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Data sources:

[DS1] AOD data: NASA GISS

http://data.giss.nasa.gov/modelforce/strataer

Derived from SAGE (Stratospheric Aerosol and Gas Experiment) instrument.

"The estimated uncertainty of the optical depth in our multiple wavelength retrievals [Lacis et al., 2000]
using SAGE observations is typically several percent. "“!



[DS2] ERBE TOA data: Earth Radiation Budget Experiment

http://eosweb larc.nasa.gov/sites/default/files/project/erbe/edition3_rev1/Edition3_Rev1_wfov_sf_monthly
_tropics.txt

data description:

https://eosweb larc.nasa.gov/sites/default/files/project/erbe/quality_summaries/s10n_wfov/erbe_s10n_wfov
_nf_sf_erbs_edition3.pdf

[*] Explanatory notes:

Negative feedback is an engineering term that refers to a reaction that opposes its cause. It is not a value
judgement about whether it is good or bad. In fact, negative feedbacks are essential in keeping a system
stable. Positive feedbacks lead to instability and are thus generally "bad".

Convolution is a mathematical process that is used, amongst other things, to implement digital filters. A
relaxation response can be implemented by convolution with an exponential function. This can be regarded
as an asymmetric filter with a non-linear phase response. It produces a delay relative to the input and alters
it's shape.

Regression dilution refers to the reduction in the slope estimations produced by least squares regression
when there is significant error or noise in the x-variable. Under negligible x-errors OLS regression can be
shown to produce the best unbiased linear estimation of the slope. However, this essential condition is often
over-looked or ignored, leading to erroneously low estimations of the relationship between two quantities.
This is explained in more detail here:
http://climategrog.wordpress.com/2014/03/08/on-inappropriate-use-of-ols/

Supplementary Information

Detailed method description.

The break of four months in the ERBE data at the end of 1993 was filled with the anomaly mean for the
period to provide a continuous series. This truncates what would have probably been a small peak in the
data, marginally lowering the local average, but since this was not the primary period of interest this short
defect was considered acceptable.

The regression was performed for a range of time-constants from 1 to 24 months. The period for the
regression was from just before the eruption, up to 1994.7, when AOD had subsided and the magnitude of
the annual cycle was found to change, indicating the end of the initial climatic response ( as determined
from the adaptive anomaly shown in figure 2 ).

Once the scaling factor was obtained by linear regression for each value of tau, the values were checked for
regression dilution by examining the correlation of the residual of the fit with the AOD regressor while
varying the value of VF in the vicinity of the fitted value. This was found to give a regular curve with a
minimum correlation that was very close to the fitted value. It was concluded that the least squares
regression results were an accurate estimation of the presumed linear relationship.

The low values of time-constant resulted in very high values of VF ( eg. 154 for tau=1 month ) that were
physically unrealistic and way out side the range of credible values. This effectively swamps the TOA
anomaly term and is not meaningful.

tau = 6 months gave VF = 54 and this was taken as the lower limit for the range time constant to be
considered.

The two free parameters of the regression calculations will ensure an approximate fit of the two curves for
each value of the time constant. The latter could then be varied to find the response that best fitted the
initial rise after the eruption, the peak and the fall-off during 1993-1995.

This presented a problem since, even with adaptive anomaly approach, there remains a significant, roughly
cyclic, six month sub-annual variability that approaches in magnitude the climate response of interest. This
may be at least in part a result aliasing of the diurnal signal to a period close to six months in the monthly
ERBE data as pointed out by Trenberth ", The relative magnitude of the two also varies depending on the
time-constant used, making a simple correlation test unhelpful in determining the best correlation with
respect to the inter-annual variability. For this reason it could not be included as a regression variable.
Also the initial perturbation and the response, rise very quickly from zero to maximum in about two
months. This means that low-pass filtering to remove the 6 month signal will also attenuate the initial part
of the effect under investigation. For this reason a light gaussian filter ( sigma = 2 months ) was used. This
has 50% attenuation at 2.3 months. comparable to a 4 month running mean filter ( without the destructive



distortions of the latter). This allowed a direct comparison of the rise, duration of the peak and rate of fall-
off in the tail that is determined by the value of the time-constant parameter, and thus the value producing
the best match to the climate response.

Due to the relatively course granularity of monthly data that limits the choice of the time-constant values, it
was possible to determine a single value that produced the best match between the two variables.

The whole process was repeated with and without subtraction of the oscillatory, pre-eruption variability to
determine the effects of this adjustment.

The uncertainty values given are those of the fitting process and reflect the variability of the data. They do
not account for the experimental uncertainty in interpreting the satellite data.




