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1. How can we construct a new version of SSN?

Improve the database with old and new observations
|.  Pending tasks (Hoyt & Schatten, 1998)

Il. Rediscovering “lost” records

Develop a new methodology to reduce all observations
|.  Computing classical calibration constants (k)

. New statistical techniques

Check our series using different tools
|.  Geomagnetic records (c. 1835) and other proxies

Il. Statistical techniques

V. Publish and maintenance of data




2. Sunspot database now

International Sunspot Number

Observations
compiled by
ROB.

Group Sunspot Number

Observations
compiled by

Hoyt and
Schatten.

Observations published by Wolf and
his successors in the Zirich journal
(1858-1947) first called “Mitteilungen
uber der Sonnenflecken” and later
“Astronomische Mitteilungen”. 224 503
observations from 306 observers.




3. Some examples of addition or corrections
3.1. The onset of the Maunder Minimum
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Accepted general scenario for Maunder Minimum (Usoskin, 2008):
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(1) We have added the Marcgraf sunspot records
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(2) We have eliminated the estimated (not observed) values from Crabtree's
comments (1638-1639).

Hoyt and Schatten (1998) wrote in their Bibliography: “According to a letter by Crabtree the
average number of spot groups seen in 1638 and 1639 were 4-5 per day. The database
has Greenwich fill values to give 4-5 groups per day. This substitution technique was used
to simplify the analysis. This is the only place in the entire database where we do this type
of substitution”.
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(3) We have corrected the dates and the numbers of sunspot groups of Horrox
observations in HS98 (from Julian calendar to Gregorian Calendar).

JEREMIZE HORROCCIJ

LivERPOLIENSIS ANGLT, ex Palatinata
LANCASTRIZE,

OPERA POSTHUMA,;

viz.

- Aftronomia Kepleriana, defenfa & promotas
Excerpta ex Epiftolis ad Crabtrenw fuum.
Obfervationum Ceeleftium Catalogus,
Lunz Theoria novi.

Accedunt
GUILIELMI CRABTR El, Mmeﬁriuﬁ:,
Obfervationes Ceeleftes.

In calce adjiciuntur :
JOHANNIS FLAMSTEDII, Derbieafis,

- De Temporis Zquatione Diatriba.
Numeri ad Luna Theoriam Horroccianam.,

_ LONDINI{,
Typis Gur1sru1 Gopeip, Impenfis J. MA R T ¥ N Regalis
=" "Societatis Typographi , ad infigne Campanz in Cocmetsrio
" D, Pauls, Anno Domini M.D. G LXXIIL

ftell appareret, nili forfan & Terrd nimis diftarer.

'nes Planerarum omnium , prafertim in oppofitione Solis, fed.brevitor

Et Obfervationes calefles, 309

pllnﬂ_a\'cris tealterum ad Septentrionem, alterumad Auftrum confpe~
xue. ) ’

Maii 22, h. 3. P. Radios Solares intromifi per Tubum Opticum
in cameram obfcuratam, (denlis tenebris non opus eft : ) atque in lim-
bo orientali, prope viam regiam (ut puto,) vidi duas nigras maculas.
Major diftabat a Solis margine min. 3. Maculz diameter longior ¢-
rat quafi min. 30", brevior quali min. 20", eratquein forma Ovali..

Maii 2 3, h. 3. P. Major duarum abfuit 3 margine min. 1, 20", .

Maii 24, h.3.P. abfuit min. o,25"; jimque fa&a erat minor
quimreliqya, quz a margine diftabat min, 1.

In magna diftan.ia erant b maculz colore czruleo, cum rubro mi-.
fto. Etcirca Solis difcum erat circulus caruleus, inter exteriorem ru-
brum, & viridem interiorem, (icut in Iride ;" fed pro varia vitri pofitio-
ne fubinde variabantar hi colores.

Effer macula illa, fi rotunda, Venere major, poffitque Cometz in-
ftar effc. Sia Sole projiceretur quantum inde Terra diftat, adinftac

Poft illos tres dies maculas nullas vidi. Tempus cft ut reverterentur
cxdem, fed nubes impediunt obfervationem.

Eft autem Tubus hic meus ex vulgaribus unus, pretii2f. 64, con-
tali tamen cum duobus aut tribus aliis, quos mutuo- habui, fed meo
(quantum ego judico) inferioribus. -

Hunc modum exiltimo egregium fore ad obfervandas Eclipfes. Ad-
mittit enim difcum Solarem tantz magnitudinis in. parva diftantia , ut
feré minuta fecunda poffis obfervare 5. atque lucem ai umbrd accurasé
ditinguit, {i ad jultam longitudinem edncatur.

Stellas fixas dum contucor, nihil video aliud quim radios andecunq;
emiffos, pro vario vitri pofitione fitus mutantes.

Mars videtur cjufdem quafimagpitudinis cum Jove : Keplerns ta-
men & Lu:&&r'gﬁu multo majarem faciunt,

Si Mars fit Terrd major, oportet Solis parallaxin multo minorem
efle qqim vult Kepleraus.

Ex Epift. Julii 25. 1638, Toxtetha.

Oftquam te viderim, nihil a te accepi, necdum ad te feripli quic- -
' quam.
L;':?gmnmmm tandem na®us fom. Haber ille multas obfervario-

deferipras




(4) We have eliminated one spurious observation by Gassendi on 1 Dec 1638.
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. . diftiterur insee (e
22 & Spica M 47ce= 1980 hoc et 1r.zrad §0.min, idque hora 6,

5 & Spica iy roocftyr4 hoe off yo. grad.a.min.

7 & 27 woto—17 1 4. hocelt pograd.y jomin.
E Y . F & AvCturus § 7003 & 300 hioc it 4o gad.min.ag+.
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R. E G I I P R 0 F E S o & 32 ieerdim 3 soo—; s2ohoc el agrm. g2 Reolic hanc diftantiam oprim& acceptam.
g S 0 R I S Dy 5 jo. Mang, Agarreto, Aquis- Sextiis , dilbirerunt inter fo
Y& Aaloina lans £ ggeo—i g2 4 oo oft segradamins b4 Audics i faceat bora 6,
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nz) ID E L ! c .E T & 3 sooe—igyf, hocell 2 grad i j.min,

& a;:ca M §9ocfe1769. hocelt jogrd.15.min,

I Infticutio Aftronomica cum Oratione Inaugurali, . : : & &r: m ;Tﬁ‘;?iffi ﬁ.‘;fa‘_ ; f:‘gn..mm,,“:,
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(5) We have changed the record by Rheita [1642].

OCVLVS
ENOCH ET ELIAE

S 1V E
RADIVS SIDEREOMYSTICVS

PARS PRIMA
AVTHORE
R-PF ANTONIO MARIA

SCHYRLEQ DE RHEITA

ORD. CAPVCINORVM CONCIONAT. ET
PROVINCIAE AVSTRIE AC BOHEMIAE
QVONDAM PRAELECTORE
Opus Philofiphis , A ftronomis , €5 rerwm celeflium aquis afti-

P mataribus non tam <iile quam iwcundum..;

Quo omnium Planetarum veri motus, ftationes , & retrocefSiones, fine
vllisepicyclis & zquantibus, tamin Theoria Tychonica, quim Coper-
nicana compendioffifime & iucundiftimé demonftrantur exhibentur-
due. Hypothefis Tychonis quoad abfolutam veritatem fabilitur ac fa-
cilior ipsa Copernicand redditur , reformatur, & ad fimplicifimam nor-
mam & formam reducitur.

HISCE ACCESSERVNT.

INosue harmonica determinationes molium & proportionm Pl ad insicem. Ttem plurima
alis noitates calo ab AuElore deduEle. ProbabilifSima canfa fluxus & refluxus Oceani.R atio
Breuis conficiend: kaﬁnphn_g@mm&mﬁh&im&?&n&ghx mechanicum ¢ rowsn,
quo’ pasce/Simis rotis Ders ommigm Planetarum motws incundé exhiberi quewnt.

Osia deleflaftime Domine in failura tua:es in operibus manssm twarvm exwltabo. PLo1.

ANTVERTP?PI £

Ex Officina Typographica Hieronym1 VerpvssiL
M. DC XLW

Cwm Gratia ¢ Prisilegio-

monti

i

242
& Sol morboillo palloris,& fzeus
lum rriftiori caligne laborarint.
Idem fub Conftantinoe Principe,
& Irene contigiffe ferunc circa an-
num Chrifti 797. Quorum tem-
poreper 17. integros dies, aded
nufquam vifus eft Sol,aded tenues
radios telluriimmific, vemundo
automnind abreprus,aut certé ra-
dijs & gratifsimd luce fpoliatus
exurusque crederetur. Enimverd
in vaftifsimo tunc oceano ober-
rantesneque curfum fuum perte-
ncbras dirigere, neque eelluriinfi-

ftentes ceeprum iter & negotia-

tiones humanas profequi potue-
runt.

Irerum Anno 1547. pertoram
vaftifsimam Europz plagam, So-
lis radij fanguineo colore adeo de-
leti videbantur trium dierum
{patio; vt mundo vltimum iam
quafiinciperent przniitiare diem,
Denique tempore , quo Rudol-
phus IL. Auguftusex humanis ab-
reptus fuerat , Solem per plures
dies,{ud eriftifsima facie & luceob-
fufcata ingentem terricolis denud
metum & horrorem incufSifle fe.
unt.

Horum igjtur {olarium prodi-
giorofn merito caulam indagare
liceat. Aliqui putant Soleminftar

ibue pe- 3leerins montis Athnz,aut Velu-

uijrecrementafuain extimam fu-

thiciem proflare,& veluti pluuid
Euillarum inde aded confpergi
& vndique circumdari, ve mundo
inde quafi eripiatur dies,{plendore
omni Solis intercepto, donec eru-

LIBER QVARTVS. .

@ante flammai agmen illyd fa-
uillarum  ab extima foperficie
difpergatur, aut favillz depaflcan-
tur. Qua {ententia, fi Solis ignis
{upponatur alimento & pabulo
foueri, forté aliquid probabilitaris
obtineret.Quod fi verd Sol,, velut
purifsimum clementum & im-
permixtus ignis, pabulo nulloin-
digeat, fed divinz potentix, vo-
luntatis & confernationis vis ei
vtique, vt conleruetur fufficiar;
non video vade Soliilla recre-
menta, & vitrina materia proue-
nirequeat.

Forté haud etiam inepté ta-
lium accidentium ratio afsignari -
pofler; feilicet i dicamus Soli fre-
quentem illum luorem & pallo-
rem,ex macularum, feu ftellarum
folarium nimiim quidoque con-
currentiii agmine cotingere. Adcd
enim quandoquedifcus folarisdi--
&is [tellis & maculis (caret, vt mi-
rum haud fit eius inde lumen no-
tabilifsimé hebetari debilitari-

ue.

Repreben-—

ret¢ per optimum & lon-
giorem tubum aftronomicum,
S ni torum  fimul f(olarem
ilcum difcoperiat exhibeatque)
conlfpectas, aliarn juim circula-
rifsimam & totundam figuram
oftendere, vt frequenter experti
fumus. Itaque toties femper fola-
res ecliples contingere neceffe cft,
quotics ftellz dicte Solem fub-
eunt; fubeunt autem frequentifsi-
mé; ergo multo frequentiores &
plures contingunt nobis folares
eclipfes, quam vulgusarbitracur.
Sed quis obfecrotalium eclipfium
arcanos refpectu celluris noftra
effeftus hadtenus penctravit 2 ve
id ergo paupelli illi deceptores
?\uffmlefag ',1:): :Etm de Fumri?:on-
tingentibus diuinare non erubef-

diarer 4- cont , cim mulea prafentia in
Loy - aftris ;‘_gnorent fidera & ita cacis &

" falfis

uis prognofticis procedant,
= Pars 1.

:CVNDYV M. 243
acfidicta aftraaue penitusin re.
rom natura non eflent;auc finein-

-Huxu efleat. .

.. Annoninfipientem medicum
illum iudicares , qui aurignoratis
penitus, aut {altem nonattentis
interioribus humani corporis mé-
bris,corumque in totum animale
corpus naturali&neceffarioinflu-
xu; ex lola inferiorum quorun- -
dam infpectione patienti, longio-
rem , aut breuiorem vitam pralu-
meret vaticinare, longiturnum
morbum, fortunam & fimilia?
Qui ergo ratione dictora Aftro-
logorum pleraque ceeli nobilifsi-

culas illas. penitiori obtutu di- ma aftra eorum§uein inferiora

influxus & energiam,aut omnind
ignorantium, aut faltem vix vm-
bram virtutumillord cognofcen-
tifiturma czco iudicio,& progno-
fticts fuis ictis tancopere hodie
mundum exexcare, homine(que
inanibus ac mendacibus verbis
cxco quali verbere ferire non du-
bitac 2 Cum@ue femper zquiuo-
c¢ mentiantur prognofticando;
mirum non eft ea qua alias reuerd
cafu tantiim contingunc quando-
ue,etfi prater intentioné progno-
{ticantium, accidere,, ficqueprz-
dictionibus eorum a fimpliciori-
bus fidem haberi, Ceré ipfo fta-
tim fronte zquinoco pradictio-
num- fuarum produnt, dquo ta-
lem diuinationem,fcienti,ant ve-
ridis infipientiam fuam havriant;
[cilicet non nifiabillo , (puta dia-
bolo ) qui hoc ipfifiimo modo
quondam famofum illud & no-
' " Hh2 tum




(6) We have incorporated a sunspot record by Horrox in 4 December 1639.
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MERCURIUS

~ In Sole vifus Gedani,
Ao Chriftiam <N DC LXE, d. 1T Ny St. .

Cum aliis quibufdam rerum Ceeleftium obferya-

tionibus, rarisq; phenomenis.
O gumerca i,

V' EN.ILS
In Sole pariter vifa, Anno 163 9,d. 2 4 Now. St.V.

LIVERPOLIE, A JEREMIA HORROXI0O:

MUNC FRIMUM EDITA, NOTISQUE ILLUSTRATA,

Duibu accedi firccinita
y HISTORIOLA .
Nova illius, ac mire Stellx in collo Ceti, certis anni temporibus claré admedim
affulgentis, rursits omnind evanefcentis,

GENUINA DELINEATIOQ,
Paralelenarum, & Parelioram quorune
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o T e > ey e
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3.2. Drawings by Staudacher (Rainer Arlt)

R. Arlt (2008) “Digitization of
Sunspot Drawings by

Staudacher in 1749 — 1796
Solar Physics 247, 399-410.

02T L I L L I O O O

R. Arlt (2008) digitized original . a ;
drawings by J.C. Staudacher made B | ]
in the period of 1749 — 1796. Arlt 50|~ -
also evaluated the usefulness of the I - ]

drawings for the determination of 0 .

sunspot positions for future studies. 20 l ]
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R. Arlt (2009) “The Butterfly Diagram in the Eighteenth Century” Solar
Physics 255(1), 143-153, DOI: 10.1007/s11207-008-9306-5
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4. Quality Control: an example
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Relationship between GSN and AD for 1848-1995 from Hoyt and Schatten (1998). Polynomial
fit (order 4) is showed 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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Relationship between GSN and AD for all available data from HS98. Black line is
the polynomial fit of Figure 1. The inset presents an enlarged version but restricted
to values AD<35%
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Cliver, Svalgaard & Schatten (2011)
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The Ratio Group/Zurich SSN has
Two Significant Discontinuities
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6. Some additional proposals

v'We need a archive or library which preserve all the historical material
related with sunspots records (originals [old books, journals or manuscripts],
paper copies, photocopies, digital copies, etc.).

v/| think that it is possible to construct a hemispheric sunspot number using
old sunspot drawings prior to RGO epoch (Staudacher, Schwabe, Peters, de
la Rue, Carrington, etc..).
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Difference (AMV-ADV)
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Number of days with records
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