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IIposedena oyenka moeo, HACKOILKO HAOEHCHO U MOUYHO COBPEMEHHbLE PEKOHCMPYKYUU
noaHotl conuneunou paduayuu (TSI) eoccmanasiusarom exosvie gapuayuu 3mou 8eIUYUHbl 8
npoutiom. Ilpoenos ooneocpounvix usmenenuti TSI 6 1978—2015 2e. npousseden na ocHose
ceMu NAneopeKOHCMPYKYULl, 0X8amvlearwux nocieonue 12—13 6exoe u 3aKOHUUBUUXCS 8
1978 2. Hcnonv3yemule peKOHCMPYKYUYU ONUCLIBAION 00JI208PEMeHHble 8APUAYUU C AMAIUM)-
doii om 0,22 Bm>xm™ (manousmenuusocmo cepus) 0o 2,36 Bm>xm™ (cepusi ¢ evicokoii usmen-
yugocmolio). boln ucnonvzoean HeauHelHbll AHANO208bIUL MEMOO NPOSHOIUPOBAHUS, U Pe3Yilb-
mamvl NPOSHO3a CPABHUBANUCL C PAKMULECKUMU HAON00aeMblmu 3HaveHusmu. bviio noxa-
3ano, umo, xoms 6 yeaiom Haoooaemvle 3anucu TSI nyuuie npedckasvigaromes peKoHCmpyK-
YUAMU € HUZKOLL UBMEHYUBOCMBIO, Helb3sl MAKJiCe UCKII0UAMb 8603MONCHOCb MO20, YMO COJl-
HeYHask paouayusi UCNbIMbLEANAd 3HAYUMENbHble KONeOAHUS 8 NPOULTOM.

Introduction

Long-term changes in the total solar radiation — a factor that potentially af-
fects the Earth's climate — are practically unknown. Instrumental measurements
of this value began only in 1978. Reconstructions obtained by indirect methods
vary greatly and show very different amplitudes of secular variations. They can
be divided into low-variability (LV) and high-variability (HV) records (Connol-
ly et al., 2021). But the question of which type of reconstruction — LV or HV —
describes the long-term variations of TSI in the past more accurately remains
open. Actually, how accurate are the estimates of TSI in the past? A major
weakness of all such estimates is that their quality hardly can be assessed
through their direct comparison to the observations. In present work it was per-
formed examination of which type of TSI reconstructions is preferable — low-
variability or high-variability. To solve this problem, the following algorithm
was applied: (a) forecasts of TSI changes in 1979-2015 were made using vari-
ous types of reconstructions as an information bank (see Ogurtsov (2009));
(b) results of the forecasts were compared with the real, instrumentally measured
TSI; (c) evaluation of which type of reconstructions predicts the real TSI more
accurately and reliably was performed. In the present work it were used the sev-
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en TSI proxy records — the time series of [1-7]. The amplitude of the secular
variation ATSI was taken as the standard deviation of the corresponding series.
Reconstructions with ATSI<1.0 Wxm™ [2, 4, 6, 7] were considered as LV series
and records with ATSI>1.0 Wxm™ [1, 3, 5] were considered as HV series.

Results
The two most up-to-date composite series of experimentally measured TSI
was obtained by Dudok de Wit et al. [8]. This composite data set has two ver-
sions — the first version was based on the original TSI records (TSIU) and the
second includes some instrumental corrections (TSIC). Both these composites
are shown in Figure 1.
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Fig. 1. A — annually interpolated TSI composites [8]. Black line — uncorrected version
(TSIU); gray line — corrected version (TSIC); B — ten year averages of TSI. Black line —
TSIU, gray line — TSIC.

Figure 1A shows yearly averages and Figure 1B shows ten year averages
(mean values over 1978-1987, 1988—-1997, 1997-2007, 2007-2015). All TSI
reconstructions were normalized so that their value at the end point (1978) coin-
cided with the corresponding value of the observed TSI averaged over decades.
Thus, TSI reconstructions consisting of 115-129 points and instrumental data
consisting of four points (1983, 1993, 2003, 2013) were used in analysis. Fore-
cast of long-term changes in TSI in 1978-2015 (4 points) was produced using
seven paleoreconstructions covering the last 12—13 centuries (115-129 points).
The nonlinear forecasts were made using the method of analogs, suggested by
Sugihara and May [9] and based on the reconstruction of the trajectory of the
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dynamic system of the predicted series in a pseudo-phase space. All forecasts
were made using the attractor dimension d=3 and seven nearest neighbors. For
each prediction the forecast error was estimated as a standard deviation between
the predicted and observed records. It were performed a number of simulations
in each of which the surrogate series was constructed by adding a random value
to each point in the forecasted record (1983—2013). Each random value was
generated by Gaussian white noise with a standard deviation equal to the corre-
sponding value of the prediction uncertainty. Then, the probability P of such
surrogate series describe the experimental record i.e. that (a) the 1978-2015
mean value of the expected series will have a deviation from the mean experi-
mental series of no more than 1 Wxm™ and (b) the predicted series will describe
a trend similar to the observed one (TSI-
fore(1983)<T'Sliore(1993)<TSlo(2003)>TSI0,o(2013)) was estimated. The results
obtained are shown in Fig. 2.
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Fig. 2. Dependence of the quality of nonlinear predictions on STD of reconstructions. A — er-
ror of forecast made for TSIC; B — probability of forecast made for TSIC; C — error of fore-
cast made for TSIU; D — probability of forecast made for TSIU.

Conclusion
The performed analysis, based on non-linear prediction, showed that:
(a) In general, the observed TSI records are better predicted by low variabil-
ity reconstructions.
(b) On the other hand, the fairly reliable prediction was obtained for the
TSIC record using HV reconstruction of Bard et al. (2000), which show rise of
TSI by 3.6 Wxm™ after the Maunder minimum.
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(c) All predictions obtained give a decreasing trend over the entire 40 years,
which is in better agreement with the PMOD version of TSI.
However, the possibility that TSI has experienced more significant fluctua-
tions in the past with amplitude of 1.2 Wxm™ (rise by 2.5 Wxm™ since the end
of the Maunder minimum) cannot be ruled out either.
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