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Abstract. Apparent evidence for a strong signature of so- or aerosols (seKirkby, 2007, for a review). Observational

lar activity in ground-based insolation data was recently re-evidence for this hypothesis, however, remains rather limited
ported. In particular, a strong increase of the irradiance of thgGray et al, 2010.

direct solar beam with sunspot number as well as a decline One important prerequisite for an improved understanding
of the brightness of the solar aureole and the measured presf the relationship between solar activity and Earth’s climate
cipitable water content of the atmosphere with solar activityis the precise measurement of changes in solar radiation asso-
were presented. The latter effect was interpreted as evidenagiated with the Sun’s variable activity. During the first half of
for cosmic-ray-induced aerosol formation. Here | show thatthe 20th century, the Smithsonian Astrophysical Observatory
these spurious results are due to a failure to correct for seg'SAO) carried out a large observational campaign to mea-
sonal variations and the effects of volcanic eruptions and lo-sure solar irradiance from several high mountain sitdsb6t

cal pollution in the data. After correcting for these biases, et al, 1932 1942 Aldrich and Hoovey 1954. Historically,
neither the atmospheric water content nor the brightness ofhe SAO data are important as the first attempt to measure
the solar aureole show any significant change with solar acpossible changes of the solar constant (the irradiance above
tivity, and the variations of the solar-beam irradiance with the atmosphere) with solar activity from ground-based data,
sunspot number are in agreement with previous estimatesan effort now superseded by highly accurate space-based
Hence there is no evidence for the influence of solar activitymeasurements taken during the last four decaBeshlich

on the climate being stronger than currently thought. and Lean2004).

The SAO data were used in a number of studies to inves-
tigate changes of solar irradiance with solar activity. Earlier
claims regarding an increase of radiation with solar activ-
ity in the SAO data Aldrich and Hoovey 1954 were later
shown to be likely due to calibration changéslén, 1959
or reflect variations in atmospheric transmission rather than
i:shanges of the solar constangstom, 1970. Further-

1 Introduction

Quantifying the effect of solar-activity variations on Earth’s
climate remains an important, yet somewhat controversial is

sue. There is now a broad consensus, however, that there S . )
a small, but discernible influence of solar variability on the more, searches for periodic signals on decadal timescales in
climate on decadal and longer time scales @mekal et al the solar constant derived from these data yielded no results

200§ Haigh 2007 Lockwood 2009 Gray et al, 201q for (Sterne and Dieted 958 Hoyt, 1979, and an upper limit of
recent reviews). The climatic changes associated with solaleSS than 0.17% for any long-term trend of the solar constant
variability are largely caused by variations of the total solar ©Ver the 30yr of SAO measurements was establisSegfife
irradiance (TSI) and the solar spectral irradiance (SSI) Withand Dieter 1958. On shprter timescales, variations of the
solar activity. Furthermore, it has been speculated that th(§Olar constant due to bright faculae and dark sunspots have
modulation of cosmic-ray flux with solar activity might influ- °€€n detected at a level of below 0.1Fo(kal et al. 1977

ence the climate via formation of cloud condensation nucleiroukal and Vernazza 979.
Despite their importance, however, the SAO data are gen-

erally considered to be strongly influenced by systematic
Correspondence td5. Feulner effects caused by different observers, instrument upgrades,
BY (feulner@pik-potsdam.de) changes in calibration procedures and the effects of local
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pollution and volcanic aerosolslfyt, 1979 Roosen and An-  the solar aureole (a bright glow around the Sun caused by for-
gione 19849, requiring an extremely careful analysis before ward scattering of sunlight by atmospheric aerosols which is
any sound conclusions can be drawn. also known as circumsolar sky radiation or, historically, as
Recently, apparent evidence for a strong effect of solar acpyranometry) measured in a ring around the Sun (viewing
tivity on terrestrial insolation based on the SAO data was pre-angles from 3.5to 14.5 from the centre of the Sun un-
sented \\Veber 201Q hereafter W10). Specifically, the anal- til the early 1930s, and from 850 18.5 afterwards); (3)
ysis of the observational data forming the first part of W10 the pyrheliometry, i.e. the irradiance of the direct solar beam
reports a strong increase of the irradiance of the direct so€orrected for sky brightness as measured by the pyranome-
lar beam (measured on the ground) with sunspot number ater (see alsddoyt, 1979. From these measurements, daily
well as a decline of the brightness of the solar aureole withvalues for the solar constant (the irradiance on top of the at-
solar activity. Moreover, a relatively strong decline of atmo- mosphere) were derived which are not considered here.
spheric water content with sunspot number was found. In These SAO observations were combined with data on
the second part of W10, these results are theoretically interelaily sunspot numbers to allow analysis of trends associated
preted in terms of a signature of cosmic-ray-induced aerosolith solar activity. Units in the combined catalogue were
formation. converted to Sl units, and, followinBoosen and Angione
Motivated by the findings of W10, this paper re-analyses(1984), empirical offsets to the pyranometry data (reflecting
the SAO dataset for trends associated with solar activity (thechanges to the instruments due to different viewing angles
first part of W10), focusing not on the solar constant mea-and the addition of sunshades in the early 1930s) were taken
surements, but on the ground-based data on precipitable wanto account. Furthermore, two obvious typos in the number
ter vapour, aureole brightness, and direct solar beam irradief the year were corrected. No further changes were applied
ance. It thus investigates whether these results in W10 carto the data.
withstand critical tests concerning systematic biases and an |n addition to the SAO data used in the following, in
improved error analysis. Note that this paper will not discussSect.5 the solar irradiance data from Mauna Loa Observa-
the theoretical considerations on cosmic-ray-induced aerosabry (MLO, Price and Pales1963 will be briefly consid-
formation comprising the second part of W10; it rather inves-ered as they form part of the analysis in W10. These MLO
tigates whether the observational basis on which this theoryata putton et al, 1994 Dutton and Bodhaine2001) were
is based is sound. kindly provided by Ellsworth G. Dutton and comprise auto-
This paper is organised as follows: Seztntroduces the  matic measurements of solar irradiance from 1958 to 2008
dataset and potential problems with the analysis in W10.taken at local noon as well as at airmass values of 2, 3, 4 and
Sections3, 4 and5 re-analyse the data for the precipitable 5 both during mornings and afternoons. After correcting for
water, the brightness of the solar aureole and the irradiancg few obvious typos in the data, they were merged with daily
of the direct solar beam for potential trends with solar ac-sunspot number in much the same way as the SAO data. Low
tivity as traced by sunspot number, before the findings aresolar irradiance values (either due to bad weather or instru-
summarised in Secé. ment failure) were filtered out using a cut-off of 80% of the
median value.

2 Datasets, data analysis and problems 22 Dataanalysis

2.1 Datasets As in W10, changes of the solar irradiance on the ground,
the brightness of the solar aureole and the atmosphere’s wa-

During the first half of the 20th century, the Smithsonian A k ) b
Astrophysical Observatory (SAO) carried out an ambitioust_er content with sunspot humber are investigated in terms of

campaign to determine the solar constant from ground-baself1€ar regression analysis. A linear d_epengience on sunspot
observations at various mountain stations. Here | focus oftumber is chosen due to its simplicity; this choice is not
these SAO data for the years 1923-1954 and the two site2S€d on any assumption about the underlying physics. Note
Cerro Montezuma (Chile) and Table Mountain (Califorhia) that there is some debate in the Ilteratu're': apout how well
(The data prior to 1923 are generally considered problematicSUnspot numbers actually trace solar activity in general and
and stations other than Cerro Montezuma and Table Moun€hanges in solar irradiance in particular (e/gang et al.
tain were operated only for very brief periods of time.) 2005; analysing the SAO data with respect to other indica-

These data mainly contain three measured quantities: (1§°rS Of solar activity is beyond the scope of this paper, how-
the precipitable water content of the atmosphere determine§V€" _ _ _
from the ratio of the intensity in three water-vapour absorp- !N addition, changes in median values and the variance
tion bands to the continuum intensity; (2) the brightness ofof the three variables with sunspot numiieiare analysed.

lavailable at  ftp://ftp.ngdc.noaa.gov/STP/SOLARATA/ 2pAvailable at http://sidc.oma.be/DATA/dayssmport.dat ac-
SOLAR.IRRADIANCE/abbot/ access: 12 November 2010. cess: 12 November 2010.
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Table 1. Dependence of precipitable water cont@htaureole brightnessa and the irradiancé of the direct solar beam on sunspot number

R as measured by the best-fitting linear slogé8/dR, dA/dR, anddI/dR for the SAO data taken at Cerro Montezuma (M) and Table
Mountain (T). The second column lists the values as reported in Table 1 of W10, butavighrdr bars. In the third column the values

from this re-analysis of the data are presented, showing mostly very similar values to the ones in W10, but substantiablydamyeldrs.

Finally, the values in the last column are based on data corrected for seasonal variations and without periods affected by volcanic aerosols
or local pollution. After correcting for these effects and with improved error estimates from bootstrapping simulations, the data show no
significant trend of the three quantities with sunspot number.

This work

Data and station Weber(2010 not corrected corrected

Trend in precipitable water conte#V /d R [mm]

SAO all —0.020£0.0033 —0.026+0.0121 —0.0010+£0.0139
SAOM —0.042+0.0046 —0.050+0.0113 —0.0056+0.0119
SAOT +0.017£0.0053 +0.008+0.0134 +0.011640.0193

Trend in the brightness of the solar aured/d R [W m—2]

SAO all —0.010£0.0003 —0.0124+0.0011 —0.0014+0.0011
SAOM —0.013+0.0004 —0.0144+0.0010 —0.0026+0.0010
SAOT —0.006+£0.0005 —0.007+0.0013 +0.00164+0.0015

Trend in the irradiance of the solar beaifyd R [W m_z]

SAO all +0.059+0.0051 +0.073+£0.0135 +0.01004+0.0399
SAOM +0.084+0.0069 +40.116+0.0131 +0.01914+0.0362
SAOT +0.032+:0.0076  40.024+0.0140 —0.0049+0.0460

Median and variance are computed in four intervals of the Furthermore, it is important to note that even these cor-
sunspot number (& R <40, 40< R <80, 80< R <160 rected formal errors of the linear regression parameters un-
and 160< R < 320). The width of these intervals is cho- derestimate the true error for three reasons. First, any mea-
sen to increase with sunspot number in order to reduce theurement is afflicted by random measurement errors. For the
imbalance in the number of points within the bins. current data, this effect should be small, however, due to the
Finally, mostly results from the Cerro Montezuma data arecomparatively small measurement errors and the large num-
shown in this work since they are generally considered tober of data points. This assumption has been tested and con-
be of the highest quality. The same analysis was also perfirmed using Monte Carlo simulations, finding a negligible
formed for the Table Mountain data, however, with quanti- influence on the error of the slope.
tatively very similar results unless explicitly mentioned oth-  Secondly, one needs to be concerned about the distribu-
erwise. In the following, potential problems with the datasettion of data points to which the line is approximated: there
and the analysis presented in W10 are discussed, beginningre very many data for small sunspot numbers, but only very
with a critical look at the errors for the linear regressions.  few points for large sunspot numbers. These few points at
large sunspot numbers will certainly influence the slope of
the line. To assess the effect of this statistical sampling on
o . the error of the fit a set of 10 000 bootstrapping simulations
;ICrJS;é I(t)fthhoeu:?ngzrprzgrt:;jsic:)lg :Zzg:theedf%rq/]\?lloe Zg;;?rtghgwas performed for gach measuremept_variable, station gnd
Girmass. In these simulations, the original sample was first

. 0 X
too small. W10 lists 98% confidence level errors for the SlOpedupIicated, before half of the sample was selected randomly

E:/heeb“eneena(r:chi?/:fe:Sclﬁr(;Tn-trtjrt\)/Lelsla?nf dh:rgzﬂi\rl'w-]r::]e_?aeblvglue%ach time (thus keeping the number of data points used in
the linear regression the same), and the linear regression for

|1nﬂ:glfr(\;\grlf((.)rlr:r;{zeslrg-?ansiytﬂz (;L?:riztarsei;?orgsv?/gidcr;?rﬁhe potential trend of the variable in question with sunspot
o p g number repeated.

ted following the standard d vingt d : . .
puted following the standard procedure (&gvington an The resulting error for the slope of the linear fit is now

Robinson 2002, finding errors for the slope which are typ- o . o
ically a factor of 2-2.5 larger than the ones reported in w100" average 20% larger than without the bootstrapping, indi-
cating a non-negligible effect of the poor statistics at large

see the values in column 3 of Tall .

( P sunspot numbers on the slope of the trend. These improved
error estimates are used in the following analysis unless oth-
erwise noted.

2.3 Error of the fit
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3294 G. Feulner: Re-analysis of Smithsonian solar constant data

1.0 200 e
= o t ]
e @ oo _ ®)
€ 08r —— JA 8 S Fooo 1
5 2 '

§ 0.6 7] E -
- = £
= r = 100}
i<l Q [
e ] 3
= =
s 0.2f — g TE.
© o
3] £
n [
00 oo b by b by | | 0
0 50 100 150 200 250 300
Sunspot Number R Day
301"'x""x""x""x""x""x""4 1200 e e
F© 1 L@
251 -
_ ~1100F 1
E £
z 2
j 1000¢ -
3 8
= =]
3 ©
< =
900 [~
O:HuluHluHluuluuluuluu: 800 s b b b b b P g ag |
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 35
Day Day

Fig. 1. lllustration of seasonal selection bias for observations at Cerro Montezuma and airmagg Eraction of observations taken in
each season as a function of sunspot nuniheshowing a strong difference in the seasonal distribution between small and large sunspot
numbers(b) Annual variation of the measured precipitable water conériblack squares), based on all years in the dataset, but excluding
years affected by volcanic aerosols or local pollution (see 3eé9t. The red circles are monthly median values, and the red line a third-order
spline fitted to these. Note the strong seasonal variation and the large short-term scatter of th¢o)ehaese as before, but showing the
annual cycle of aureole brightnegsand(d) of the irradiance of the direct solar beam.

Thirdly, there could be some sort of systematic trends or There are two systematic effects, however, which are well
offsets in the data which are due to the way the measurementanown and must be corrected before analysing the dataset.
were done or analysed. These effects have been reported fdihese effects are the annual variation of the data and certain
the SAO data and include selection effects due to cloudyperiods heavily affected by volcanic aerosols or local pollu-
days or instrument failures combined with the large daily tion.
and annual variations, instrument changes, slight differences
in readings done by different observers, and calibration is© 4 Seasonal bias
sues Hoyt, 1979 Roosen and Angiond984). For example,

Fhere IS a Qecregse in pyrheliometry for Cerro Mon.tezur_naTo test whether any seasonal selection bias could influence
n 1924.Wh'0h might be an artecht, and an unexplained Mthe analysis of trends with solar activity, a histogram of
crease in Table_ Mountain p_yrhehometry in 1939. Further- sunspot numberg for all four seasons, Cerro Montezuma,
more, sys_tematlc errors which are probably due to change nd airmass .5 is shown in Figla. The fraction of obser-
in calibration of the SAO measurements have been reporte

ep . “Vvations in June—August (JJA) increases withdominating
(Allen, 1953' These effects are d|ff_|cult to assess apd V\.”” for high sunspot numbers, while the fractions of data taken
not be considered further, although it should be kept in mind

that this dataset is far f being h di in December—February (DJF) and March—May (MAM) de-
at this dataset s far from being homogeneous and IS Celg o s withr, At R > 240, for example, 67% of all observa-
tainly not without systematic errors, making any analysis of

trend difficult tions were taken during JJA, whereas there are no data from
rends very dimmeutt. DJF. The precipitable water content of the atmosphere, the
aureole brightness, and the irradiance of the direct solar beam

Atmos. Chem. Phys., 11, 3293301, 2011 www.atmos-chem-phys.net/11/3291/2011/
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Fig. 2. Time series diagrams f¢a) the daily sunspot numbe for solar cycles 16 to 1&b) the absorption by volcanic aerosols (expressed as

the smoothed optical depthat 550 nm in the Southern Hemisphe®ato et al.1993, (c) the brightness of the solar aureole (pyranometry),

and(d) the direct solar beam irradiande(pyrheliometry) for Cerro Montezuma and all airmass values. Years affected by aerosols from
volcanic eruptions and/or local pollution (for the years after 1950) accordibtpyd (1979 andRoosen and Angiongl984) are marked

by the grey shaded areas in the lower two panels. A baseline at an arbitrary value of 4 Wlose to the annual minimum) is shown in

(c), making clear that during these times the seasonal minima of the pyranometry values are larger than normally. Similarly, an arbitrary line
at 1200 W nT2 is shown in(d). For greater clarity, the pyrheliometry values were converted to airmass 1 using an empirically determined
extinction coefficienk = 0.0884 (see Sech).

vary strongly with the seasons, however (see the other pane®.5 Volcanic eruptions and other sources for aerosols
of Fig. 1), suggesting that the observed trends with sunspot
number are in reality, at least partly, due to a seasonal effecﬁ o . , . . .
NI . . Tt is highly instructive to look at the time-series diagram

The seasonal distribution of observations for other stations gnly 9

. . : of the sunspot number, the brightness of the solar aureole
and/or other airmass values is not in all cases as skewed as

; o Tand the solar-beam irradiance shown in Fig.According
for Cerro Montezuma and airmass 2.5, but it is never free 0tO Hoyt (1979 and Roosen and Angion¢1984), the years
seasonal bias, an effect which must be accounted for. On y 9 ’ y

way of doing this would be to work with annual averages of 928-1931 are affected by the eruptions of the volcanoes
y 9 . X . . 9 Paluweh and Reventador, 1932-1933 by volcanic activity at
the data, thus losing all information on shorter time-scales.

: . .. _~'Cerro Azul, 1951-1952 by a number of smaller eruptions,
Alternatively, one could correct for this seasonal variation
: ) o . and 1953-1955 by local aerosols at Cerro Montezuma and/or
by simply subtracting the deviations of the monthly medi-

. : . lobal str heri veil of unknown origin.
ans from the annual mean for the variables in question, ané’f‘gOba stratosphe cdus-t erord _ own ong _
re-analysing the distribution of these corrected values with It can be seen from Fig2 that during these periods of
sunspot numbeR. Results of this exercise for the trends time the baseline values of the solar aureole brightness were
of the corrected values of the precipitable water content, theeonsiderably higher than at other times. Similarly, the at-
brightness of the solar aureole, and the direct solar beam irmospheric transmission as measured by the irradiance was

radiance with sunspot number are presented in S8cts. markedly lower. Note that these two periods overlap with
and5, respectively. the minima between solar cycles 16 and 17, and 18 and

19, respectively, suggesting a strong effect of these distorted

www.atmos-chem-phys.net/11/3291/2011/ Atmos. Chem. Phys., 11, 32912011
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measurements on trends with sunspot number. It should also 1905 1910 1915 1920
be noted that the solar minimum between cycles 17 and 18 300F
is not affected by volcanic aerosols and shows neither an en-
hanced aureole brightness nor lower irradiance values, which
argues against solar activity being the cause of the changes in
irradiance and aureole brightness during the other two solar
minima.

Due to these effects visible in the data taken between
1928-1933 and 1951-1955 these measurements should not
be considered in any search for trends with solar activ-
ity. Indeed, they have been excluded from the analysis in

250
200
150

10

Sunspot Number R

Sects 3, 4, and5. r '(b) Katmai
On a related note, volcanic aerosols are also behind the 0.08- ]
apparent wavelength-dependent trends of atmospheric trans- r
e . . = 0.06
missions with sunspot number based on Mount Wilson data &
taken in the period 1905-1920 and shown in Fig. 2 of o 008
W10. A comparison of sunspot numbers and optical depth _§ '
of stratospheric aerosols in the Northern Hemispheve-at 5 0.02

550 nm Gato et al. 1993 during this time interval is pre-
sented in Fig3. The solar minimum between cycles 14 and
15 is heavily affected by volcanic aerosols from the eruption
of Katmai (Alaska) in 1912, naturally explaining why solar-
minimum transmissions appear to be lower and redder during Year
this time interval.

In any case, the SAO observations prior to 1923 are generfig. 3. (a) Time series diagram for the daily sunspot numReor
ally considered to be less reliable, and the short time-spaitthe time period of early SAO observations (1905-1921), spanning
of less than two solar cycles with data for only one so- solar cycles 14 and 15(b) Absorption by stratospheric aerosols
lar minimum (heavily affected by volcanic aerosols) makes (xPressed as the smoothed optical dep# 550 nm in the North-
any investigation of trends with solar activity meaningless. 6™ Hemispheresato et al.1993 during the same period of time,

It should also be noted that astronomers regularly measurahowmg that the solar minimum between cycles 14 and 15 coincides

. . - L - . with high levels of volcanic aerosols from the eruption of Katmai in
night-time atmospheric extinction coefficients at optical and 1912, Please note the change in scale for the optical depth as com-
near-infrared wavelengths at numerous observatories arounﬁiared to Fig2.
the world, and no correlation with solar cycles of the mag-
nitude reported in W10 is known (e.gngione and de Vau-

couleurs1986.

000 1 1 1 1 1 1 1 1 1 1 1 1
1905 1910 1915 1920

will affect the computation of median values, resulting in
a non-perfect correction for seasonal variations. Further-
more, | omit data taken during periods affected by volcanic
or other aerosols as described in S&ch.

First the reported decline in precipitable water content with ~ The result of this exercise is shown in Fh. The formal
solar activity is investigated. For illustration | focus on the value for the slope of the linear fit is now0.010+0.014. In
Cerro Montezuma data taken at airmass 2.5 shown in Fig. Dther words, there is no significant trend (at thelével) of

of W10 (a re-analysis is shown in Fida in this work). In-  the observed atmospheric water content with sunspot num-
deed, the observed trend is largely driven by data from thidder. To test its robustness, the seasonal correction was also
site (see Table 1 in W10); from this table it is also clear thatperformed using monthly averages instead of medians, both
data from Table Mountain actually show the opposite trendcomputed at a given airmass and for all airmass values, as
of water content with sunspot number, a fact that should al-Well as with seasonal corrections computed for each day us-
ready raise some concern about the general validity of théng the spline shown in Figl. The results are very similar
result. for all cases.

As described above, | correct for seasonal variations of at- In addition, Fig.4b also presents the changes of the val-
mospheric water vapour by subtracting the difference of theues of the median and the variance of the atmospheric water
monthly medians and the annual average of the precipitableontentW with sunspot number in four R intervals. There
water content before computing the linear regression. Notds no significant change in the medians, which also demon-
that there is considerable day-to-day scatter in the precipstrates that a linear model is a reasonable approximation to
itable water content, especially in DJF (see Hik), which the data. The slight decrease of the variance with sunspot

3 Precipitable water content

Atmos. Chem. Phys., 11, 3293301, 2011 www.atmos-chem-phys.net/11/3291/2011/
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Fig. 4. (a)Precipitable water conterW¥ versus sunspot number for Cerro Montezuma and airmass 2.5, showing a very similar trend to
the one presented in Fig. 1 of W10. The linear slope has a valu®@554+0.014. (b) Same as before, but for the corrected values of

the precipitable water contient, i.e. with the deviation of the monthly medians from the annual average subtracted to correct for seasonal
variations, and without the data from years affected by volcanic aerosols or local pollution. The red line indicates a linear regression to the
data, showing no statistically significant trend with sunspot number (st@@104+0.014). The blue circles and their error bars illustrate
median values and the variance in four sunspot-number intervals.

number is very likely caused by the larger scatteiofiur- data from the years affected by aerosol contamination yields

ing the months DJF, which comprise a higher fraction of ob-a much smaller and barely significant value for the slope of

servations for small sunspot numbers than for high sunspothe suggested trend with sunspot number (see3big. Fur-

numbers (see Se@.4). thermore, there is insignificant change of median values and

Although only results for Cerro Montezuma and airmassthe variance with sunspot number.

2.5 have been shown, it should be emphasised that the re- Other stations and airmass values exhibit a similar be-

sults for other stations and other airmass values are very simhaviour, summarised in Tabte Hence the trend of solar-

ilar. Best-fitting values for both Cerro Montezuma and Table aureole brightness with sunspot number reported in W10 is

Mountain are summarised in TaldeAfter correction of the  again due to systematic effects and not a result of atmo-

seasonal selection bias and without data from years stronglgpheric changes caused by solar activity.

affected by aerosols the SAO data show no statistically sig-

nificant trend of the precipitable water content with sunspot

number. Note that any small residual trend, if at all present5 Solar irradiance

may be due to the necessarily imperfect correction for sea-

sonal variations or some other systematic bias of the data lik&inally the apparent increase of the irradiance of the direct

calibration changes described in S&c8. solar beam (the pyrheliometry measurements in the SAO
data) with sunspot number W10 is revisited. The uncorrected
data for Cerro Montezuma and airmass 1.5 (one of the exam-

4 Brightness of the solar aureole ples shown in Fig. 1 of W10) indeed show a positive trend
(see Fig.6a in this work), while the data corrected for sea-

Next the brightness of the solar aureole measured in a ringonal variation (see Se@.4) and without the times affected

around the Sun (also called the pyranometry) is consideredby volcanic or other aerosols (see S&c§) again exhibit no

for which W10 found a strong decrease with sunspot numbestatistically significant trend with solar activity (Fi§b). As

(see Fig5a in this work for the case of the Cerro Montezuma for the other two variables there is no significant change in

data at airmass 1.5, the example shown in Fig. 1 of W10). Itthe median values or variances with sunspot number.

can be seen from Fidlc that — similar to the atmospheric ~ The results for other stations and airmass values are similar

water content — the aureole brightness exhibits a clear annugbee the summary in Tablg, although the combined SAO

cycle which has to be subtracted to ensure that the trend witldata show a non-significant trend &f /d R = 0.01+ 0.04.

sunspot number is not due to seasonal variations. This resultis in agreement with a previous study which found

Furthermore, the aureole data for certain years are stronglpo apparent evidence for a solar signal in the SAO pyrhe-

affected by aerosols from volcanic eruptions (and local pol-liometry data Hoyt, 1979.

lution, see the discussion in Seéth), as is evident from Note that, although statistically not significant in the SAO

the time series shown in Fig@. Repeating the linear regres- data, the change of the intensityof the direct solar beam

sion for the data corrected for the seasonal cycle and withoutvith sunspot numbeR of d1/d R = 0.01 W mi2 indicated in

www.atmos-chem-phys.net/11/3291/2011/ Atmos. Chem. Phys., 11, 32912011
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Fig. 5. (a) The brightnessA of the solar aureole (pyranometry) versus sunspot number for Cerro Montezuma and airmass 1.5, showing a
very similar trend to the one presented in Fig. 1 of W10. The linear slope has a vah@08f93+0.0010. (b) Same as before, but for the
corrected values of the pyranometry, i.e. with the deviation of the monthly medians from the annual average subtracted to correct for seasonal
variations, and without the data from years affected by volcanic aerosols or local pollution. The red line indicates a linear regression to the
data, showing no statistically significant trend with sunspot number (sl@d@0224-0.0008). The blue circles and their error bars illustrate

median values and the variance in four sunspot-number intervals.
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Fig. 6. (a)Irradiancel of the solar beam (pyrheliometry) versus sunspot number for Cerro Montezuma and airmass 1.5, showing a very
similar trend to the one presented in Fig. 1 of W10. The linear slope has a vak@@§3+ 0.030. (b) Same as before, but for the corrected

values of the pyrheliometry, i.e. with the deviation of the monthly medians from the annual average subtracted to correct for seasonal
variations, and without the data from years affected by volcanic aerosols or local pollution. The red line indicates a linear regression to the
data, showing no statistically significant trend with sunspot number (sl@f@039+0.0340). The blue circles and their error bars illustrate

median values and the variance in four sunspot-number intervals.

Table 1 corresponds to a variation of 0.13% betweaes- 0
and R = 150, which is the order of magnitude for the varia-
tion of the total solar irradiance at the top of the atmosphere
derived from satellite measurements between solar maxima
and minima (e.gErohlich and Lean2004).

Due to the importance of the solar irradianteon the
ground, its variation with sunspot numbRmaybe deserves
more attention, and one can try to derive a best estimate for
dI/dR from the SAO data. To construct this best estimate,
the following steps are taken:

— Only Cerro Montezuma data are considered, since they
are generally thought to be of the highest quality.

Atmos. Chem. Phys., 11, 3293301, 2011

Only measurements during JJA are taken into account
because of their lower scatter (see Hid).

Periods of time with enhanced volcanic and local
aerosols are excluded, and seasonal variations are cor-
rected as described above.

To improve statistics, measurementd @it different air-
mass valueX are combined. The differences in atmo-
spheric extinction are corrected by converting all data
to X =1 using a standard extinction law of the form
I1(X) = Ipexp(—« X), with an empirically determined
extinction coefficienk = 0.0884+ 0.0009, see Figra.

www.atmos-chem-phys.net/11/3291/2011/
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circles) of the solar irradiancé at different airmass values for all data taken at Cerro Montezumg) Best estimate of the variation of
solar irradiancd with sunspot number for the Cerro Montezuma data during months JJA at all airmass values and for days with low water
content and low aureole brightness, showing an increagenith R of the order of 0.1% between solar maxima and minima. The values of

the median and the variance in foRrintervals are show(blue circles with error bars)as is the result of a linear fit to the ddted line)
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Fig. 8. Time series diagrams f¢a) the daily sunspot numbe for solar cycles 19 to 23b) the absorption by volcanic aerosols (expressed as

the smoothed optical depthat 550 nm in the Northern Hemisphe&ato et al.1993, (c) the direct solar beam irradianédpyrheliometry)
as measured from Mauna Loa at airmass 2. Note that the maximum values of the optical depth are more than a factor of ten larger than for

the SAO data shown in Fi@. Prominent volcanic eruptions are labeled.

— Finally upper limits in the brightness of the solar aureole (and slightly better constrained than) the estimates given in

A <6Wm2 and in atmospheric water conteit <

30mm are applied.

www.atmos-chem-phys.net/11/3291/2011/

Tablel. Again, this is of the same order of magnitude as
the variation of the total solar irradiance determined by mea-
surements from space. Hence there seems to be no evidence
This best estimate of the variation of solar irradiance with for any strong enhancement of solar radiation changes due to
solar activity in the SAO data is shown in Fig.and yields
a linear trend ofd7/dR =0.01£0.03, in agreement with

unknown feedbacks in Earth’s atmosphere.

Atmos. Chem. Phys., 11, 32012011
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