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1 Introduction

Radio studies of active galactic nuclei (AGN) in the time domain reveal a wealth of information about
processes near the central supermassive black hole, as well as propagation effects in intervening
media along the line-of-sight. Bignall et al. (2015) outlined the breadth of science that can be
undertaken via time domain studies of AGN with SKA-Mid, which remains essentially valid. AGN
dominate the radio sky, and indeed the dynamic radio sky (Andersson et al., 2023), and the SKA
telescopes will provide an immense legacy dataset for studies of variability across a broad range
of timescales, frequencies, and object classes. Such a dataset would address multiple scientific
questions, only a subset of which are mentioned in the present chapter. It is important to note that
the interpretation of AGN variability at radio wavelengths requires a knowledge of both intrinsic
and propagation effects. A number of relevant discoveries have been made in the past decade—
some of which were quite unexpected—which further reveal the value of widefield, broadband and
multi-timescale studies of AGN at radio wavelengths. Moreover, exploration of the time domain
at other wavelengths is currently undergoing enormous expansion with the advent of telescopes
such as the Vera C. Rubin Observatory in the optical (e.g. Creque-Sarbinowski et al., 2022) and
the Cherenkov Telescope Array Observatory for high energy gamma rays (e.g. Passos Reis et al.,
2025); thus the realisation of the SKA telescopes is very timely with respect to multi-wavelength
and multi-messenger studies of AGN. The present chapter discusses a few recent discoveries of
relevance, and further elucidates what impact the SKA telescopes will have for understanding both
AGN and intervening scattering media.

We attempt to avoid repetition of the discussion already presented in Bignall et al. (2015), and here
we also note several related topics which are covered elsewhere in the present volume.

* The study of radio flares/jet launching associated with Tidal Disruption Events (An et al.,
2026; Shu et al., 2026) is very important for understanding jet formation.

* Multiwavelength and multi-messenger synergies (Castignani et al., 2026; Rosch et al., 2026),
and high angular resolution studies with VLBI (Kadler et al., 2026) are important to under-
stand the high energy emission processes in relativistic jets.

* Inthe present chapter we discuss interstellar scintillation. Itis worth noting that measurements
of interplanetary scintillation (Chhetri et al., 2026) also provide information beyond the
resolution of the SKA telescopes (without VLBI), on the population of sub-arcsecond scale
AGN components.

* Commensal image-plane search methods for detecting and analysing variable and transient
sources are discussed by Andersson et al. (2026).

 Studies of interstellar scattering of pulsars reveal much about the structure of the interven-
ing media (Tiburzi et al., 2026), which is complementary to information from interstellar
scintillation and scattering of AGN.

For a general overview of AGN jet physics, Blandford et al. (2019) recently reviewed the current
understanding of relativistic jets from AGN. Hovatta and Lindfors (2019) reviewed multiwavelength
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observational properties of blazars, which are radio-loud AGN with a jet pointing close to the line-
of-sight, including observations of variability, and how these can be used to constrain theoretical
models. Panessa et al. (2019) discussed the origin of radio emission from radio-quiet AGN, which
represent ~ 90% of the AGN population, and how the next generation radio telescopes, including
the SKA, can probe radio emission from a wide range of possible mechanisms. Observations in the
time domain provide important tests for the various mechanisms for radio emission. More recently,
Murphy and Kaplan (2025) present a broad overview of the dynamic radio sky, including AGN,
and outlook toward future surveys for transient and variable radio sources.

Section 2 below briefly highlights various observational discoveries made in radio time domain
studies of AGN in the past decade; in Section 3 we expand on some of the outstanding questions
which the SKA telescopes will help to answer. In Section 4 we summarise the observational
requirements for addressing the various questions, and present a brief summary and outlook in
Section 5.

2 Some highlights from the past decade in time domain studies of AGN

The SKA pathfinder and precursor telescopes, along with broad-band and/or widefield upgrades to
older telescopes, have enabled a number of exciting discoveries in time domain studies of AGN,
giving us a taste of what will be possible with the greater sensitivity, survey speed and frequency
coverage of the SKA telescopes.

2.1 Intra-hour variability near 1 GHz

For more than 30 years since the discovery of radio intra-day variability (IDV) of AGN (Heeschen
et al., 1987), the largest amplitude IDV was typically observed at frequencies of a few GHz, with
timescales becoming shorter toward higher frequencies (Kedziora-Chudczer et al., 1997, 2001).
This IDV has been shown to be predominantly due to interstellar scintillation (ISS) (Lovell et al.,
2008). Variability at ~ 1 GHz and below is typically slower (days to weeks or longer), due to
refractive scintillation in the strong scattering regime. Previously studied, high flux density AGN
are for the most part too large to exhibit diffractive scintillation, as the variations are averaged out
over the angular diameter of the source (Dennison and Condon, 1981), although Macquart and de
Bruyn (2006) found evidence for a diffractive scintillation contribution to dynamic spectra of the
fast scintillating quasar J1819+3845 around 1.4 GHz (occurring due to a very nearby foreground
scattering screen).

Hence, it was somewhat surprising when Oosterloo et al. (2020) found an AGN showing ~ 50%
variations on a timescale of 6.5 minutes at 1.4 GHz with Apertif. In fact the source was discovered
due to its variability producing prominent artefacts seen in the image integrated over 11 hours. At
around the same time, Wang et al. (2021) made the remarkable discovery with ASKAP (operating
with a 288 MHz bandwidth at a central frequency of 945 MHz) of 5 intra-hour variable AGN lying
along a straight line, inferred to correspond to a narrow plasma filament within ~ 10 pc of the Earth.
In the cases above, follow-up observations revealed clear annual cycles in variability timescale, a
result of the Earth’s orbital motion with respect to the scattering screen. In all cases the scintillation
pattern was determined to be highly anisotropic, which is also inferred from observations of pulsar
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secondary spectra (Walker et al., 2004). The small inferred scattering screen distances relax the
maximum angular size for a source to be sufficiently compact to exhibit scintillation, and give rise
to rapid rates of scintillation, compared with more distant scattering material.

The sensitivity of SKA-Mid will enable nearby scattering screens to be delineated over most of the
sky with high accuracy, and their kinematics to be determined (Section 3.1.1), providing clues to
their origin.

2.2 Identifying Extreme Scattering Events in broadband spectra

Extreme Scattering Events (ESEs) were first detected as large flux density variations with a char-
acteristic lens-like pattern, typically lasting several months in radio light curves of quasars. ESEs
are interpreted as refractive lensing by AU-scale structures in the Galactic interstellar medium
(ISM) (Fiedler et al., 1987). ESEs are highly chromatic, often displaying caustic focusing features
at centimetre wavelengths, and Bannister et al. (2016) exploited the wideband CABB backend at
the Australia Telescope Compact Array to identify ESEs via features in instantaneous spectra, and
subsequently follow them up with dense monitoring every few days to obtain a dynamic spectrum
(the ATESE project). ESEs are relatively rare, with roughly one event in a few hundred highly
compact sources expected in progress at any given time; the project of Bannister et al. monitored
approximately 1000 sources and detected a handful of ESEs over its lifetime. A novel technique
was developed for using the broadband dynamic spectra over the course of the ESE to map the
column density profile of the plasma lens (Tuntsov et al., 2016). The ATESE project also led to
the discovery of unusual spectral features in a scintillating AGN that were not ascribable to an
ESE, but rather to a possible combination of refractive and diffractive effects (Tuntsov et al., 2017).
As the origin of the ESE lenses is not yet known, nor even the event rate accurately determined,
measurement of a larger number of events through monitoring many thousands of compact AGN
would greatly advance this field (Section 3.1.1).

2.3 Symmetric Achromatic Variations

Vedantham et al. (2017) identified symmetric U-shaped features in light curves on year-long
timescales, initially at 15 GHz from the long term OVRO monitoring program. These varia-
tions are reminiscent of ESEs but were found to be achromatic over a large range of frequencies,
which is not consistent with plasma lensing. The authors suggest that gravitational lensing, wherein
compact source components cross the magnification pattern of a gravitational lens at relativistic
speeds, may be responsible for the observed variations. Monitoring a much larger number of AGN
with SKA-Mid would turn up many more examples of this rare phenomenon, allowing models for
its origin to be tested.

2.4 Variability at SKA-Low frequencies

Using two epochs of observations from the GalLactic and Extragalactic All-sky Murchison Widefield
Array (GLEAM) survey that were taken one year apart, Ross et al. (2021) searched for spectral
variability across 100-230 MHz for 21,558 sources, finding 323 sources with significant spectral
variability. Subsequently, 15 low frequency variable peaked-spectrum sources were studied in a
handful of epochs spread over several months, across the range 0.072-10 GHz (Ross et al., 2022). No



Time Domain AGN Hayley Bignall et al.

variability was detected at 1-10 GHz, while the majority of sources exhibited significant variability
at lower frequencies, indicating that the low frequency variability is predominantly due to refractive
ISS of source components ~ 25 mas in extent. The authors argue that broadband spectral variability
can be used to determine the origin of variability; distinguishing among scintillation, variable
absorption, and variations in the jet. The broad bandwidth of the SKA telescopes will thus be
useful to determine the likely origin of observed variability for candidate AGN, even when not well
sampled in the time domain. At SKA-Low frequencies, and the lower bands of SKA-Mid, refractive
interstellar scintillation is expected to be the predominant cause of time domain variability in the
measured flux density of AGN.

2.5 Compact Symmetric Objects

Compact Symmetric Objects (CSOs) are extragalactic objects with regions of emission on both
sides of an active galactic nucleus, are < 1 kpc in total extent, and are not dominated by relativistic
beaming effects. They are characterised by their low variability over timescales of years (Kiehlmann
et al., 2024). Although CSOs have been known for decades, it has been challenging to identify
well-defined samples of CSOs, in part due to the dominance of beamed (blazar-type) objects in flux
density limited surveys of compact sources; yet CSOs are likely very important for understanding
AGN central engines and radio jet formation (Readhead et al., 2024). Kiehlmann et al. (2024b)
demonstrated that the vast majority of CSO 2s (edge-brightened CSOs) are short-lived and do not
evolve into larger radio galaxies. Only relatively bright CSOs have been confirmed and studied
in detail so far, although low-power samples are being investigated (Orienti et al., 2025). Using
their low variability characteristics together with spectral information (peaked-spectrum) may be
an effective way to identify candidate CSOs from compact (on arcsecond-scale) source samples.
In the absence of very high angular resolution (VLBI) observations, interplanetary scintillation
(Chbhetri et al., 2026) and low-frequency refractive ISS (Section 2.4) may provide efficient means
of identifying a large number of CSO candidates from SKA surveys.

2.6 Extreme radio variability in Narrow-Line Seyfert 1 galaxies

Jarveld et al. (2024) report on extreme variability observed at 37 GHz, as large as 3-4 orders of
magnitude on timescales of days, in normally radio-weak narrow-line Seyfert 1 (NLS1) galaxies.
The authors consider a variety of possible mechanisms to explain the variability, determining the
most plausible possibilities to be (1) flaring due to a shock generated by the interaction between a
jet and cloud or star, (2) variable absorption of a jet within the broad-line region, or (3) magnetic
reconnection in the jet or black hole magnetosphere. Observations across SKA-Mid band 5, and
ideally also simultaneously in other parts of the electromagnetic spectrum, would help to determine
the mechanism responsible for the observed extreme radio variability.

3 Outstanding questions for time domain studies of AGN

The discoveries mentioned in Section 2 highlight the value of high sensitivity, broad frequency
coverage and wide field of view for variability studies. In this section we discuss how AGN
variability observed with the SKA telescopes can address a number of outstanding questions.
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3.1 What are the interstellar scattering screens?

ESEs and ISS indicate the presence of small, discrete structures in the ISM. There is still no
conclusive explanation for all of the observed phenomena, but theoretical work in this field is
ongoing; a couple of recent contributions are mentioned below. It is worth noting that radio
observations are the only known method to probe these otherwise unseen, small-scale structures.

Jow et al. (2024), and references therein, outline the current problems for explaining ESEs. The
authors show how ESE features arise when the lens has a cusp-like profile, extending previous work
to show that cusp as well as fold catastrophes can be produced by thin corrugated plasma sheets
viewed in projection. They propose that this framework could provide a universal model for both
ESEs and scintillation.

The long, straight, narrow plasma filament implied by the discovery of a line of fast scintillating
AGN by Wang et al. (2021) (Section 2.1) is reminiscent of tidal stream debris, and prompted
theoretical work by Suvorov and Walker (2025) to model tidal disruption of molecular hydrogen
“snow clouds” by unassociated stars. The authors showed that microstructure in the resulting tidal
streams has properties consistent with those inferred from ISS. If the clouds are unassociated with
the disrupting star, the expected event rate is much too low to explain the prevalence of ISS in
general, however this may be resolved if most snow clouds are loosely gravitationally bound to host
stars.

3.1.1 How SKA-Mid will help

Regarding expectations for the prevalence of ISS and ESEs among lower flux density (< 1 mly)
sources, it is important to note that:

(i) as well as increasing source density with lower limiting flux density, fainter sources can be more
compact for a given brightness temperature than their bright counterparts, hence ISS and ESEs are
more likely to be observed, provided the flux density is dominated by a compact component. For
example, a 1 mJy source with intrinsic brightness temperature 10'! K at 1 GHz would have angular
size ~ 0.1 mas (in the absence of scatter-broadening) and would be likely to scintillate through
a scattering “screen” within 100 pc, being only a few times larger than the Fresnel scale at that
distance. Most lines of sight could be expected to intersect significant scattering material within
100 pc, based on the prevalence of scattering screens inferred from pulsar observations (Reardon
et al., 2025).

(ii) significant numbers of rapidly scintillating AGN are being found behind very nearby (within
~ 10 pc) scattering screens which seem to be clustered over several degrees on the sky (Wang et al.,
2023). Higher sensitivity provides a higher source density to map out these nearby screens and
determine their structure and kinematics, which is expected to provide clues as to their origin.

A wide field of view allows multiple scintillating sources to be observed simultaneously, greatly
increasing observing efficiency. Although screens within 10 pc only cover a small fraction of the sky,
it is anticipated that thousands of rapidly scintillating sources will be found behind such screens with
SKA-Mid. ASKAP is able to detect significant intra-hour variability for source flux densities down
to ~ 1 mJy; SKA-Mid AA4 will go more than an order of magnitude fainter, albeit with a smaller
field of view. An observational strategy to cover a larger sky area efficiently would be to cycle
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frequently among several pointings, sacrificing continuous light curves; variability characteristics
can still be measured with reasonable accuracy. Observations at several epochs over the course of
a year are needed to measure annual cycles in the characteristic rate of ISS; this determines the
geometry (angle and degree anisotropy in the scintillation pattern), and velocity of the scattering
plasma, and constrains the distance to the scattering screen (Wang et al., 2021). Annual cycles
for multiple sources allow the investigation of the scale and coherence of associated, albeit patchy,
scattering structures, in particular locations in the nearby ISM.

ESEs are distinguished from ISS in their characteristics and require different observing strategies,
but it seems likely the small-scale ISM structures responsible for both phenomena are related. Both
phenomena are highly frequency dependent and modelling them accurately requires observations
over a large frequency range. The deployment of band 3 and 4 receivers for SKA-Mid would
be advantageous for the modelling of ESEs in particular, to close the gap in frequency coverage
between 1.76 and 4.6 GHz, as ESEs typically have strong structure in this range. In the absence of
these bands, any or all of bands 2, 5a and 5b could be used to identify ESEs by searching for caustic
features in the broadband spectra, ideally in near real-time to enable follow-up of candidate events
in progress, and/or analysing light curves from regular, relatively shallow monitoring observations
of large sky areas. Once identified, follow-up observations at high angular resolution and at other
wavelengths could be initiated to confirm and study candidate ESEs in detail, including refractive
shifts and/or multiple imaging from VLBI which are needed to determine lens geometries (Bannister
et al., 2016).

It is also worth noting that broad-band observations of ISS, across the range of SKA-Mid, will be
extremely useful to determine the strength of scattering via the frequency dependence, enabling
unambiguous modelling of the nearby scattering screen properties toward each scintillating source
(this was not possible from the ASKAP data alone published by Wang et al. (2021)). Annual cycles
can be measured using a single band, while single-epoch observations in multiple bands, observed
close together in time during a rapid scintillation phase, would suffice to determine the frequency
dependence.

In summary, with SKA-Mid we will be able to determine ESE event rates and lens characteristics,
and trace out regions of enhanced (or reduced) scattering in the ISM, along with their geometry,
microstructure and dynamics, with far greater accuracy than ever before. This will enable detailed
comparisons with expectations of the various models, and help to determine the physical origin
of the scattering screens. We note that at low Galactic latitudes, both ESEs and rapid ISS are
likely to be suppressed on many lines of sight due to scatter-broadening in more distributed plasma
(Koryukova et al., 2022).

3.2 What is the compact AGN contribution to the sub-mJy radio source population?

To date, there is no evidence for a reduction in the fraction of very compact components that can
exhibit variability or scintillation, down to the ml]y source population (Deller and Middelberg,
2014), although around 0.1 mJy, jetted AGN make up a much smaller fraction of the radio source
counts (Padovani, 2016). Statistics of scintillation as a function of flux density for large samples
would provide constraints on the fraction of highly compact radio sources.
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3.2.1 How the SKA telescopes will help

The SKA telescopes will detect many scintillating AGN, both blazars and unbeamed sources—
potentially including faint CSOs and newly formed radio jets. AGN found to be scintillating will
be among the most compact. Thus, studies of ISS with the SKA telescopes will probe parsec- and
sub-parsec scale properties of hundreds of thousands of compact sources, without requiring very
long baseline observations and at even higher resolution than provided by ground-based VLBI.

SKA-Low and SKA-Mid Band 1 would predominantly see refractive scintillation on timescales of
months in sources dominated by milliarcsecond-scale components. Thus, infrequent monitoring,
e.g. several epochs over the course of a year or more, of the observable sky would provide spectral
and flux density variations for millions of sources, allowing an estimate of compact fraction on
milliarcsecond scales. Statistics of ISS at higher frequencies go to even smaller scales (10-100 pas).
As discussed in Chhetri et al. (2026), interplanetary scintillation (IPS) can be used to determine the
compact fraction, albeit with a higher flux density limit, on sub-arcsecond scales, requiring only
short observations because of the sub-second flux variations induced by IPS.

3.3 What are the mechanisms for intrinsic variability in various classes of AGN?

Most long-term variability studies to date have been of relatively bright blazars (e.g. Kramarenko
et al., 2022; Benke et al., 2024; Kankkunen et al., 2025b), and a few nearby radio-quiet quasars
have also been studied in detail (e.g. Reynolds et al., 2020). This has limited our understanding of
the range of AGN variability, lifetimes and processes occurring in relativistic jets.

3.3.1 How the SKA telescopes will help

The SKA telescopes will probe variability down to much lower flux densities, in different populations
of AGN. Only very compact sources exhibit variability on human timescales. Addressing what
drives the radio emission processes in AGN is of great importance to understanding not only the
physical processes within jets, but their role in galaxy evolution via feedback mechanisms. Statistics
of variability (or lack of ) from low to extreme levels can probe compactness and relativistic beaming.
A low level of variability, for example, can be used as a criterion to identify candidate CSOs
(Kiehlmann et al., 2024).

Observations at the high frequency end of SKA-Mid, in Band 5, would be most likely to detect
intrinsic events such as those mentioned in Section 2.6; indeed most intrinsic AGN variability
is expected to be more extreme at higher radio frequencies. Toward lower frequencies, below
~ 10 GHz, flares are often dampened by absorption effects (synchrotron self-absorption, or free-
free absorption), meaning they tend to be slower, peaking at later times and with reduced amplitude.
Identifying flaring behaviour in near real-time could be used to trigger VLBI observations including
SKA-Mid, which would allow discrimination among various models for the ejected plasma (e.g.
Reynolds et al., 2020). The origin of rare phenomena such as Symmetric Achromatic Variations
could also be investigated; finding more examples of such variability is crucial. SKA-Mid could
monitor potentially millions of AGN. There would be trade-offs for total telescope time required
for large area, shallow surveys, vs deeper surveys requiring longer integration times, as well as
observing cadence.
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4 Observational and data requirements

Below we summarise requirements and desired data products from the SKA telescopes for the
various applications discussed in the present chapter.

4.1 Long-term variations (months to years)

Something like the Rapid ASKAP Continuum Survey (McConnell et al., 2020), i.e. a relatively
fast and shallow all-sky survey, repeated on a quasi-regular basis would be extremely valuable for
investigating AGN intrinsic variability (preferably SKA-Mid Band 5) and slow refractive scintilla-
tion (SKA-Low and SKA-Mid Band 1), among many other transient science applications, across
the entire observable sky. Deeper observations with narrower sky coverage would also be valuable
to explore the variability statistics and compactness of the faint (~ 10uJy) source population. Inte-
grated images with wide frequency channels would be sufficient to generate source catalogues for
such variablity studies not requiring particularly high time or frequency resolution.

4.2 Short timescale variations (minutes to hours)

To find and monitor rapid ISS, it would be desirable to produce light curves with a time resolution
of order a minute from longer observations. The power spectra of fluctuations from ISS encode
information on source structure on microarcsecond scales, smaller than resolvable even with VLBI
(Macquart and de Bruyn, 2007). Measuring annual cycles in scintillation rate for rapidly scintillating
sources, to determine the dynamics and anisotropy of scattering with reasonable accuracy, requires
observations of the target fields over several hours at ~ 6 epochs over the course of a year (e.g.
Wang et al., 2021, section 3.1.1).

4.3 Variations on intermediate timescales (days to weeks)

Variability on timescales of days to weeks at GHz frequencies is expected to be dominated by
refractive interstellar scintillation (e.g Lovell et al., 2008); ESEs also show changes on these
timescales. ESE candidates may be identified either through light curve behaviour and/or spectra
showing large deviations from a power law. Ideally, ESEs found to be in progress would be
monitored with a near-daily cadence over a large range of frequencies, to model the plasma density
variations from the dynamic spectrum (Tuntsov et al., 2016) (see Section 4.7).

4.4 Frequency coverage and resolution

Observations at a wide range of frequencies are crucial to discriminate among various models for
essentially all of the areas discussed above in Section 2.

Modest frequency resolution (~ 1% of the sky frequency) is desirable to study diffractive scintillation
and ESE caustics, which are highly frequency dependent.

For detailed modelling of ESEs and ISS, SKA-Mid Bands 3 and 4 would be highly desirable to
close the gap in frequency coverage between 1.76 and 4.6 GHz, as the most extreme variability of
AGN due to interstellar propagation is often seen in this region (Kedziora-Chudczer et al., 2001).

A future upgrade to extend SKA-Mid to 25 GHz, where variations are less suppressed due to optical
depth effects, would be advantageous for studies of AGN intrinsic variability and connections with
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multiwavelength/multi-messenger observations including high energy gamma-ray and neutrino
events.

4.5 Polarization

Hovatta and Lindfors (2019) emphasise the value of full polarization spectra, including sensitive
circular polarization observations, for understanding particle acceleration processes and particle
composition of jets. Polarized components of AGN can be more compact than the total intensity
components, meaning they may also show large and rapid scintillations (Macquart et al., 2000;
Rickett et al., 2002).

4.6 High angular resolution with VLBI

ESEs are expected to produce refractive shifts, image distortion and/or multiple imaging which can
be studied with high angular resolution VLBI observations including SKA-Mid, and potentially
SKA-Low. Such observations are extremely valuable to discriminate among ESE lens models
(Bannister et al., 2016). High angular resolution VLBI observations, particularly at the higher Band
5 frequencies, are also important to understand AGN jet variability in detail (e.g. Reynolds et al.,
2020).

4.7 Dedicated follow-up/monitoring, including with other facilities

As discussed in Bignall et al. (2015), sub-arraying of the SKA telescopes could be used both to
increase frequency coverage and/or sky area at the cost of reduced sensitivity, or potentially allow
dedicated monitoring of selected phenomena of particular interest with a small subset of SKA
antennas/stations.

Although the SKA telescopes, particularly SKA-Mid, will be hugely powerful for AGN variability
studies, delving into flux density regimes and source types never before investigated dynamically,
there remains an important role for less sensitive arrays and single dishes that can perform more
dedicated, targeted monitoring, albeit of a relatively small selection of brighter sources/events
and/or at select frequencies. Subarraying SKA-Mid, or using a different monitoring facility (Fender
et al., 2024), e.g. for sufficiently bright ESEs, may be a practical means of obtaining the desired
dynamic spectra for these events.

The decades-long, dedicated monitoring programs undertaken at facilities such as the University of
Michigan Radio Observatory, Metsdhovi Radio Observatory, and Owens Valley Radio Observatory
are still proving extremely valuable; for example, Readhead et al. (2026) report the discovery of
a fundamental and a harmonic periodicity in the light curve of blazar PKS J1309+1154, making
it a strong supermassive black hole binary candidate likely to be a source of gravitational waves.
Kankkunen et al. (2025a) point out that very long monitoring programs (decades) may be needed
to characterise radio variability for many AGN; this should be taken into account when interpreting
flux density state and variability from limited time sampling.

4.8 Effect of staged delivery of the SKA telescopes

Given the huge number of observable AGN, valuable time domain studies can be undertaken with the
AA* realisation of the SKA telescopes. When the array is enhanced, the fainter source population
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will be probed.

5 Summary

We have outlined how observations of the dynamic radio sky with SKA telescopes will address
some of the outstanding problems across a broad range of topics, from AGN physics to small-scale
phenomena in the Galactic ISM. A large variety of phenomena are observed in time domain studies
of AGN, and there is much remaining to be understood, both for intrinsic mechanisms of variability
as well as variability due to propagation effects. AGN intrinsic variability is key to understanding
the conditions under which relativistic jets form, expand and interact with the surrounding medium
in their host galaxies; while variability due to interstellar scattering reveals ubiquitous, mysterious
small-scale structure which is not yet understood, but which may represent a significant fraction of
baryons in the Galaxy (Suvorov and Walker, 2025, and references therein).
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