SUPPLEMENTARY INFORMATION 2: [To complement Appendix A: Non-linear lagged responses of the Earth’s climate system]
ABSTRACT
In this supplement of Appendix A, we have applied a second approach to the power law variations of the climatic lagged responses. To do so, we evaluate the Northern hemisphere temperature lag with respect to the annual solar cycle forcing, evaluate a complementary and independent model of the power law based on independent and complemented information, and compare the new approach with the previous approach. The consequent lag associated with the 9.5-kyr solar forcing is 1540 yrs, which is almost 3% lower than the 1586 yrs estimated with the first approach. This reduction, obtained in the second approach, implies a better comparison with other lags associated with the 9.5-kyr, with their mean average ratio changeing from 0.937 in the first approach, to 1.032 in the second approach, implying a reduction to almost half of the differences (6.3 to 3.2 %) to the ideal ratio 1. This supplement will be included in Appendix A. 
Corrections of the power law’s formula
A power law model is proposed as follows: 


[image: image1.wmf]b

a

P

P

L

=

)

(

,










(As1)

Where, L is the period of the lagged response of the Earth’s climate system, P is period of the oscillatory forcing, α is the amplitude factor and β is the exponent of the power law. NOTE: In the formula we have corrected the argument of L; it was t and is now P.
A second approach to apply the power law’s formula (with more data and two power law estimations)
The previous modeling considering std. dev. ranges of estimated lags, resulted in a 1.586 yrs lag for the 9.5Kyr-period of solar forcing. It was based only on the data shown in Table A1 (also shown in blue in Table As1, below). However, in order to verify our modeling and its results, an additional pair of P/L data is evaluated and used to adjust and compare two sets of independent and dependent power law models with more robust results. 
The new pair of P/L data is coming from the NHT annual cycle. We analyzed the lagged responses of the NHT annual cycle based on the HadCRUT (2016) monthly data over the January-1851 to July-2016 period. We have estimated a lag of 0.181 yr, as the mean value of the summer and winter lags of 0.130 and 0.233 yr, respectively, evaluated with non-linear (polynomial) interpolations of the mean monthly NHT anomaly values. The monthly values and their interpolations for winter and summer peaks are shown in Figure As1. In order to better model the months before and after March where the annual minima is located, the winter minima peak is modelled not taking into account the “outsiders” Sep-Oct-Nov-Dec monthly values (with reduced NHT temperatures from the lagged effects of the rainfall and hydrological seasonal cycle). The summer peak was obtained with a simple polynomial interpolation.  
In a second approach to apply the power law’s formula, we propose two models 1 and 2, with forcing periods greater and lower, respectively, than the 9.5Kyr-period of the recurrent solar activity patterns detected by SS16. 

Model 1, Mi1(P>9.5Kyr), is the model of average values based on Shackleton (2000)´s evaluated lags of three different orbital forcing oscillations, and another lag associated with plate tectonics (van Andel, 1994), with data shown in Table As1.
The new model 2, Mi2 (P<9.5Kyr), is independent with respect to model 1, is adjusted to the pairs of data coming from the described analysis of NHT, and the sea level (SL) lag analyses developed by Howard et al. (2015) and van de Plassche et al. (2003), and are displayed with the data of P/L pairs in Fig. As2a. Estimated parameters and equations are also displayed in this Fig. As2a. 
In the same Fig. As2a, the power law model 1 is also displayed, showing a good match between these models. Based on the two obtained power law equations, we are able to estimate the lags corresponding to the TSI ~9500 yr recurrent patterns based on two independent models (See Fig As2a). The mean lag of these two independent models is 1,569 yr. 
Two models were reevaluated but including the pair L/P (1.569/9.5 Kyr) and showing small changes. The resultant dependent models [Md1 (P>=9.5Kyr) Md2 (P=<9.5Kyr)], displayed in Fig. As2b, show small changes in the re-estimated lag of 1.539 Kyr with respect to the independent estimated lag of 1.569.

The resulting changes in the Lag for the second approach are included in the updated version of Table 1 with changes in the mean average ratio of other lags associated with the 9.5kyr lag, from 0.937 in the first approach to 1.032 in the second approach explained here (see below).
Table As1.  Lags of different variables with respect to their different astronomical, tectonic, centennial and annual forcing periods

	Variable
	Osc. Forcing
Period
	Lag

	
	[Kyr]
	[Kyr]

	Sea Level
	100,000**
	30,000**

	IceVol.
	100*
	14*

	D18OAir
	41*
	7*

	D18OAir 
	21*
	4.6*

	Sea level and Earth’s Climate
	9.5
	1.54

	Sea level (Van de Plasse et al., 2003)
	0.65**
	0.12

	Sea level (Howard et al., 2015)
	0.012
	0.002

	Northern Hemisphere Temp. 
	0.001
	0.000181*


*Shackleton (2000) and astronomical forcing, 

*Evaluated with HadCRUT4 (2016)’s data.

**van Andel (1994) and tectonic forcing, 

*Evaluated with Bard et al. (1997)’s data. See first version, App A.
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Figure As1. Northern hemisphere (NH) temperature lags solar radiation minima and maxima. a) Monthly average anomaly values based on the HadCRUT4 data from 1851 (January) to 2016 (July), with maxima in August and minima in March, instead of June and December when solar maxima and minima for the NH take place, b) polynomial trend for the minima temperature based on 9 monthly values from March to March and eliminating four outsider months possibly due to the hydrological cycle; c) polynomial trend for the maxima temperature based on 4 monthly values from June to September.
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Figure As2. Multiscale empirical models of climatic lagged response. Two power law models of lags, for higher and lower periods than 9.5 Kyr values, are displayed. Two graphs are displayed for the two power laws adjusted data from the Table A1: a) without, and b) with including the forcing period/lag time of 9.5/1.586 Kyr.
Updated Table 1. Lags of different variables of the Earth’s climate system with respect to solar activity as a response to the detected 9500-yr solar activity patterns by Sánchez-Sesma (2016)
	Variable or

Model
	Area of

Application
	Lag, with respect to SA

[yrs]
	Ratio

Lag/Model **

	CO2 Antarctic EPICA
	Global Atmosphere
	1670
	0.985 1.085

	CO3 in South Atlantic
	Global Ocean
	1550
	0.914 1.007

	Fe deposition in SW Pacific
	Global Ocean
	1570
	0.926 1.002


	Volcanic Activity
	Global
	780*

(=1560/2)
	0.455 0.507
(=0.91/2 1.014)

	Power Law Model 
	Global
	1695  1539
	1.000


* Although the lag of the volcanic activity is half of that from the 9500 yr period, it is considered as a part of the Earth’s climate system response. 

** Double crossed off text indicates first approach results.
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