Refining the Sunspot Number Series to SN V3

Challenges and Benefits for the Space Climate Community
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The International Sunspot Number (SN) remains affected by
historical scale jumps such as the Waldmeier break, even after
two major recalibrations. FARSuN (Findability and Accessibility | = The Mittheilungen journals, compiled by Rudolf Wolf and successors at the Ziirich Observatory,| The Stark dataset (1813-1835), comprising printed German
of historical Raw Sunspot Numbers) tackles this by rebuilding |  form the backbone of historical sunspot observations, recording daily group and spot counts from descriptions of sunspot groups and chains, has been partially
the record from the ground up: collecting handwritten logs 1848 to 1945 and extending back to 1610 through Wolf's compilations. retrieved. Preliminary OCR and extraction tests show good
and tables from 1607-1980, digitizing them, and applying » Refining data consistency and observer calibration (Wolf-Wolfer overlap). potential, and ongoing work focuses on refining consistency,
consistent metadata and validation. » Finalizing metadata alignment for FAIR publication. QC flags, and metadata integration into the FARSuN database.
. » Resolving remaining ID and provenance issues across merged databases.
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underway.

1. Gather Sources: track down dispersed observing logs - C. H. Adams 1819-1823 338 sketches extracted
(Wolf's Mittheilungen, Zirich tables, Gruithuisen Zurich Tables (1945-1979) (1056 entries); spot-
manuscripts, .Adams drawings) and capture provenance The Zurich Tables form the foundational record of daily sunspot number production at the Zirich less days cross-checked
metadata at ingest. Observatory between 1945 and 1979, detailing group and spot counts, the adopted Wolf number, against Wolt series.

2. Process Data: use handwriting/OCR engines and observin Augustin Stark 1813-1835  Trial extraction are un-

g context. g
(Transkribus models, custom scripts) alongside manual » Fully digitized for 1945-1979 with detailed metadata completed for 1945-1959. derway.

double-keying for fragile entries. » Quality control and observer metadata harmonisation underway to maintain traceability.

3. Validate & Standardize: reconcile aliases, observer )
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Stephen, etc.) have been integrated into the current
schema for cross-validation and QC.

scales across centuries.

Figure: Facsimile of a typical handwritten yearly table
3. Aggregate to monthly, yearly, and hemispheric indices

» Automated quality checks detect inconsistencies (e.g., -t ted foint
with propagated uncertainties.

NG > NS, duplicates, missing metadata).

» Metadata harmonization for observers, instruments, and
observatories is underway.

C. H. Adams Data

FARSuN has recovered 338 full-disk drawings and 1,056 daily entries (308 spot days, 748 spotless)
from C. H. Adams (1819-1823), providing dense coverage with explicit spotless days.

4. Benchmark against SN V2 and satellite-era proxies to
validate drift corrections.

Next Steps » Quality checks to align direct and reflection methods for consistent calibration. Challenges

» Finalize canonical schema and close remaining legacy » Orientation, and standardisation of drawings to enable future positional and area extractions. > Decode Kurrent manuscripts while preserving marginal
Mmappings. | = Cbg %pniﬁ on the SUN., OBSERVED BY (ﬂbarlm 3@ i\hams 2 notes.

» Expand automated QC dashboards and uncertainty Tl marked rith an Foterisoase scon direct, the othersare mote accwratoly fuken by rofloction: » Harmonise drawings, ledgers, and weather annotations
modeling. ' ’ '

& L _ L » Quantify observer bias and spotless-day reporting habits.

» Scale up digitization and extraction (Adams, Gruithuisen, > Maintain orovenance from scanned folio to released

Stark, etc.) using HTR and citizen-science workflows. duct P
. roduct.

» Expose the full dataset through the EPN-TAP service, P
ensuring FAIR data availability. Space Climate Impact

» Use this harmonized database as the foundation for SN

V3 calibration and long-term solar activity studies.

» Dual-mode transcription: tailored Transkribus
handwriting models plus manual keying for complex
tables.

» Data hygiene: observer alias reconciliation, calendar
conversions, and spot/group recount audits.

Forecasting
Bias-free SN V3 improves solar

Citizen science
Interactive portal mobilises

volunteers to transcribe Kurrent cycle prediction skill and

operational space weather

manuscripts and sustain STEM

outreach. baselines.

Validated historical forcing Open science

The Gruithuisen manuscripts (1817-1849) capture daily sunspot notes, drawings, and weather FAIR-compliant releases with

context in German Kurrent script, supplying early-19th-century coverage vital for SN V3 refinement.

» Uncertainty modelling: propagate observer calibration refines long-term climate

curves and note spotless-day confidence flags. APIls and uncertainty bundles

models and Earth radiation

budget studies. accelerate community reuse.
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» Automation: reproducible Python pipelines with
checkpoints for citizen-science ingestion and review.

Image sets and text snippets fully collected with preliminary CSV /XLSX extraction
completed.

Quality Gates » Two-pass QC (survey + counting) with verified sunspot counts in progress
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For more information on FARSuN project, Different datasets, softcopy of
the poster, scan this QR code.

Data Portal: https://www.sidc.be/silso/ Version: Late 2025 snapshot
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