
19/06/2026 23:29

A century of change: new changing-look event in Mrk 1018's past / Dunn, T., Mcelroy, R., Krumpe, M.,
Croom, S.M., Gaspari, M., Perez-Torres, M., Cowley, M., Omoruyi, O., Tremblay, G., Singha, M.. - In:
PUBLICATIONS OF THE ASTRONOMICAL SOCIETY OF AUSTRALIA. - ISSN 1448-6083. - (2025), pp. 1-8.

Terms of use:
The terms and conditions for the reuse of this version of the manuscript are specified in the publishing
policy. For all terms of use and more information see the publisher's website.

(Article begins on next page)

This is a pre print version of the following article:



Publications of the Astronomical Society of Australia (2021), 1–4

doi:10.1017/pasa.xxxx.xx

Research Letter

A century of change: new changing-look event in Mrk 1018’s past

Thomas Dunn1,2,∗, Rebecca McElroy1,2,3,4, Mirko Krumpe5, Scott M. Croom4, Massimo Gaspari6, Miguel
Perez-Torres6, Michael Cowley7, Osase Omoruyi9, Grant Tremblay9, Mainak Singha10,11,12

1Centre for Astrophysics, University of Southern Queensland, Toowoomba, QLD 4350, Australia
2School of Mathematics and Physics, Physics Annexe, The University of Queensland, St Lucia, Brisbane, QLD 4072, Australia
3School of Mathematical & Physical Sciences, Macquarie University, 12 Wally’s Walk, Macquarie Park, NSW 2113, Australia
4Sydney Institute for Astronomy, School of Physics, Physics Road, University of Sydney, NSW 2006, Australia
5Leibniz-Institut für Astrophysik (AIP), An der Sternwarte 16 14482 Potsdam, Germany
6Department of Physics, Informatics and Mathematics, University of Modena and Reggio Emilia, 41125 Modena, Italy
7Instituto de Astrofı́sica de Andalucı́a, Gta. de la Astronomı́a, Genil, 18008 Granada, Spain
8School of Physics and Chemistry, Science and Engineering Centre, Gardens Point campus, 2 George Street, Brisbane, QLD 4000, Australia
9Center for Astrophysics | Harvard & Smithsonian, 60 Garden St., Cambridge, MA 02138, USA
10Astrophysics Science Division, NASA, Goddard Space Flight Center, Greenbelt, MD 20771, USA
11Department of Physics, The Catholic University of America, Washington, DC 20064, USA
12 Center for Research and Exploration in Space Science and Technology, NASA Goddard Space Flight Center, Greenbelt, MD 20771, USA
∗ Corresponding author, Email: t.m.dunn@uq.net.au

Abstract
We investigate the long-term variability of the known Changing Look Active Galactic Nuclei (CL AGN) Mrk 1018, whose second change
we discovered as part of the Close AGN Reference Survey (CARS). Collating over a hundred years worth of photometry from scanned
photographic plates and five modern surveys we find a historic outburst between ∼1935–1960, with variation in Johnson B magnitude of
∼0.8 that is consistent with Mrk 1018’s brightness before and after its latest changing look event in the early 2010s. Using the combined
modern and historic data, a Generalised Lomb-Scargle suggests broad feature with P = 29 − 47 years. Its width and stability across tests, as
well as the turn-on speed and bright phase duration of the historic event suggests a timescale associated with long-term modulation, such as
via rapid flickering in the accretion rate caused by the Chaotic Cold Accretion model rather than a strictly periodic CL mechanism driving
changes in Mrk 1018. We also use the modern photometry to constrain Mrk 1018’s latest turn-off duration to less than ∼1.9 years, providing
further support for a CL mechanism with rapid transition timescales, such as a changing mode of accretion.
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1. Introduction

Changing Look Active Galactic Nuclei (CL AGN) are objects
observed to undergo dramatic transitions between bright broad-
line AGN (Type 1) to dimmer continuum, narrow-line (Type 2)
spectral states on timescales of years (Osterbrock & Koski 1976;
Temple et al. 2022; Ricci & Trakhtenbrot 2023). With these sig-
nificant changes occurring on human time spans, studying these
objects is an important method of probing accretion physics and
active galactic nuclei.

Mrk 1018 is a nearby late-stage merger at z = 0.043 and is one
of the only AGN observed to change spectral type twice since first
identified (McElroy et al. 2016). This behaviour has been the focus
of intensive study (e.g., Krumpe et al. 2017; Saha et al. 2025). First
categorised as a Seyfert 1.9 in 1981 (Osterbrock 1981), five years
later when re-observed, the broad lines had brightened sufficiently
to reclassify it as a type 1 (Cohen et al. 1986). Then between 2011–
2016, Mrk 1018’s luminosity rapidly declined and spectroscopic
observations showed a return to a type 1.9 state (McElroy et al.
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2016). Since then, the galaxy has been under close investigation,
with a notable bright outburst seen in 2020 (Brogan et al. 2023).

Several mechanisms have been proposed to explain the chang-
ing look phenomena. Terms to separate two distinct groups were
coined by Ricci & Trakhtenbrot 2023, Changing-Obscuration
(CO) events originate from intervening material, versus the
Changing-State (CS) behaviour due to some intrinsic effect alter-
ing the amount of accretion onto the central SMBH. Although Mrk
1018 belongs to the latter group (McElroy et al. 2016; Husemann
et al. 2016), the mechanism that caused the two transitions has
been much discussed (Husemann et al. 2016; Feng et al. 2021;
Veronese et al. 2024). A change in disk accretion mode is a popu-
lar (Lyu et al. 2021; Li et al. 2024; Veronese et al. 2024; Dong et
al. 2025; Saha et al. 2025; Adhikari et al. 2025) theory behind
Mrk 1018’s changing state as first described by Noda & Done
(2018). In this model the accretion disk switches between stable
states of differing accretion rates causing the changes in contin-
uum strength and line emission. Veronese et al. (2024) propose
significant brightening events, such as the one in 2020 (Brogan et
al. 2023) could be evidence for an Advective Dominated Accretion
Flow (ADAF, one of the modes of accretion engaged by this mech-
anism), and that long-term monitoring of Mrk 1018’s faint state
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may reveal more. They also favour the alternative, complementary
view of Chaotic Cold Accretion (CCA; e.g., Gaspari et al. 2013)
driving the changing accretion modes. In this framework, turbu-
lent, thermally unstable halos condense multiphase clouds that
collide, cancel angular momentum, and intermittently boost the
inflow. CCA naturally yields bursty, stochastic AGN feeding with
decade-scale correlation times and a flicker-noise power spectrum
(with bends near the characteristic feeding/feedback timescale;
Gaspari et al. 2020), offering a testable explanation for Mrk 1018’s
CL cycles without requiring strict periodicity.

Other proposed mechanisms can be tested through their peri-
odic nature, such as a binary black hole (BBH) system (Husemann
et al. 2016) or the highly elliptical orbit of a recoiling SMBH
(rSMBH), the result of a BBH merger (Kim et al. 2018). Although
there is evidence against both mechanisms in the case of Mrk 1018
(Hutsemékers et al. 2020; Walsh et al. 2023), if any periodic mech-
anism is behind its Changing Look, it is expected to repeat every
28–34 years based off the initial change between 1978 and 1984
and the secondary occurring around 2012. Hence, future (or past)
changes in spectral type or lack thereof would provide additional
evidence for or against such mechanisms.

With recent plate digitisation campaigns, we can look back at
Mrk 1018’s history to search for major changes in the past, provid-
ing insight into the mechanisms behind its Changing Look nature.
In this letter we use photographic plates digitised by Harvard
College Observatory’s Digital Access to a Sky Century at Harvard
(DASCH; Williams 2025), we build a comprehensive light curve
of Mrk 1018’s historic brightness over the past hundred years.

Section 2 describes the historical data, Section 3 the modern
photometry, Section 4 our analysis, Section 5 the discussion and
Section 6 the conclusions.

2. Historic Data

Over 400,000 photographic plates have been scanned and made
available by the Harvard College Observatory’s DASCH team
(Williams 2025). Each plate scan has astrometric accuracy of
1–5 arcseconds and photometric accuracy of 0.1 magnitudes, cal-
ibrated to the Johnson B band. Measurements are anchored to the
Hubble Guide Star Catalogue and AAVSO Photometric All-Sky
Survey (APASS) catalogue to match the 4–17 mag range of the
plate collection (Los 2012). The DASCH database represents a
new window into the past for transient and time domain astron-
omy. Using their custom Python package daschlab to interact with
the catalogue, we developed a pipeline to filter and display the data
alongside modern photometry.

After source extraction, DASCH flags potentially unreliable
detections using standard AFLAG criteria. For Mrk 1018, how-
ever, we found these flags often over-rejected detections. We
therefore manually inspected all candidate scanned plate images to
ensure data quality and detect when Mrk 1018 was resolved. Plate
quality being the significant factor, a resolved detection by-eye
was considered when Mrk 1018 was discernible above the back-
ground noise. Of the 8572 plates covering Mrk 1018, 160 yielded
such resolved detections. Due to an offset in position observed on
some plate scans (Mrk 1018 was resolved, but not at the correct
coordinates), an additional astrometric cut of 15” was employed
to remove these scans. This left 106 plate scans with confirmed
sources at Mrk 1018’s position for analysis.

Figure 1. Example plate scan taken from 1935 by the 3-inch Ross Fecker tele-
scope. Despite the small aperture, Mrk 1018 is clearly detected (red circle). This
plate was exposed for 8160s, slightly longer than the average of 5847s for the
other plates with resolved detections taken by the same telescope.

DASCH uses an isophotal photometry method whereby source
magnitudes are derived from contiguous pixels above a thresh-
old magnitude corresponding to background noise (Laycock et
al. 2010). With this method, an AGN like Mrk 1018 will have a
composite magnitude corresponding to host flux and AGN flux.

Isophotal magnitudes may include flux leakage from nearby
stars if the sources are blended, as is the case for many dense star
regions on saturated plates. These blended sources are detected
and flagged during DASCH processing with a cross-check of their
reference catalogue for more than one star within half of a detected
source’s full width half maximum radius. If multiple sources are
within this distance, they are flagged as blended objects (Tang
et al. 2013). Out of the 106 visually inspected plate scans, one
was flagged as blended this way and removed from processing.
Through this method, the remaining sources do not contain flux
leakage from the nearby companion stars.

These photographic plates come from 15 telescopes ranging
from 1 to 24 inches in size. Although some instruments were very
small, their photometry is consistent with the larger telescopes,
as seen in later analysis. Fig. 1 shows an example plate scan
cutout with a resolved detection of Mrk 1018 in the centre taken
from one of the two 3-inch Ross Fecker telescopes whose plates
were digitised by DASCH. Both Ross Fecker telescopes (one in
Bloemfontein South Africa, and the other Cambridge then Oak
Ridge, Massachusetts) provide the most detections as seen in Figs.
3 & 4 below, despite their small size.

Next, we attempt to verify if the trends seen in the light curve
of Mrk 1018 are real by comparing to same-plate detections of
nearby stars of similar brightness (± 1 mag) and B −V colour
(± 0.5) as per the selected APASS DR8 reference catalogue used
by DASCH. Sources of a similar median FWHM (± 25% of Mrk
1018’s median FWHM) from each of the plate scans. Hence, these
reference stars are selected within the ranges, 14.66 ± 1 magni-
tudes, B −V = 0.99 ± 0.5, and FWHM = 0.01 ± 0.003′′. These
stars are filtered through DASCH’s standard AFLAGs to reject any
flawed detections such as those impacted by poor plate quality or a
high background level. Despite the AFLAGs over rejecting in Mrk
1018’s case, we use reference stars with enough accepted detec-
tions during the important period of most variability, 1930–1950
(a 50% threshold ensures enough reference stars). The five of these
reference stars with the most detections can be seen in Fig. 2 sub-
plot b. No intrinsic variability cut is performed, instead the residual
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Figure 2. Subplot a: Mrk 1018 AGN + host galaxy historic data (in Johnson B
band magnitude). Subplot b: five nearby, similarly bright and coloured reference
stars. Subplot c: residuals of the mean magnitude of the reference stars at each
epoch (weighted by error) subtracted from Mrk 1018 magnitude. This shows the
variability in Mrk 1018 is not associated with plate systematics.

is calculated from the median magnitude of these reference stars
per plate date subtracted from Mrk 1018’s magnitude. This is
shown in subplot c of Fig. 2. From these reference star brightness
trends and their residuals against Mrk 1018’s brightness, we see
no systematical correlations with specific photographic plates for
sources of similar appearance to Mrk 1018.

3. Modern Data

To create the modern era of Mrk 1018’s light curve, data was col-
lected from a variety of publicly available catalogues and surveys.
Namely, Sloan Digital Sky Survey’s Stripe 82 (SDSS, Frieman et
al. 2008), Catalina Real-time Transient Survey (CRTS, Drake et
al. 2009), the Zwicky Transient Facility (ZTF, Bellm et al. 2019;
Graham et al. 2019), the Asteroid Terrestrial-impact Last Alert
System (ATLAS, Tonry et al. 2018) and the All-Sky Automated
Survey for Supernovae (ASAS-SN, Shappee et al. 2014; Kochanek
et al. 2017). This data spans a 27 year baseline from 1998–2025
(see Fig. 5 within Appendix A for the enlarged light curve). Where
difference images or forced photometry is available (ZTF, ATLAS
& ASAS-SN), we use the reduced images including AGN and host
flux for the fair comparison between the historic data.

4. Analysis

4.1. Type 1 era

One of the primary concerns when constructing the combined light
curve of historic and modern data for Mrk 1018 is the differing
magnitude systems across telescopes and catalogues. Empirical
relations which convert from one magnitude system to another
depend upon the colour of a source, and given the majority of
DASCH plates are blue or unfiltered (Williams 2025), we use Mrk

1018’s modern colours to make the conversion into the historic
system of Johnson B band. Additionally, for CL AGN colour is
seen to vary along with changing spectral type with a bluer-when-
brighter trend which must be considered while treating the modern
light curve which spans a transition (Yang et al. 2018).

We perform the SDSS photometry via SExtractor on the stan-
dard SDSS filtered g and r frames (Fukugita et al. 1996), using the
isophotal measurement for consistency with the DASCH results.
These measurements define the early time colour (g − r), from
1998–2007, of Mrk 1018’s AGN + host when in a Type 1 state.
These ranged from 0.578 to 0.714, with a median g − r colour of
0.632. To convert to Johnson B band, we use the empirical relation
for galaxies, ideal for Mrk 1018 as an extended source, derived
from Cook et al. (2014) Table 3:

B ≈ g + 0.268(g − r) + 0.218 (1)

CRTS photometry, spanning 2005–2011, was originally unfil-
tered and calibrated to Johnson V-band. CRTS uses aperture
based magnitudes, which we assume includes host-flux. First we
improve the photometric accuracy using the equations described in
the Catalina Surveys Data Release 2 (derived using Landolt 2007;
Landolt 2009),

V =VCRT S + 0.31(B −V )2 + 0.04 (σ = 0.059) (2)

Here we calculate the colour index, (B −V ), using SDSS (g − r)
measurements within the same epoch (10 days), or else use the
median SDSS (g − r), converted using the similarly derived Cook
empirical transformation for galaxies (Cook et al. 2014):

(B −V )≈ 0.893(g − r) + 0.161 (3)

The improved photometry V-band magnitude is then converted to
B-band with the addition of the (B −V ) colour index.

We observed an offset of the CRTS magnitudes from the Stripe
82 photometry for Mrk 1018 by +0.135 mag. This is within a
small residual’s (+0.084 ± 0.194) median absolute deviation for
N = 5675 matched sources within a 7-day window epoch in Stripe
82 frames. This likely stems from the unfiltered origins of CRTS,
converted into Johnson V using G0-G8 comparison stars Drake
et al. 2009, any sources with differing SED will introduce the ∼
0.1–0.2 magnitude residuals seen. To account for this, the median
offset (0.135) mag is added to the corrected CRTS magnitudes.

4.2. Type 2 era

A new colour term is calculated for the appropriate conversions
during Mrk 1018’s fainter state using ZTF (2018–2024) g and r
band observations. Observations taken within a three day period
are used in tandem to calculate the colour index per epoch. Similar
to the SDSS colour, the median ZTF colour (g − r = 0.881) is
used for the any other conversions made outside of its epoch. ZTF
measurements themselves are converted to Johnson B using Eq. 1.

The ASAS-SN aperture photometry (16” radius) which spans
2013–2018, is in Johnson V-band and is converted using the same
method as CRTS. A similar approach is taken with ATLAS (2015–
2025) whose cyan (c) and orange (o) bands are first converted to
g − r with the transformations within Tonry et al. (2018).

ATLAS and ZTF use a PSF for photometry, removing the
extended galaxy flux from Mrk 1018’s host from the magnitudes.
However, the historic and other modern magnitudes include the
host’s contribution to flux. Hence, we determine the host-flux by
fitting it as the average difference between the median ASAS-SN
flux and the median PSF flux (ATLAS and ZTF). This singular
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magnitudes and 1 σ ranges. Vertical dashed lines and shaded regions show spectroscopic CL events in Mrk 1018’s past.
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years width) is shown by the solid black line, with a 1σ grey band. Plates taken by telescopes larger than 8 inches have larger markers, whereas smaller telescopes are
indicated with 55% opacity. Horizontal lines indicate Type 1 magnitude (SDSS; 2000–2010) and Type 2 magnitude (ASAS-SN; 2013–2018) with 1σ bands.

value for host flux is combined with the PSF survey’s flux mea-
surements. Losses from total galactic flux due to ASAS-SN’s 16”
aperture size are likely to the order of the flux losses within the
photographic plates and hence neglected.

The combined historic and modern light curve is shown in Fig.
3. Horizontal lines indicate the brightness in the Type 1 state in
the 2000’s, based on the mean SDSS magnitude, and Type 2a

aWe are aware Mrk 1018’s faint state is a mostly optical Type 1.9 Seyfert, however, for
simplicity, we refer to the optical type of Mrk 1018 as ‘Type 2’ throughout the paper.

brightness from the ASAS-SN mean. A larger spread is seen in
the historic data compared to the modern observations, with one
σ corresponding to 0.3 mags on a typical epoch. Given the 0.1
mag photometric accuracy of DASCH, which is mirrored by the
standard deviation of the reference stars in Fig. 2, the remaining
deviation is attributed to intrinsic AGN variability associated with
shorter timescales which are difficult to visually discern on the
100-year light-curve. Figure 4 better shows this short timescale
variability, in addition to the significant event around 1940, with a
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black rolling average line and 1σ error envelope. Larger markers
highlight plates taken with telescopes greater than 8-inches in size.
Data from smaller telescopes, indicated by the 55% opaque mark-
ers, follows the same trend as the larger telescope data. While the
observations are limited by the telescopes of the time and the qual-
ity of the photographic plates, the detections of Mrk 1018, which
were visually confirmed as resolved sources free from defects or
blending, yield a σ = 0.3 magnitude, indicating a relatively good
agreement between all the smaller telescopes.

Early observations within the 1910s indicate a low state lumi-
nosity, after which the state is not clear from the limited observa-
tions until ∼1930 where it appears still low. Starting from 1936,
Mrk 1018’s flux increases until ∼1943, when it settles to an
increase of 19.3 ± 25.1% compared to the 2000s Type 1 flux
value. It remains at this magnitude (average 14.50 ± 0.31) until
at least 1951, when the majority of observations ends. With two
observations, Fig. 3 hints at a decrease back to a Type 2 luminos-
ity around 1960. Mrk 1018 must return to a Type 2 before 1978
(when first classified; Osterbrock 1981). The modern photome-
try perhaps indicates the start of Mrk 1018’s transition back to a
Type 1.9 Seyfert around 2007, with a slight drop in flux to 2011,
although there exists a sharp decline between 2011–2013 not cov-
ered by the surveys here, to match the observed magnitudes in
ASAS-SN. Hence, if this rapid drop in luminosity is the turn-off
event, this work constrains a new maximum turn-off duration of
683 days (∼ 1.9 yr), with previous estimates between 2–3 years
(Saha et al. 2025). This supports CL mechanisms which can dras-
tically affect the brightness of the source within particularly short
timescales, such as via a changing mode of accretion.

We calculate a possible period using a Generalised Lomb-
Scargle (GLS) periodogram of the historic and modern data. We
find a broad GLS maximum, peaking at P = 47.32 ± 0.73 years.
The GLS normalised power against log-frequency can be found
in Appendix A. We test this result with bootstrap resampling
(N = 200), yielding a median of 46.96 yr, and IQR 46.31–47.77.
A jackknife split gives a PEarly = 49.64 yr and PLate = 50.09 yr
to confirm neither modern or historic bias. A shuffle-based null
test yields a 95th percentile maximum LS power of 172.39 around
the candidate period (200 shuffles), well below the observed LS
power of 9845.75. From this we calculate an empirical false alarm
probability of 0.005.

5. Discussion

From the light curve, Mrk 1018’s historic brightness from 1943–
1951 is consistent with its Type 1 brightness seen in the 2000s.
Although similar extreme AGN variability (in excess of one mag-
nitude) is not often associated with CL events (on the order of
20%; MacLeod et al. 2019), given Mrk 1018’s history as a recur-
rent CL AGN, it is compelling to attribute such dramatic change
in brightness to an additional changing look event.

The period derived from the peak of the power spectrum,
47.32 ± 0.73 years, does not fall within the expected range from
the previous transitions, 28–34 years. However, the GLS spectrum
shows a broad low frequency plateau, where the first major peak is
at P ∼ 29 yr, which is more consistent with the expectation. This
likely tells us that there is a characteristic several-decade timescale
associated with Mrk 1018’s variability rather than a strictly peri-
odic cycle. There are two further inconsistencies with a truly
periodic mechanism: the transition durations and the Type 1 phase
duration. The historic light curve indicates an initial brightening

duration of ∼7 years, and a potential fading duration no longer
than 9 years. This is consistent with a typical changing look event
timescale (Ricci & Trakhtenbrot 2023), although somewhat longer
than Mrk 1018’s previously recorded transitions with a maxi-
mum 6 years turn-on (between 1978 and 1984; Osterbrock 1981;
Cohen et al. 1986), and less than ∼1.9 years turn-off (2011–2013).
Additionally, if Mrk 1018 turns-off around 1960, this historic Type
1 phase lasts no longer than ∼20 years. This is notably shorter than
than the 28–34 year duration of the previously observed bright
phase (∼1984–2012). Both of these inconsistencies disfavour a
strictly periodic CL mechanism in Mrk 1018.

Our data show (i) century-scale variability with extended low
states and asymmetric bright phases, (ii) a dominant and broad
low-frequency feature at ∼29–47 yr that remains stable under
our colour conversions, and (iii) no persistent narrow peak above
noise/aliases in our period analyses. These findings are consis-
tent with expectations from Chaotic Cold Accretion (CCA; e.g.,
Gaspari et al. 2017; Veronese et al. 2024), where turbulent conden-
sation and cloud–cloud collisions intermittently enhance inflow,
yielding stochastic variability with a characteristic correlation
timescale (e.g. eddy turnover time at micro scales) rather than a
strictly periodic signal. In this framework, the 29—47 yr feature
is interpreted as a characteristic timescale (not a coherent oscilla-
tion), and the 1935-–1955 episode (20-–25 yr) as a single extended
event. CCA therefore offers a self-regulated, stochastic AGN feed-
ing explanation for the long-term modulation, without invoking
a mode-locked cycle. Although, given only two full periods and
gaps within the 100-year light curve, an alternative consideration
is that this characteristic period may be an artefact of intrinsic
AGN red noise Krishnan et al. 2021 triggering the changing modes
of accretion. More observations are required to better understand
the nature of Mrk 1018’s Changing Look. In line with this, if
Mrk 1018’s mechanism is a result of a characteristic correlation
timescale as opposed to intrinsic noise, we predict a turn-on tran-
sition for Mrk 1018 to begin between 2033 and 2045, based on
previous CL activity (1935, 1955–1960, 1978–1984, 2011–2013).

6. Conclusions

The historic DASCH light curves combined with modern data
show that Mrk 1018 underwent a significant brightening event
from ∼1936–1950 consistent with its Type 1 luminosity seen
in the 2000s. This is a new CL event in Mrk 1018’s past and
shows that such events recur. An analysis of the entire photomet-
ric behaviour, suggests a characteristic timescale between 29–47
years, indicative of a long-term modulation of spectral type rather
than a strictly periodic CL mechanism. Additionally, a new turn-
off duration is constrained for the 2012 event of ∼ 1.9 years,
supporting a CL mechanism for Mrk 1018 with the capability for
drastic luminosity drops in short timescales.

These archived and digitised plates are a unique opportunity
to peer into the past and examine AGN in an unprecedented way.
Yet there is much more to be done; analysing other known CL
AGN for previous, perhaps periodic events, or searching the his-
toric data for unknown CL events to identify objects of interest
for upcoming surveys such as LSST (Ivezić et al. 2019). With
these next-generation time domain surveys coming online, historic
records hold a wealth of knowledge that we may use to determine
what we can expect from such surveys.
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Data Availability

All historic photometry is available through the DASCH python
package (daschlab). The modern light curve data was accessed
through the CRTS, ASAS-SN, ATLAS and ZTF public catalogues.
Stripe 82 frames were accessed through the SDSS Data Archive
Server.
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Apendix A: Additional Figures
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