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

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

II. Rediscovering “lost” records

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

II. New statistical techniques

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

II. Statistical techniques

IV. Publish and maintenance of data



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

Group Sunspot NumberInternational Sunspot Number

RZ RG

Observations 
compiled by 
Hoyt and 
Schatten.

Observations 
compiled by 
ROB.

2. Sunspot database now
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1637: No data

1636: No data

1641: No data

1638-9: mainly
estimated values

3. Some examples of addition or corrections
3.1. The onset of the Maunder Minimum



Accepted general scenario for Maunder Minimum (Usoskin, 2008):

(1) transition from the normal activity to the deep minimum was sudden,
(2) a 22-year cycle was dominant in sunspot, and
(3) the recovery of the sunspot activity from the deep minimum to normal activity 

was gradual.

0

20

40

60

80

100

120

140

1610 1630 1650 1670 1690 1710 1730

Year

Su
ns

po
t N

um
be

r



(1) We have added the MarcgrafMarcgraf sunspot recordssunspot records
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Horrox (observations)
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Crabtree (estimated values)

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’’.

(2) We have eliminated the estimatedeliminated the estimated (not observed) values from Crabtree's 
comments (1638-1639).

Vaquero (2007), Adv Spa Res



(3) We have corrected the dates and the numbers of sunspot groups of Horrox
observations in HS98 (from Julian calendar to Gregorian Calendarfrom Julian calendar to Gregorian Calendar).



(4) We have eliminated one spuriouseliminated one spurious observation by Gassendi on 1 Dec 1638.



(5) We have changed the record by record by RheitaRheita [1642].



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



Vaquero et al. (2011), ApJ

We can use a statistical procedure (Usoskin, Mursula & Kovaltsov, 2003) to
reconstruct yearly group sunspot number from sparse daily observation.



3.2. Drawings by Staudacher (Rainer Arlt)

R. Arlt (2008) digitized original 
drawings by J.C. Staudacher made 
in the period of 1749 – 1796. Arlt
also evaluated the usefulness of the 
drawings for the determination of 
sunspot positions for future studies.

R. Arlt (2008) “Digitization of 
Sunspot Drawings by 
Staudacher in 1749 – 1796”
Solar Physics 247, 399-410.



R. Arlt (2009) “The Butterfly Diagram in the Eighteenth Century” Solar 
Physics 255(1), 143-153, DOI: 10.1007/s11207-008-9306-5



3.3. Madrid SSN: 110 years of solar observations
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4. Quality Control: an example

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%



-100

0

100

200

300

400

500

600

700

1600 1650 1700 1750 1800 1850 1900 1950 2000

Year

A
no

m
al

y

0

10

20

30

40

50

60

70

-1
00 -5
0 0 50 10
0

15
0

20
0

25
0

30
0

35
0

40
0

45
0

50
0

55
0

60
0

65
0

70
0

Anomaly

Fr
eq

ue
nc

y

1652

1633
1617

1635

1634
1741

1793
1807

1654
1809

1723-100

0

100

200

300

400

500

600

700

1600 1650 1700 1750 1800 1850 1900 1950 2000

Year

A
no

m
al

y

0

10

20

30

40

50

60

70

-1
00 -5
0 0 50 10
0

15
0

20
0

25
0

30
0

35
0

40
0

45
0

50
0

55
0

60
0

65
0

70
0

Anomaly

Fr
eq

ue
nc

y

1652

1633
1617

1635

1634
1741

1793
1807

1654
1809

1723

Anomaly values for GSN (blue dots). Graphic inserted shows the distribution 
of these values.



5. Leif’s breakpoints
Cliver, Svalgaard & Schatten (2011) 
IUGG XXV General Assembly, IAGA 
Symposium A12.2
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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.).

I 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..).

6. Some additional proposals
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