 4 estimates the standard error [SE, not SD] of τ, that is, ± 2.4 years. 
Note the asymmetry.  The upper 1-σσσσ bound is 12.3 years, from which the 
climate sensitivity, S = τ/Cp would be 0.72 K/(Wm-2), well within the spread 
of the IPCC consensus. 
 
Figure 5 is just a test of an algorithm that computes power spectra by 
Weiner's theorem, as the cosine transform of the autocorrelation function. 
A synthetic 10-year cycle is transformed correctly. 
 
Figure 6 shows the same transform operating on the autocorrelation function 
of figure 3.  The point of this plot is that more than 95% of the spectral 
power occurs with periods greater than 18 years.  This is a key point, in that 
shorter periods [to be shown again in figure 7] that may very well reflect 
quasi oscillations in the atmosphere [ENSO, PDO, etc] do not significantly 
affect the longer of the two persistence times [τ = 9.4 ± 2.4 years] used in 
the estimations of the climate sensitivity [S = 0.55 ± 0.26 K/(Wm-2)]  
 

                                       
2 http://data.giss.nasa.gov/gistemp/tabledata/GLB.Ts.txt 
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Figure 7 displays the left edge of the same power spectrum at periods less 
than 18.3 years.  Four peaks exceed the expected level of 'white noise', 
shown as a brown line.  These peaks have wavelengths of 3.8, 4.8, 6.8, and 
10.0 years, and may well derive from quasi-oscillations that couple the air 
and oceans. 
 
Discusssion: 
 
Schwartz's  interesting recipe to extract S, the climate-sensitivity parameter, 
is .. as far as I know .. the only one that is based directly and simply upon 
real observations [except that Cp depends upon several arbitrary assump- 
tions].  All others are buried under the inscrutable complexities of general 
circulation models [GCMs].  It is a pity that a realistic estimate of the 
standard error of S, by Schwartz's recipe, is quite large, but it should be 
emphasized that so also is the standard deviation among 18 more or less 
independent GCMs.     
 
It should further be noted that Truth is never discovered in computer models, 
only the consequences of assumptions. 
 
Cheers, 
Halstead 
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Figures:  
 

 
Figure 1:  GISS data series [top] and d[Ln(r(dt)]/d(dt) Vs dt [lower], 
       from which the negative inverse slope of the blue portion gives  
               τ = 9.42 years. 
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Figure 2: Lagged autocorrelation function of GISS data.  Note 
              the long period [770 months, 64 years] wave which 
              can be detected also, though faintly, in the upper curve 
              of figure 1. 

  
 

 
 
Figure 3: Lagged autocorrelation of detrended GISS data, out to  
              the first negative r(k), at 220 months [18.3 years]. 
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 Figure 4: Estimates SE(τ) [the green bar] = (12.3-7.5)/2 =  
         2.4 years.  Note also the asymmetry: the upper bound is 12.3 
         years, from which S = 12.3/17 = 0.72 K/(Wm-2) 
  
 

 
 
Figure 5:  Test of power spectrum by Wiener's theorem,  
               from an autocorrelation of Sin[2πk/10] years 
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Figure 6:  Power spectrum of GISS data.  Greater than 95%  
               of all the power is at periods > 45 years. 

 
 

 
 
Figure 7:  Power spectrum with maximum lag = 220 months,  
               18.3 years [the last positive r(lag)].  Four peaks exceed  
the amplitude of 'white noise' [the brown line]' at 3.8, 4.8, 6.8 and 
10.0 years.  The amplitude-weighted average period of these four 
peaks is 8.1 years. 


