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Abstract. The polar magnetic field plays a crucial role in the solar dynamo model and con-
tributes to predicting future solar cycles. However, continuous and direct measurements of this
polar field have been available only since 1976, with data provided by the Wilcox Solar Obser-
vatory (WSO). Recent findings suggest that the Cair K Polar Network Index (PNI) can serve
as a promising proxy for estimating the polar field of the Sun. In this study, we aim to recon-
struct the polar field for the pre-1976 period by leveraging Call K data from the Kodaikanal
Solar Observatory (KoSO; 1904 -2007) and modern Ca1l K observations from the Rome Preci-
sion Solar Photometric Telescope (Rome-PSPT; 2000 —2022). We employ an automatic adaptive
threshold technique to detect polar networks and calculate PNI values. Then, we calibrate these
PNI values with the WSO polar field to reconstruct the polar field over 119 years.
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1. Introduction

The polar field plays a crucial role in the solar dynamo model, as it subsequently gen-
erates the toroidal field, leading to sunspot formation (Charbonneau 2020). The strength
of the polar field at solar minimum is strongly correlated with the sunspot maximum in
the next cycle, aiding in predictions of future solar cycle strengths (Kumar et al. 2021,
Kumar et al. 2022, Upton & Hathaway 2023). Recently, Jha & Upton (2024) used polar
field data to predict the strength of Solar Cycle 25, which further shows the significance
of the polar field.

Accurately measuring the polar field is challenging due to the Sun-Earth line observa-
tion constraint. Despite this constraint, direct and continuous measurements started in
1976 with the Wilcox Solar Observatory (WSO; Svalgaard et al. 1978). But, for periods
before 1976, researchers have to rely on various proxies, such as photospheric polar faculae
and polar filaments etc., with polar faculae being the most commonly used proxy for polar
field estimation based on Mount Wilson Observatory (MWO) white-light data (1906 —
2007, Munoz-Jaramillo et al. 2013). However, this approach has limitations, as manual
counting methods introduce inconsistencies in faculae counts for different observatories.
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Consequently, developing a more robust proxy for improved polar field estimation is
essential.

Recently, the polar network index (PNI) has been identified as a superior proxy for po-
lar field estimation compared to polar faculae due to its automated identification process
(Priyal et al. 2014a). In this study, they used Ca1r K data from the Kodaikanal Solar Ob-
servatory (KoSO; 1909—-1990) for PNI estimation. However, certain periods in the KoSO
dataset (Priyal et al. 2014a) contained incorrect timestamps, potentially compromising
the accuracy of PNI and polar field estimation in the polar regions. Therefore, to make
a more accurate polar field reconstruction, we utilize recently calibrated (Chatzister-
gos et al. 2018, Chatzistergos et al. 2019, Chatzistergos et al. 2019b, Chatzistergos et al.
2020) and rotation-corrected (Jha 2022, Jha et al. 2024) KoSO Can K data (1904 —2007)
in this study.

1966-02-03 11:36

37—
[ --—- y=bx ®)
o 3
= _ | b=0.00042 £ 0.00002 & ]
£ % 1L r=096 i ]
> 5 [ p=096 2
[s9) Vea i
:e O r // ]
£ | A ]
500 1000 1500 2000 § —1 L %_‘@ ]
X [Pixel] [ %i 2 ]
350 ¥ [ . ]
3 -2 7 1
é 250 .
- _ ]
[ S OSSP S S S SR S B
%0 s 75000 2500 0 2500 5000
600 800 1000 1200 1400 1600 1800
X [Pixel] PNIkos0

Figure 1. (a) The red contours represent detected features, including plages and network re-
gions, in the Call K image from KoSO, observed on 1966-02-03 11:36 IST. The rectangular
blue box indicates the selected region covering latitudes from -55 degrees to -90 degrees in the
southern pole. The red contours highlight the identified bright polar network regions within this
designated area. (b) The scatter plots illustrate the relationship between PNI from KoSO and
the polar field measurements from WSO from 1977 to 2000. The red line represents the best-fit
line, while the shaded areas denote the 95% confidence interval.

2. Data and Methodology

The KoSO holds an extensive archive of Call K spectroheliograms with a bandpass of
0.05 nm centered at 393.367 nm (Chatterjee et al. 2016, Jha 2022, Mishra et al. 2024). For
this study, we use these century-long Ca1l K data, which have recently been calibrated
using a new technique (Chatzistergos et al. 2020) and corrected for solar rotation (Jha
et al. 2024. A sample full-disk image is presented in Fig.a). Additionally, we incorpo-
rate Call K observations from the Rome Precision Solar Photometric Telescope (Rome-
PSPT) for the period 2000-2022, with a bandpass of 0.25nm centered at 393.37 nm,
covering data from 1996 to the present (Ermolli et al. 2022).

We employ an adaptive thresholding technique to identify polar network bright regions,
specifically the NR method introduced by Nesme-Ribes et al. (1996). First, we take the
rotation-corrected image and crop the solar disk within 0.98 R to exclude unwanted
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regions near the limb. We then apply Eq.[2.1] to apply the threshold and detect bright
network regions, where (Coin) represents the minimum mean contrast, and (oyin), the
minimum standard deviation, characterizes the background intensity of quiet Sun. Here,
my, is set to 3.2 for both KoSO and Rome-PSPT images. The identified bright network
regions are shown in Fig.b). Further details on the method are available in Mishra
et al. (2024).

T = 6Inin + My * Omin, (21)

We analyze the latitude range of £(55° — 90°) for both the northern and southern

poles, selecting data during August—September for the north and February—March for

the south. A sample of polar network detection in the southern pole, outlined in red

contours, is shown in Fig.a). For calculating the PNI within the chosen region, we use

Eq.[2:2] where R represents the solar disk radius in pixels. Using this method, we compute
the PNI for both the KoSO (1904-2007) and Rome-PSPT (2000 -2022) datasets.

PNI — Number of N;‘;vmrk Pixels « 10, (2.2)
™

3. Result
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Figure 2. (a) The polarity-signed PNI series derived from Ca1l K data from KoSO and Rome-P-
SPT is presented for both the northern and southern hemispheres. (b) The polar magnetic fields
reconstructed from the PNI of KoSO and Rome-PSPT are illustrated for the time period from
1904 to 2022, with the northern hemisphere (dark red) and the southern hemisphere (dark blue).

A two-month averaged PNI series is created by combining Ca11 K data from KoSO and
Rome-PSPT spanning 1904 to 2022. Since the PNI values are all positive, we determine
polarity based on the timing of the minimum PNI values in both hemispheres. The
resulting composite polarity-signed PNI series, covering the period from 1904 to 2022,
is presented in Fig‘.a) for both hemispheres. To reconstruct the polar field from the
PNI values, which is the primary objective of this study, we calibrate the PNI values
against the direct polar field measurements from WSO. A calibration plot for the KoSO
PNT values is shown in Fig.(b) with green points, demonstrating a strong correlation
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between the PNI and polar field values, with Pearson (r) and Spearman (p) correlation
coefficients of 0.96. We apply a linear fitting to this relationship, yielding calibration
constant values of b = 0.00042 + 0.00002, as illustrated in Fig.b). This methodology
allows us to reconstruct the polar fields using PNI data from 1904 to 2022 for both
hemispheres, as depicted in Fig.(b).

4. Conclusion

In this study, we utilized Ca1r K data from KoSO (1904-2007) and Rome-PSPT
(2000 —-2022) to identify bright polar network regions within the latitude range of £(55° —
90°) for both the northern and southern poles. We calculated PNI from the detected
polar network regions and constructed a polarity-signed PNI series. Ultimately, we re-
constructed the polar fields using the composite PNI values over approximately 11 solar
cycles, beginning in 1904. This reconstructed polar field information will enhance our
understanding of the solar dynamo model, which has previously been limited by a lack
of historical polar field data.
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