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SUIENCE

The world’s longest-

running experiments
remind us that scienceis
a marathon, not a sprint.

BY BRIAN OWENS

Ithough science is a2 longterm pursuit. research

is often practised over short timescales a
discrete experiment or a seif-contained project
constrained by the length of a funding oycle. But
some investigations cannot be rushed. To study human
lifespans or the roiling of Earth's crust and the Sun's
surface, for instance, requires decades and even centuries.
Here, Nature takes a lock at five of science's longest-
running projects, saome of which have been amassing data
continuously for centuries. Some generate hundreds of
papers a year; one produces a single data point per decade.
Experiments operating at this pace are challenged by
shifting research priorities and technologies. and their
existence is regularly threatened by funding droughts and
changes in stewardship. But they are bound togsther by
the foresight of the scientists who started them and the
patience and dedication of those who

carry tha torch. If persistence predicts a

long and healthy life — as one 90-year

study of human longevity has suggested

— then the scientists featured here

could set some records themselves.
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Galileo was drawing sunspots as early as 1613.

400 YEARS ceue

s have been recordi ¢ of ts ever

meﬂmtdﬁoopemmwﬂcdmomthm4@yﬂnngo.mn6diko g
recorded his observations. But carly observers had no knowledge of
what the dark patches on the Sun's surface were, or of the magnetic g
ﬁddsdmauudthcm.Thatbcpnmdamgcwbcn.mlM&tthwiu El
astronomer Rudolf Wolf began m: matic observationsand §
developed a formula that is still used today to calculate the interna-
tional ber, also known as the Wolf number, which gives a g
mumofhowsdxacuvnylschmgmgmrtunc

In 2011, Frédéric Clette became director of the Solar Influences
Data Analysis Center, based at the Royal Observatory of Belgium in g
Uccle, which curates sunspot counts gleaned from photographs and
hand drawings of the Sun’s surface made by more than 500 observers
since 1700. 5

The data are invaluable for predicting sunspot activity, says Leif
Svalgaard, a solar physicist at Stanford University in California. The
activity scems to wax and wane over the course of 11 years or so, and
the streams of charged particles that the sunspots spray into space can
affect satellites and clectronics on Earth. The detailed records help
rescarchers to understand why that cycle happens, and to refine predic-
tions of particularly intense events. “The longer the time series is, the
better we can check our theories,” Svalgaard says. Around 200 papers
ayear cite nmspot data, i n ficlds extending beyond solar physics to

agneti: heric science and climate science.

Buuhccnt:rpruenmslargdyongoodwill.ﬁuhmomh.thcndpm
centre collates sunspot numbers from about 90 observers, two-thirds
of them amateurs, who use small optical telescopes no more powerful
than those available 200 years ago. And although it is a World Data

illan Puilishers Limted. Al rights reserved



Outline

« Main changes in the Hoyt & Schatten Database
— 17th century
— 18th century

« Recovering old data
— Great observers
— Sunspot positions
— Solar diameter
 Maunder Minimum

— Reading original sources
— Solar cycle signal?



Main changes in the database
compiled by Hoyt and Schatten

17th century
18th century
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Vaquero et al. (2012) Solar Phys. 277, 389

Relationship between GSN and AD for 1848-1995 from Hoyt & Schatten (1998). Polynomial fit (order 4)
Is shown for AD < 95% (blue line and points). Graphic inserted shows the same relationship during the
Maunder minimum. Black lines represent the theoretical values for an average observer with 1
(continuous), 2 (dashed), and 3 (dotted) groups for each active day.
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polynomial fit of last Figure. The inset presents an enlarged version but restricted to values AD < 35%.
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Important sunspot observers: the
cases of D.E. Hadden (Alta,
lowa), Madrid Observatory, and
Lisbon Observatory

Carrasco et al. (2013) New Astronomy 25, 95
Pérez-Aparicio et al. (2013), in progress
(see posters)

Vaquero et al. (2012) The Observatory 132, 376
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EVOLUTION OF A SUNSPOT GROUP FROM 8/3/1898 TO 14/3/1898

b
i 8/3/1898
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Drawings of the full solar disc; A) 15 March 1895 B) 26 February 1895

Vaquero et al. (2012) The Observatory 132, 376.

Detailed drawings of sunspot

group observed from 8 to 14
March 1898.
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Recovering old data on
sunspot positions

Nogales & Vaquero (2013), in preparation
Casas & Vaquero (2013), Solar Phys., in press
Carrasco et al. (2013), in preparation
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On Dr. Swmﬁerﬂng’s Observations of the Solar Spots in the
Years 1826,1827,1828,and 1829. By R.C. Carrington, Esq.

When I visited North Germany in the year 1856, one object
which I had in view was to obtain personal information of the
observations of the solar spots made by Dr. von Scemmerring; as
I thought it probable, from the account given of them by Pros
fessor Thilo, in a dissertation published in the year 1828, thﬁi
records made by a man of Seemmerring’s eminence would exhibit
a degree of accuracy which would repay the labour of reduec-
tion; and, when reduced, would put me in immediate possession.
of an, ancient series which might enable me to obtain a more

Carrington (1860)
MNRAS 20, 71

exact value of the time of rotation of the sun on its axis. I
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The sunspot catalogues of Carrington, Peters and de la Rue: quality control and
readable-machine versions (Casas & Vaquero, 2013, Solar Phys., in press)
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Difference between the latitude calculated by de la Rue and our study. A sinuosoidal
behaviour is present from January 15, 1864 with a period of a year and an amplitude of 14.5

degrees.
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Figure 4. Butterfly diagram based on about 135,000 sunspot positions derived from Schwabe’s observations of 1825-1867. A similar plotting style as used by
Hathaway? is employed here.

Arlt et al. (2013), MNRAS
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Solar diameter In 18th century

Ruiz-Lorenzo et al. (2013), In
preparation
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Mural quadrant by Bird (London)

Cadiz Observatory had the same
instrument and methodology used by
Tobias Mayer in Goéttingen
Observatory (Wittmann, 1980, 1998).
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Table 1. Observations performed in Observatory of Cadiz (Spain) in late 18th Century.

Period Number of obs. Solar Radius (")
Jun-Dec 1776 68 059.61+1.61
1773-1776 310 059.84+2.90
1788-1790 391 064.55+5.48
1776-1790 701 962.46+5.09
985
980 v . These
975 - > ] : s : r. observations are
~or0 | o ‘3 : T . K {' comparable to the
=~ o S . },. - L N ones done by
S 965 g X ee g W - Tobias Mayer at
T 960 Z%;?; 5 ° 5o o %g o D 8 e the same time, but
* NS 6 U % Togg fR T the dispersion is
g r Lo A I higher.
w90 * . o :
.2 -t NS The observations
945 - . 33 g performed
940 - : between June and
035 1773-1776 December 1776
2368800 2369000 2369200 2369400 2369600 2369800 2370000 2370200 feefar&;nore
Julian Day '
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Maunder Minimum: consulting
original sources

Vaguero et al. (2013), In
preparation
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Sunspot record with
measurement of solar
meridian altitude

Sunspot record without
measuring solar
meridian altitude

No sunspot record with
measurement of solar
meridian altitude

No sunspot record
without measuring solar
meridian altitude

Be carefull!!

Sunspot records are not associated with
measurement of solar meridian altitude!!!



Year AD NAD AD%
1653 11 11 50.00
1654 3 1 75.00
1655 n.a. n.a. n.a.
1656 n.a. n.a. n.a.
1657 4 2 66.67
1658 0 2 0.00
1659 0 47 0.00
1660 28 30 48.28
1661 2 16 11.11
1662 n.a. n.a. n.a.
1663 0 7 0.00
1664 n.a. n.a. n.a.
1665 n.a. n.a. n.a.
1666 n.a. n.a. n.a.
1667 n.a. n.a. n.a.
1668 n.a. n.a. n.a.
1669 n.a. n.a. n.a.
1670 n.a. n.a. n.a.
1671 2 3 40.00
1672 n.a. n.a. n.a.
1673 n.a. n.a. n.a.
1674 n.a. n.a. n.a.
1675 0 2 0.00
Total: 50 121 29.24
1653-1663: 48 116 29.27
1659-1661.: 30 93 24.39
Year H&S98
1653 0.9
1654 0.7
1655 0.5
1656 0.6
1657 0.2
1658 0
1659 0
1660 2 —
1661 0.8 G S N O ' 9
1662 0
1663 0

> AD%=29.27

AD%=24.39 | ~ones

GSN=3 J

The estimations of GSN from
Hevelius’ observations are 3-8
times higher than the values
obtained by Hoyt and

Schatten!!!
\

> GSN=0.5
4
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Can we detect the solar cycle In the
Hoyt & Schatten Database?

* Hoyt & Schatten Database is DE GNOMONE
contaminated with “zero” values of SN e
derived from solar-astrometric = ?I“-&V,,I S ETRON
observations (solar altitude, solar ot s s
radius, ...). Bosracuio uanTarro

 As an example, we can cite the
observations made with the great
meridian lines (camera obscura).
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http://www.flickr.com/photos/pacobellido/
http://www.flickr.com/photos/pacobellido/

Can we detect the solar cycle In the
Hoyt & Schatten Database?

| have designed a "new" database (extracted from HS98). The
purpose is to use only reliable observations to pinpoint AD and NAD.
| have only chosen (for each year) observers with recorded AD.

HS98
64 Observers ‘
19358 days with records

402 Active days
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Can we detect the solar cycle In the
Hoyt & Schatten Database?
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Can we detect the solar cycle In the
Hoyt & Schatten Database?
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Can we detect the solar cycle In the
Hoyt & Schatten Database?
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Some conclusions

In the last few years, three major changes in H&S98 database have
been proposed:

— Onset of Maunder Minimum (Vaquero et al., 2011).
— Solar Cycle -1 (Vaquero et al., 2007; Vaquero & Trigo, 2013)
— Lost solar cycle (Usoskin et al., 2009; Zolotova & Ponyavin, 2011).

There is interesting lost solar information that is preserved in
archives and libraries. We need a “Sunspot/Solar Historical
Archive”.

Maunder minimum was a period of very low sunspot numbers as
Hoyt & Schatten stated. However, their values probably are
understimated because they used astrometric observation records
(including camera obscura records!). Most likely, the solar cycle is
present in sunspot data.
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Long-term Spatial and Temporal
Variations of
Aurora Borealis Events In the
Period 1700-1905

Vazquez, Vaquero & Gallego
(2013), Solar Phys. (submitted)
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Yearly number of aurorae in the following catalogues: (dotted line) Krivsky and
PPJ]II] (1988) updated by Krivsky (1996), (thin solid line) Angot (1897), and (thick solid line)

Fritz (1873). The first two catalogues are limited to zones further south than 55 degrees of

geographic latitude.
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Map showing the places where aurorae were visible at least once in the Northern
Hemisphere during the studied period. (e) Fritz and Angot catalogues: (red squares) other
catalogues and reports.

27 000 auroral events with more than 80 000 observations.
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European and North African data: Correlation of the annual sunspot number
with the fraction of auroral events above a critical geomagnetic latitude. The inset shows the
variation of the correlation coefficient for different geomagnetic latitudes.



