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ABSTRACT

Context. The bi-modality in the distribution of galaxies usually obtained from colour-colour or colour-stellar mass (absolute magni-
tude) diagrams has been studied to determine the difference between galaxies in the blue cloud and in the red sequence, as well as to
define the green valley region. As a transition region, green valley galaxies can offer clues about the morphological transformation of
galaxies from late-type to early-type. Therefore, the selection of green valley samples is of fundamental importance.
Aims. In this work, for the first time, we evaluate the selection effects of the most frequently applied green valley selection criteria.
The aim is to understand how these criteria affect the identification of green valley galaxies, their properties, and their impact on
galaxy evolution studies.
Methods. Using the SDSS optical and GALEX ultraviolet data at redshift z < 0.1, we selected the eight most commonly used criteria
based on colours (without and with Gaussian fittings), specific star formation rate, and star formation rate versus stellar mass. We then
studied the properties of the green valley galaxies (e.g. their stellar mass, star formation rate, specific star formation rate, intrinsic
brightness, and morphological and spectroscopic types) for each selection criterion.
Results. We found that when using different criteria, we selected different types of galaxies. UV-optical colour-based criteria tend to
select more massive galaxies, with lower star formation rates and a higher fractions of composite and elliptical galaxies than when
using pure optical colours. Our results also show that the colour-based criteria are the most sensitive to galaxy properties, rapidly
changing the selection of green valley galaxies.
Conclusions. Whenever possible, we suggest avoiding the green valley colour-based selection and using other methods or a combi-
nation of several, such as the star formation rate versus stellar mass or specific star formation rate.

Key words. galaxies: active – galaxies: evolution – galaxies: formation – galaxies: fundamental parameters –
galaxies: star formation – galaxies: statistics

1. Introduction

The distribution of galaxies in colour–stellar mass (M∗), colour–
magnitude, colour–star formation rate (SFR), or SFR–M∗
diagrams show two over-density regions at both low and high
redshift. These over-density regions are called the red sequence
and the blue cloud (e.g. Strateva et al. 2001; Baldry et al. 2004;
Salim et al. 2007; Brammer et al. 2009; Pović et al. 2013;
Lee et al. 2015; Combes 2016; Nogueira-Cavalcante et al. 2018;
Phillipps et al. 2019; Sampaio et al. 2022; Noirot et al. 2022).
In general, the red sequence is mainly populated by quiescent
galaxies with early-type morphologies, but it also contains dusty
star-forming and edge-on spiral galaxies, while the blue cloud
mainly hosts star-forming galaxies rich in gas and dust and with
late-type morphologies, along with a small fraction of early-type
galaxies with recent star formation and/or active galactic nuclei
(e.g. Pović et al. 2013; Tojeiro et al. 2013; Schawinski et al.
2014; Jian et al. 2020; Donevski et al. 2023; Paspaliaris et al.
2023; Le Bail et al. 2024). The green valley, located between the
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red sequence and the blue cloud, is a sparsely populated region
with a significantly smaller number of galaxies, at least in the
UV-optical-NIR surveys (e.g. Salim 2014; Bremer et al. 2018;
Phillipps et al. 2019; Jian et al. 2020; Noirot et al. 2022). It was
suggested that green valley galaxies could represent the transi-
tion population between the blue cloud of star-forming galaxies
and the red sequence of quenched and passive galaxies (e.g.
Martin et al. 2007; Salim et al. 2007; Schiminovich et al. 2007;
Wyder et al. 2007; Pan et al. 2013; Salim 2014; Lee et al. 2015;
Smethurst et al. 2015; Coenda et al. 2018; Angthopo et al.
2019, 2020; de Sá-Freitas et al. 2022; Smith et al. 2022;
Estrada-Carpenter et al. 2023; Mazzilli Ciraulo et al. 2024;
Das & Pandey 2025). In the SFR-M∗ plane, the green valley
can be described as the region located below the main sequence
of star formation (e.g. Noeske et al. 2007; Chang et al. 2015;
Ilbert et al. 2015; Abdurro’uf & Akiyama 2018; Belfiore et al.
2018; Jian et al. 2020; Sampaio et al. 2022; Koprowski et al.
2024).

Green valley galaxies account for approximately 10–20%
of galaxies in all environments (e.g. Schawinski et al. 2014;
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Jian et al. 2020; Das et al. 2021). In most previous studies
at both low and intermediate redshifts (z < 1.5), the green
valley galaxies represent an intermediate population, with their
properties (e.g. luminosity, stellar mass, SFRs, stellar ages,
stellar populations, etc.) ranging between those of red sequence
and blue cloud galaxies (e.g. Salim et al. 2007; Pan et al.
2013; Schawinski et al. 2014; Lee et al. 2015; Smethurst et al.
2015; Trayford et al. 2015; Coenda et al. 2018; Phillipps et al.
2019). They contain intermediate distributions of structural
parameters such as the Sérsic index, concentration parameters,
asymmetry, smoothness, and bulge-to-total flux ratio (e.g.
Schiminovich et al. 2007; Mendez et al. 2011; Mahoro et al.
2019). However, certain inconsistencies have been found in
previous works regarding morphologies of green valley galaxies,
reporting spirals to be between 70–95% and the elliptical galax-
ies to account for 5–30%, depending on the specific study (e.g.
Salim 2014; Bait et al. 2017; Lin et al. 2017; Das et al. 2021;
Aguilar-Argüello et al. 2025). Inconsistencies have also been
found when studying the environments of green valley galaxies,
reporting a range of strong to mild environmental effects, as
well as a lack of dependence on the environment. For example,
some works suggested that stellar mass, SFR, stellar age, the
fraction of AGNs, and the morphology of green valley galaxies
are all unaffected by their environments (e.g. Schawinski et al.
2014; Starkenburg et al. 2019; Jian et al. 2020; Das et al. 2021).
Meanwhile, others found that the properties of green valley
galaxies are environment-dependent (e.g. Coenda et al. 2018).
Regarding the AGN properties, X-ray, and optical studies found
a larger fraction of AGNs in the green valley (up to z < 2),
suggesting that AGN feedback might be important for star
formation quenching in the green valley (e.g. Nandra et al.
2007; Hasinger 2008; Silverman et al. 2008; Pović et al. 2012;
Cimatti et al. 2013; Leslie et al. 2016; Lacerda et al. 2020;
Das et al. 2021). However, when considering FIR emitters in
the green valley, enhanced SFRs have been found in active in
comparison to non-active galaxies, independently of morphol-
ogy, suggesting possible signs of positive AGN feedback (e.g.
Mahoro et al. 2017, 2019, 2022, 2023).

For the morphological transformation of galaxies within
the green valley, different timescales have been proposed,
from short (<1 Gyr) and intermediate (1–2 Gyr) to slow
quenching (>2 Gyr) (e.g. Faber et al. 2007; Balogh et al. 2011;
Schawinski et al. 2014; Lee et al. 2015; Smethurst et al.
2015; Nogueira-Cavalcante et al. 2018; Gu et al. 2018;
Phillipps et al. 2019; Angthopo et al. 2019; Kacprzak et al.
2021; Estrada-Carpenter et al. 2023). In addition, various
studies offered a scenario assuming a distinct evolution of
cosmic gas supply and gas reservoirs, concluding that early-
and late-type galaxies take significantly different evolutionary
paths to and through the green valley. It has been suggested
that early-type galaxies undergo a rapid quenching of star
formation (<250 Myr), passing through the green valley as
quickly as stellar evolution allows. Late-type galaxies, on
the other hand, go through a slow decline in star formation
(>1 Gyr) and a gradual departure from the main sequence (e.g.
Schawinski et al. 2014; Bremer et al. 2018; Kelvin et al. 2018;
Eales et al. 2018; Bryukhareva & Moiseev 2019; Wu et al.
2020; Quilley & de Lapparent 2022). Different processes of
star formation quenching have been suggested to play a role in
the green valley, from inside-out (e.g. Zewdie et al. 2020) to
outside-in (e.g. Starkenburg et al. 2019).

Several selection criteria were previously used to define the
green galaxy, including colour-based methods such as U − V
(e.g. Brammer et al. 2009), U − B (e.g. Mendez et al. 2011;

Mahoro et al. 2017, 2019), NUV − r (e.g. Wyder et al. 2007;
Salim et al. 2007; Salim 2014; Lee et al. 2015; Coenda et al.
2018; de Sá-Freitas et al. 2022; Noirot et al. 2022), g − r (e.g.
Trayford et al. 2015; Walker et al. 2013; Eales et al. 2018), u− r
(e.g. Bremer et al. 2018; Eales et al. 2018; Kelvin et al. 2018;
Ge et al. 2019; Phillipps et al. 2019); SFR-based methods such
as: sSFR (e.g. Schiminovich et al. 2007; Salim et al. 2009;
Salim 2014; Phillipps et al. 2019; Starkenburg et al. 2019),
SFR–M∗ diagram (e.g. Noeske et al. 2007; Chang et al. 2015;
Pandya et al. 2017; Jian et al. 2020; Sampaio et al. 2022), or
Dn4000 index (e.g. Angthopo et al. 2019, 2020); or, in some
cases, hybrid methods, which mix the above properties like
colour-colour diagrams, colour vs. sSFR diagram, etc. (Salim
2014, and references therein). Some other criteria based on
infrared data, full spectral energy distribution (SED) fitting or
star formation quenching indicators have been used in the litera-
ture (e.g, Mahoro et al. 2017; Brownson et al. 2020; Noirot et al.
2022; Mahoro et al. 2023; Villanueva et al. 2024); however,
many of them are extensions or refinements of the other crite-
ria mentioned above (e.g. Mahoro et al. 2017, 2023). As can be
seen, colour criteria have been the most used in previous stud-
ies, mainly by visual selection and, in some cases, by Gaus-
sian fitting of colour distribution. It has been suggested that
NUV − r colour outperforms the u − r and g − r colours in
the selection of green valley galaxies because the black-body
radiation spectra of young stellar populations peak in the NUV,
resulting in a higher dynamic range and hence improved sepa-
ration in the usual colours of red sequence and blue cloud (e.g.
Gu et al. 2018). However, despite the fact that there are numer-
ous criteria, no study has yet examined their selection effects and
tried to understand how and if the inconsistent results obtained
in previous studies (and mentioned above) might be related to
the green valley selection. This work aims to study for the first
time the eight most used green valley selection criteria based on
optical SDSS and UV GALEX data (colour without and with
Gaussian fitting (g − r, NUV − r), sSFR, and SFR-M∗ crite-
ria) to better understand the properties of the selected galaxies
and the impact of tested criteria on the results obtained previ-
ously (e.g. Salim et al. 2009; Walker et al. 2013; Salim 2014;
Trayford et al. 2015; Eales et al. 2018; Sampaio et al. 2022, and
references therein). These eight criteria are considered the most
widely used and to be standard ones, as they appear frequently
in the literature (e.g. Schawinski et al. 2014; Coenda et al. 2018;
Bremer et al. 2018), in particular, in all-sky SDSS-GALEX stud-
ies at low redshift (e.g. Bremer et al. 2018; Turner et al. 2021).
In selecting these eight criteria, we include different green valley
selection methods, as mentioned above (e.g. between the 1D and
2D parameter space).

From now on, the paper is organised as follows: In Section 2,
we present the data used. Section 3 discusses sample selec-
tion and different green valley selection criteria. Section 4 sum-
marises the main analysis and results of this work. In Section 5,
we discuss the implications of our results, while the summary
and conclusions are presented in Section 6. We assume the fol-
lowing cosmological parameters throughout the paper: Ωm = 0.3
and ΩΛ = 0.7, with H0 = 70 km s−1 Mpc−1. The AB system was
used to calculate all the magnitudes in this study.

2. Data

In this work, we used optical and UV data. In the optical, we
used the data from Sloan Digital Sky Survey (SDSS) (York et al.
2000) Data Release 7 (DR7, Abazajian et al. 2009). In particular,

A376, page 2 of 13



Nyiransengiyumva, B., et al.: A&A, 706, A376 (2026)

Table 1. Number of green valley galaxies obtained using eight standard
selection criteria.

Selection criteria Number of sources
(% of the total sample)

C1 (g − r) 78 959 (21%)
C2 (NUV − r) 18 230 (10%)
C3 (SFR-M∗, optical) 54 187 (14%)
C4 (SFR-M∗, UV) 17 871 (10%)
C5 (sSFR, optical) 84 753 (22%)
C6 (sSFR, UV) 30 884 (17%)
C7 (g − r, Gauss) 116 150 (30%)
C8 (NUV − r, Gauss) 55 438 (31%)

we used the MPA-JHU1 catalogue of 927552 sources, with the
available measurements of emission line fluxes, stellar masses,
and SFRs used in Sections 3 and 4. The extracted stellar masses
were measured through a fit to the spectral energy distribu-
tion (SED) by using the SDSS broad-band optical photometry
(Kauffmann et al. 2003). The Hα emission-line luminosity was
used to determine the SFRs for the star-forming galaxies as clas-
sified in the BPT diagram and was corrected for dust extinc-
tion (Brinchmann et al. 2004). For all other galaxies, either AGN
or non-emission-line galaxies, the SFRs were inferred from the
D4000–SFR relation (Brinchmann et al. 2004). For having a com-
plete sample in the SDSS, we selected all galaxies with redshift
z < 0.1 (Netzer 2009). This resulted in a sample of 381798
galaxies, hereafter referred to as the ‘optical sample’.

The UV data were extracted from the GALEX-AIS (GR5)
catalogue of 6.5 million sources down to a magnitude of 19.9
and 20.8 in FUV and NUV, respectively (Martin et al. 2005). We
used in particular the NUV data, centred at 2300 Å. Bianchi et al.
(2014) found that the SDSS data depth matches well the
GALEX-AIS catalogue used in this work. Using a radius of
2 arcsec, we cross-matched the optical and UV catalogues and
obtained a total sample of 179419 galaxies, hereafter referred to
as the ‘UV sample’.

3. Green valley selection criteria

In this work, we analysed and compared, for the first time, the
eight commonly used green valley selection criteria. Using both
optical and UV samples, we selected colour-based methods, such
as g− r and NUV − r, with the green valley selected visually and
by the Gaussian fitting, as well as SFR-based methods, such as
sSFR and SFR-M∗. We selected these eight criteria because they
are standard and have been the most frequently used in previous
works with SDSS and GALEX data in the low-redshift universe
(e.g. Schawinski et al. 2014; Coenda et al. 2018; Bremer et al.
2018; Turner et al. 2021); however, an investigation of their reli-
ability and comparison of the selected galaxies have not been
carried out before. While additional criteria exist in the literature,
their application has been either less common and/or is limited
by incomplete data coverage. The number of green valley galax-
ies selected with each of the tested criteria is given in Table 1.
Detailed information regarding the different selection criteria is
provided in Sections 3.1–3.4 in optically and UV-selected green
valley galaxies.

1 https://wwwmpa.mpa-garching.mpg.de/SDSS/DR7/
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Fig. 1. Distribution of g − r rest-frame colour for the optical sample.
The two black dashed lines define the green valley region, with the red
sequence peak (on the left) and the blue cloud peak (on the right).

3.1. Colour-based methods

3.1.1. g − r criterion (C1)

The first criterion we selected in our analysis is the g − r rest-
frame colour in optical (hereafter, C1; e.g. Trayford et al. 2015;
Walker et al. 2013; Eales et al. 2018). We obtained the rest-
frame colour through the K-corrected magnitudes using TOP-
CAT2 (Taylor 2013, 2017). Overall, 90% of all sources have
g and r magnitude errors below 5%. The distribution of g − r
rest-frame colour for all galaxies selected in optical is shown in
Fig. 1. Taking into account the distribution of all galaxies, we
defined (using purely a visual inspection) the green valley as the
region between the two peaks, corresponding to the blue cloud
and the red sequence, with 0.63<g−r< 0.75. This is indicated in
Fig. 1 with the dashed vertical lines. Using this criterion, 78959
(∼21%) of the 381798 galaxies were selected as part of the green
valley sample.

Our definition C1 of green valley is comparable with previ-
ous studies. For example, Trayford et al. (2015) used the galax-
ies from the EAGLE survey at z < 0.1 and, by using the same
rest-frame colour, they defined the green valley as 0.6<g −
r< 0.75. Belfiore et al. (2018) used the MaNGA sample and sim-
ilarly defined the green valley as 0.61<g−r< 0.71 in the redshift
range of 0.01 < z < 0.15. Walker et al. (2013) used the same cri-
terion, defining the green valley as 0.55<g − r< 0.70, using a
relatively small sample of SDSS galaxies.

The literature emphasises that the green valley is generally
identified as the region between the two peaks (blue cloud and
red sequence) in the colour distribution of galaxies, but the exact
boundaries may vary and are often subjective (e.g. Salim 2014;
Angthopo et al. 2020; Pandey 2024).To clarify, the visual bound-
aries chosen here are based on the balance between: 1) a pure
visual inspection and the balance between the general distribu-
tion of the two peaks in the colour distribution and 2) a compar-
ison with previous works in the literature (particular those con-
sidering the same redshift range for the samples) to ensure that
the boundaries are consistent with previous studies. Since the
main objective of this work is not to study or propose new selec-
tion criteria for green valley galaxies, but to better understand
and compare the selection effects and properties of green val-
ley galaxies previously selected using different (and most com-
monly used) criteria. Although our visually determined green
valley may be subjective, the boundaries are broadly consistent

2 https://www.star.bris.ac.uk/~mbt/topcat/
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Fig. 2. Distribution of the NUV−r colour for the UV sample. The green
valley is defined between the two dashed lines.

with previous studies and, thus, consistent with our main objec-
tive. However, when testing for and avoiding the impact of this
subjectivity, we also aim to test more quantitative criteria using
Gaussian fitting, as described in Section 3.4.

3.1.2. NUV − r criterion (C2)

Colours based on the NUV and optical photometric bands are
commonly used to select the green valley (e.g. Lee et al. 2015;
Coenda et al. 2018; Noirot et al. 2022) and, in particular, the
NUV − r colour, which is a sensitive tracer of recent star for-
mation activity. Using our UV sample, the NUV − r bi-modal
colour distribution is shown in Fig. 2. For the same reasons given
in Section 3.1.1, we defined the green valley visually, between
the peaks of the blue cloud and the red sequence. It is located
between the two vertical dashed lines as a region between the
two peaks defined as 3<NUV − r< 4. Using this criterion, we
obtained 18 230 (∼10%) green valley galaxies (out of a total UV
sample of 179419 galaxies).

Several previous studies have used similar criteria and visual
identification to select the green valley, depending on the red-
shift. Mendez et al. (2011) used a green valley sample selected
from the All-Wavelength Extended Growth Strip International
Survey (AEGIS) at redshift of z < 1.2 using the NUV − r rest-
frame colours and the range of 3.2<NUV−r< 4.1. Salim (2014)
used non-dust-corrected SDSS and GALEX data at z < 0.22 and
the green valley was selected within the range of 4<NUV−r< 5
in the UV-optical rest-frame colour, while Salim et al. (2009)
selected the green valley using the range of 3.5<NUV − r< 4.5
in the rest-frame, non-dust corrected colours at the redshift of
z < 1.4. In addition, Belfiore et al. (2018) used the MaNGA cata-
logue and defined the green valley galaxies using the UV-optical
rest-frame colour and the ranges of 4<NUV − r< 5 at the red-
shift of 0.01< z< 0.15. de Sá-Freitas et al. (2022) used the SDSS
DR12 at the redshift of 0.05≤ z≤ 0.095 and defined the green
valley in the range of 2.8<NUV − r< 3.5.

3.2. SFR-based methods

3.2.1. SFR-M∗ criterion in the optical (C3)

The SFR-M∗ diagram was also commonly used to select the
green valley galaxies, as a region between the star-forming and
passive galaxies without active star formation going on (e.g.
Chang et al. 2015; Curtis-Lake et al. 2021; Kalinova et al. 2021;
Vilella-Rojo et al. 2021). We used the SFR-M∗ diagram as our

Fig. 3. SFR-M∗ diagram for an optical sample of galaxies. The green
valley is defined between the two dashed lines. These lines were deter-
mined by plotting the density contours in the galaxy distribution.

third criterion (hereafter C3) to select the green valley galax-
ies, by plotting the density contours to highlight regions of vary-
ing galaxy concentrations where the over-density contours reveal
two prominent peaks corresponding to the star-forming and qui-
escent populations. The green valley is then defined empirically
where the density contours show a minimum in the number den-
sity, as shown in Fig. 3, and in line with Schawinski et al. (2014).
With this in mind, we selected the green valley region between
the two dashed lines defined as

log SFR [M�/yr] = 0.80 ∗ log (M∗[M�]) − 9.155, (1)
log SFR [M�/yr] = 0.80 ∗ log (M∗[M�]) − 8.599. (2)

between the two clear over-density regions of the blue cloud
(above the selected green valley region) and the red sequence
(below the green valley). Using C3, we selected 54 187
(∼14%) green valley galaxies in optical. Our selection and
Eqs. (1) and (2) correspond to several previous studies, includ-
ing Belfiore et al. (2018), Starkenburg et al. (2019), Jian et al.
(2020), and Sampaio et al. (2022).

3.2.2. SFR-M∗ criterion in UV (C4)

We defined the fourth criterion to our UV sample as SFR-M∗
to determine the green valley region, as shown in Fig. 4. We
followed the same procedure as in Section 3.2.1 and defined
the green valley using the density contours as an area between
the two overpopulated regions of the blue cloud and the red
sequence with a minimum in number density, marked between
the dashed lines using Eqs. (3) and (4) as

log SFR [M�/yr] = 0.75 ∗ log (M∗[M�]) − 8.88, (3)
log SFR [M�/yr] = 0.75 ∗ log (M∗[M�]) − 8.2. (4)

We obtained 17 871 (10%) green valley galaxies in total
using this criterion. Our selection is in line with previous studies
(e.g. Noeske et al. 2007; Lee et al. 2015).

3.3. sSFR-based methods

3.3.1. SFR criterion in optical (C5)

The sSFR was used commonly in previous works to select the
green valley galaxies (e.g. Schiminovich et al. 2007; Salim et al.
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Fig. 4. SFR versus stellar mass for the UV sample. The green valley is
defined between the two dashed lines.
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Fig. 5. sSFR distribution for the optical sample. The green valley lies
between the two vertical dashed lines.

2009; Salim 2014; Phillipps et al. 2019; Starkenburg et al.
2019). The distribution of sSFR for the optical sample is shown
in Fig. 5. In line with the justification given in Section 3.1, the
green valley sample was selected visually between the two peaks
and is represented by the black dashed lines, covering the range
of −11.6< sSFR<−10.6. Using this criterion (hereafter, C5), we
selected a total of 84 753 (∼22%) green valley galaxies.

Our selection is consistent with previous studies based
on sSFR distribution and visual selection. In Salim (2014),
using also the SDSS data at z< 0.22, the green valley was
selected as −11.8< log(sSFR)<−10.8, while the range of
−11.0< log(sSFR)<−10.0 was used in Salim et al. (2009).
Phillipps et al. (2019) used the data from the GAMA sur-
vey at a redshift of 0.1< z< 0.2 and defined the green valley
using sSFR in the range of −11.5< log(sSFR)<−10.6. On the
other hand, using Illustris3 and EAGLE4 simulations at z = 0,
Starkenburg et al. (2019) defined the green valley galaxies using
the sSFR in the range of −13.0< sSFR<−10.5.

3.3.2. sSFR criterion in UV (C6)

The selection of green valley galaxies using the sSFR in UV
is similar to the one in optical described in Section 3.3.1 and
is shown in Fig. 6. Using the same criterion visually identified

3 https://www.illustris-project.org/
4 https://eagle.strw.leidenuniv.nl/
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Fig. 6. Distribution of the sSFR in the UV sample. The green valley is
defined between the two dashed lines.

as in optical, we selected 30884 green valley galaxies (∼17%).
In Salim et al. (2009) and Salim (2014), the authors used the
same selection criteria, suggesting that the green valley selec-
tion using the sSFR does not change significantly independently
of the colour used.

3.4. Gaussian-fitting based methods

3.4.1. Gaussian fitting on g − r colour distribution criterion
(C7)

To avoid visual selection, several previous works used the two
Gaussian functions to simultaneously fit the distributions of the
blue cloud and the red sequence when different colours are used,
as well as to define the galaxies in the green valley between the
two Gaussian peaks (e.g. Baldry et al. 2004; Wyder et al. 2007;
Mendez et al. 2011; Krause et al. 2013; Parente et al. 2025). In
this work, to compare visually and not-visually selected green
valley galaxies in the colour-based methods, we performed an
additional analysis for the g − r criterion by simultaneously fit-
ting the bi-modal distribution with two Gaussian components
via a simple least-squares fitting. After obtaining the best-fit
parameters, we de-blended the Gaussian components to obtain
the two individual Gaussians corresponding to the blue cloud
and red sequence. This approach is similar to the criterion used
by Parente et al. (2025) when fitting u− r optical colours, where
they defined the green valley to be in the region within µB + σB
to µR − σR (subscripts B and R refer to the blue cloud and
red sequence, respectively), where µ and σ represent the mean
and standard deviation, respectively, of each Gaussian fit. How-
ever, among other conditions, their definition of the green val-
ley requires that µR − σR ≥ xBR and µB + σB ≤ xBR, where
xBR is the intersection of the two Gaussian components. This
method uses Gaussian fits to the observed colour distribution
(i.e. a statistical approach to modeling the underlying popula-
tions) and the means and standard deviations are derived from
the data, while the intersection is mathematically determined.
Since using a single mean and standard deviation was not prop-
erly selecting the green valley among our sample, we modi-
fied and redefined the green valley as the region falling within
1
2
[
(µR + µB) + (σB + σR)

]
and 1

2
[
(µR + µB) − (σB + σR)

]
, using

the average values of µ and σ of the two Gaussian fits instead
of using a single mean and standard deviation. Figure 7 shows
the double-component Gaussian fit (black solid line), the indi-
vidual components for the blue cloud (blue dashed line), and the
red sequence (red dashed line). The vertical black dashed lines
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Fig. 7. g − r colour and simultaneous double Gaussian fit criterion. The
black solid line represents the best fit. The blue and red dashed Gaus-
sians show individual components which correspond to the blue cloud
and the red sequence, respectively. The green valley region is shown
between the two dashed black vertical lines.

Fig. 8. Distribution of the NUV − r colour and Gaussian fittings of the
blue cloud (blue dashed line) and the red sequence (red dashed line).
The green valley is defined between the two black dashed vertical lines.

define the green valley region in g − r colour between the values
of 0.6–0.77, similarly to what we report in Section 3.1.1. Fol-
lowing this criterion, we selected 116 150 (∼30%) green valley
galaxies.

3.4.2. Gaussian fitting on NUV − r colour distribution
criterion (C8)

Similarly to what we describe in Section 3.4.1, to avoid the sub-
jectivity associated with visually identified green valley galax-
ies, we performed a Gaussian fit to the NUV − r colour dis-
tribution. We defined the green valley region by fitting the bi-
modal distribution simultaneously with two Gaussian compo-
nents, as described in Section 3.4.1. Figure 8 shows the double-
component fit (black solid line) and the individual components
of the blue cloud (blue dashed line) and the red sequence (red
dashed line). The green valley region is defined between the
two vertical black dashed lines covering the range of values in
the NUV − r colour of 1.5–3.4. This resulted in a sample of
55 438 (∼31%) green valley galaxies.
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Fig. 9. Comparison of stellar mass for optically (top panel) and UV-
selected (bottom panel) green valley galaxies using colour (C1 (g − r)
and C2 (NUV − r), blue dashed histograms), SFR-M∗ (C3 and C4,
red solid histograms, sSFR (C5 and C6, green dotted histograms), and
colour with Gaussian fit (C7 (g−r) and C8 (NUV−r), black dot-dashed
histograms)) criteria. The vertical dashed lines in both panels represent
the median values of each criterion applied.

4. Data analysis and results

In this section, we present some of the key properties of green
valley galaxies when selected using the eight different crite-
ria described in Sections 3.1–3.4, including the stellar mass,
SFRs, sSFRs, intrinsic brightness, morphology, and spectro-
scopic types of galaxies. We also discuss the possible impact
of extinction on our results.

4.1. Stellar mass

The stellar mass distribution of all optically (top panel) and UV-
selected (bottom panel) green valley galaxies is shown in Fig. 9.
The median values (vertical lines in both figures) of log (M∗)
are 10.31, 10.43, 10.45, 10.31, [M�] for optically selected green
valley galaxies using criteria C1, C3, C5, and C7, respectively,
along with 10.57, 10.53, 10.52, 10.36 [M�] in the UV using
criteria C2, C4, C6, and C8, respectively. The Q1–Q35 values
for all criteria are given in Table 2. As can be seen in Fig. 9,
the stellar mass distributions in optical are similar for C1 and
C7, being lower than in C3 and C5. Similar is the case in UV,
with now slightly lower masses obtained for C8 than for C2,
C4, and C6. In general, the differences in both the optical and
UV between the four selection criteria are, on average, of an
order of up to log (M∗) =± 0.14 [M�] in the optical and of up to
log (M∗) =± 0.2 [M�] in UV (between C8 and other three UV
criteria). On the other hand, when comparing colour (without
and with Gaussian fit), sSFR, and SFR-M∗ criteria between opti-
cal and UV in Fig. 9 and statistics given in Table 2, it can be
seen that the UV green valley criteria tend to select slightly more
massive galaxies. The difference is most significant in the colour
criterion case (without the Gaussian fitting) compared to other
criteria. For this criterion, in the optical, 50% of the sources
occupy the log M∗ range of 10.07–10.51 [M�] with a mean of
10.31 [M�], compared to 50% of the galaxies in the green valley
in UV, which lie between 10.28–10.83 [M�] and have a mean of

5 The first quartile (Q1) and third quartile (Q3) give 25% and 75% of
data points, respectively.
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Table 2. log (M∗) statistics in units of [M�] in the eight green valley
criteria.

Selection criteria Q1 Median Q3

C1 (g − r) 10.07 10.31 10.51
C2 (NUV − r) 10.28 10.57 10.83
C3 (SFR-M∗, optical) 10.08 10.43 10.72
C4 (SFR-M∗, UV) 10.19 10.53 10.82
C5(sSFR, optical) 10.17 10.45 10.72
C6 (sSFR, UV) 10.22 10.52 10.78
C7 (g − r, Gauss) 10.06 10.31 10.52
C8 (NUV − r, Gauss) 10.06 10.36 10.65

10.57 [M�]. These differences become less significant in the case
of other three criteria, as can be seen in Fig. 9 and Table 2. An
analysis of the two-sample Kolmogorov-Smirnov (KS) test for
the stellar masses of different optically and UV-selected samples
indicates that, in all cases, the two samples do not come from
the same parent distribution (p-value < 0.05). The difference is
more pronounced for the colour criterion (without Gaussian fit-
ting) compared to the other criteria, where the D-parameter6 is
29%, compared to 11%, 6.5%, and 9.2% for criteria C7 versus
C8, C5 versus C6, and C3 versus C4, respectively.

4.2. Star formation rates

Figure 10 shows the distribution of the SFRs of all green val-
ley samples and their corresponding median values. As in the
previous section, when comparing the four criteria in the opti-
cal, we find that C1 and C7 show similar distributions, with
larger SFRs than C3 and C5 (see Table 3). On the other hand,
for the UV sample, C8 shows a different distribution, with
higher SFRs than C2, C4, and C6. As in the case of the stellar
mass, the colour criteria without Gaussian fit show the largest
difference between the optically selected and the UV-selected
green valley galaxies. When using the C1 criterion, the galax-
ies show a median log (SFR) of −0.13 [M� yr−1], where 50% of
the sources lie between −0.83 - 0.26 [M� yr−1], compared to the
C2 criterion where green valley galaxies display lower values
of log (SFR) with 50% of galaxies being in the range of −1.07 –
(−0.15) [M� yr−1] with a median of −0.69 [M� yr−1]. Differences
are less significant for the other three criteria, as can be seen in
Table 3. The two distributions are again the most similar when
sSFR criteria are used. As is the case with stellar mass, the two-
sample KS test showed that the two samples, optical, and UV,
do not come from the same parent distribution (p-value < 0.05)
in the case of all criteria, with the more pronounced difference
seen in terms of the colour criteria (without Gaussian fitting) of
D = 27%.

4.3. Specific SFRs

We tested the log (sSFR) of selected green valley samples by
analysing the distribution of every sample and measuring their
statistics. Fig. 11 shows the distribution of sSFR in optical (top
panel) and UV (bottom panel) samples, along with their corre-
sponding medians. The medians of log (sSFR) in our samples
are −10.39, −10.92, −11.12, and −10.40 [yr−1] for the green val-

6 In the KS test, D is the maximum vertical distance between the two
comparable distributions. It can take values between 0 (no difference)
and 1 (100% difference).
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Fig. 10. Same as Fig. 9, but for SFR.

Table 3. log (SFR) statistics in units of [M� yr−1] in the eight green
valley criteria.

Selection criteria Q1 Median Q3

C1 (g − r) −0.83 −0.13 0.26
C2 (NUV − r) −1.07 −0.69 −0.15
C3 (SFR-M∗, optical) −0.78 −0.49 −0.24
C4 (SFR-M∗, UV) −0.92 −0.64 −0.40
C5 (sSFR, optical) −1.09 −0.70 −0.32
C6 (sSFR, UV) −0.97 −0.57 −0.23
C7 (g − r, Gauss) −0.91 −0.18 0.24
C8 (NUV − r, Gauss) −0.49 −0.03 0.32

ley selected in the optical using the C1, C3, C5, and C7 crite-
ria, respectively, and −11.22, −11.18, −11.00, and −10.32 [yr−1]
for the green valley selected in UV using C2, C4, C6, and C8
criteria, respectively. When comparing the four criteria in the
selected optical and UV samples, we found similar trends as in
the case of stellar mass and SFRs, with C1 and C7 having simi-
lar distributions, compared to C3 and C5 in the optical, and with
the largest differences between C8 and the other three criteria
in the UV. When comparing the same criteria between the opti-
cal and UV samples, the difference is again the most significant
for the colour criteria without Gaussian fitting, with the median
of −10.39 (and Q1–Q3 range of −10.96 – −10.14) for C1 and
−11.22 (Q1–Q3 range of −11.74 – −10.67) for C2. These differ-
ences are less significant in the case of the other three criteria,
as can be seen in Table 4. The results from the two-sample KS
test revealed that in all cases, when comparing the same criteria
in the optical and UV, the two samples do not come from the
same parent distribution (p-value < 0.05), with the colour crite-
rion (no Gaussian fit) again showing the largest difference, with
D = 40%, compared to other criteria where D is lower (12%,
10%, 32% for C7 versus C8, C5 versus C6, and C3 versus C4,
respectively).

4.4. Absolute magnitude, Mr

We analysed the absolute magnitude in the r band (Mr) to com-
pare the intrinsic brightness of the optical and UV samples. The
median values of Mr are −19.64, −19.75, −19.77, and −19.63
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Fig. 11. Same as Fig. 9, but for sSFR.

Table 4. log (sSFR) statistics in units of [yr−1] in the eight green valley
criteria.

Selection criteria Q1 Median Q3

C1 (g − r) −10.96 −10.39 −10.14
C2 (NUV − r) −11.74 −11.22 −10.67
C3 (SFR-M∗, optical) −11.14 −10.92 −10.71
C4 (SFR-M∗, UV) −11.38 −11.18 −10.98
C5 (sSFR, optical) −11.37 −11.12 −10.84
C6 (sSFR, UV) −11.29 −11.00 −10.77
C7 (g − r, Gauss) −11.10 −10.40 −10.12
C8 (NUV − r, Gauss) −10.78 −10.32 −9.9

for the optical sample using C1, C3, C5, and C7 criteria, respec-
tively, and −20.12, −19.99, −19.80, and −19.85 for the C2, C4,
C6, and C8 criteria, respectively, in the UV. Fig. 12 represents the
distribution of absolute magnitude in the r band (Mr) obtained in
all green valley selected optical (top) and UV (bottom) samples.
The main statistics of all distributions are provided in Table 5.
We observe that green valley galaxies selected in the UV are
intrinsically slightly brighter than galaxies selected using optical
criteria. Similar as in the above cases, the KS test showed that
the two samples are not from the same parent distribution (all
p-values are <0.05). As is the case with the previously discussed
parameters, the difference is more pronounced in colour criteria
without any Gaussian fitting (D = 23%) compared to other cri-
teria where D is 10%, 2%, and 9% for colour with Gaussian fit,
sSFR, and SFR versus M∗, respectively.

4.5. Morphological types

Morphology is a powerful indicator of a galaxy’s dynamical and
merger history, playing a crucial role in understanding the evo-
lutionary pathways of green valley galaxies. It is strongly cor-
related with many physical parameters, including mass, star for-
mation, and star formation history (e.g. Schawinski et al. 2014;
Pović et al. 2012; Smith et al. 2022; Estrada-Carpenter et al.
2023). In this section, we analyse the morphological classifica-
tion of all green valley galaxies selected using different criteria.

We used the visual morphological classification from the
Galaxy Zoo citizen science project Lintott et al. (2008, 2011)
where galaxies were classified as: spiral, elliptical, and uncertain
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Fig. 12. Same as Fig. 9, but for the absolute magnitude in the r band.

Table 5. Mr statistics in the eight green valley criteria.

Selection criteria Q1 Median Q3

C1 (g − r) −20.16 −19.64 −18.94
C2 (NUV − r) −20.58 −20.12 −19.52
C3 (SFR-M∗, optical) −20.34 −19.75 −18.81
C4 (SFR-M∗, UV) −20.52 −19.99 −19.16
C5 (sSFR, optical) −20.33 −19.77 −18.92
C6 (sSFR, UV) −20.38 −19.80 −18.88
C7 (g − r, Gauss) −20.17 −19.63 −18.92
C8 (NUV − r, Gauss) −20.34 −19.85 −19.21

based on their structure. The ‘uncertain’ classification includes
galaxy mergers and interactions, edge-on galaxies, peculiar
galaxies, and unknown morphologies. Galaxies categorised as
‘elliptical’ or ‘spiral’ require that 80% of Galaxy Zoo users to
have classified it in that category, after the debiasing technique
was carried out. All remaining galaxies are then categorised as
uncertain (the CLEAN technique; Land et al. 2008). After cross-
matching the Galaxy Zoo catalogue with our catalogues of green
valley optical and UV samples, we obtained the morphological
classifications for each criterion, shown in Fig. 13. Table 6 shows
the statistics in % of all morphological types, where the percent-
ages in column 2 were obtained by comparing the number of
galaxies after cross-matching with Galaxy Zoo and the number
of galaxies in the original green valley samples.

As can be seen in both Fig. 13 and Table 6, we detected, in
all criteria, more spiral galaxies than than elliptical ones in the
green valley. This is not surprising since most of the previous
morphological studies (at both low and intermediate redshifts)
confirmed that the population of late-type galaxies is higher than
that of early-types (see e.g. Nair & Abraham 2010; Pović et al.
2013). On the other hand, the system of classification, together
with the quality of SDSS images, is responsible for an exces-
sive number of uncertain sources. When comparing the fractions
of elliptical and spiral galaxies in the optical and UV samples,
the only significant difference is between the two colour crite-
ria without Gaussian fitting (C1 versus C2), where we selected
more spiral galaxies (41% vs. 24%, respectively) than elliptical
(3% versus 14%, respectively) in the optical and UV, as seen in
Table 6.
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Fig. 13. Comparison of morphological classification of green valley
samples for every criterion ranging from C1, C3, C5, and C7 for opti-
cally selected sample (top panel) and C2, C4, C6, and C8 for UV-
selected sample (bottom panel). The morphological types are from the
Galaxy Zoo survey. The blue solid line, red dotted line, and the black
dash-dotted line represent spiral, elliptical, and uncertain (unclassified)
galaxies, respectively.

Table 6. Morphological classification using Galaxy Zoo (Lintott et al.
2008, 2011) where Sp is for spiral, Ell is for elliptical, and Unc is for
uncertain.

Criteria Parent Sp Ell Unc

C1 (g − r) 70 948 (90%) 41% 3% 56%
C2 (NUV − r) 17 719 (97%) 24% 14% 62%
C3 (SFR-M∗, optical) 49 034 (90%) 40% 4% 56%
C4 (SFR-M∗, UV) 17 299 (96.8%) 33% 8% 59%
C5 (sSFR, optical) 72 148 (85%) 34% 6% 60%
C6 (sSFR, UV) 27 353 (88.5%) 38% 7% 55%
C7 (g − r, Gauss) 10 4275 (89.7%) 40% 3% 57%
C8 (NUV − r, Gauss) 51 796 (93.5%) 33% 7% 60%

4.6. Spectroscopic types

We analysed the selection of different spectroscopic types in
the green valley when using different criteria in the optical and
the UV. Using the BPT diagram (log ([O iii] λ5007/Hβ) versus
log ([N ii]/Hα)) defined in Baldwin et al. (1981), we were able to
classify the galaxies in our samples into star-forming, compos-
ite galaxies, Seyfert 2, and LINERs. We selected sources with a
signal-to-noise ratio of S/N> 3 in all four lines ([O iii] λ5007,
Hβ, Hα, and [N ii] λ6584). We used the following refer-
ences to previous works to separate the different classes:
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Fig. 14. Distribution of spectroscopic types for green valley galax-
ies selected using different optical (top) and UV (bottom) criteria. We
present the star-forming galaxies (blue solid line), composite galaxies
(green dotted line), Seyfert 2 (red dash-dotted line), and LINERs (black
dashed line).

Kauffmann et al. (2003) to separate star-forming and composite
galaxies; Kewley et al. (2001) to separate composite and AGN
galaxies; and Schawinski et al. (2007) to separate Seyfert 2 and
LINERs. In Table 7 we present the statistics for our spectro-
scopic classification, where the percentages in column 2 were
calculated by comparing the number of sources obtained after
considering the S/N> 3 in all four lines with the number of orig-
inal green valley samples. In Fig. 14, we give a comparison of the
optically (top panel) and UV-selected (bottom panel) samples.

Most of the galaxies in the green valley are classified as star-
forming or composite in the case of most criteria. When com-
paring the optical and the UV criteria, the main difference is
between C1 and C2, colour criteria without Gaussian fitting, with
star-forming galaxies being the most selected in the C1 criterion
and composite galaxies in the C2 criterion. For the colour criteria
with Gaussian fit (C7 and C8), star-forming galaxies are domi-
nant in both criteria without significant difference, as can be seen
in Table 7.

4.7. Effect of extinction on the green valley selection

The selection of the green valley using the colour criteria may be
affected by dust extinction. Since the previously defined colour
selection criteria (C1, C2, C7, and C8) did not consider any
dust extinction, we studied its possible effect in this section.
One of the most reliable techniques to estimate dust extinction is
through the Hα/Hβ flux ratio (i.e. the Balmer decrement), which
has been commonly used, in particular in the local Universe
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Table 7. Spectroscopic classification of the green valley selected sam-
ples into star-forming galaxies (SF), composites (Com), Seyfert 2 (Sey),
and LINERs.

Criteria Parent SF Com Sey LINERs

C1(g − r) 50 483 (64%) 66% 25.2% 5.3% 3.6%
C2 (NUV − r) 11 459 (63%) 21% 43.5% 10.0% 25.5%
C3 (SFR-M∗, optical) 31 157 (57%) 30% 49.3% 8.9% 11%
C4 (SFR-M∗, UV) 10 458 (59%) 15% 50.4% 11% 24%
C5 (sSFR, optical) 47 830 (56%) 24% 45.5% 9.7% 20%
C6 (sSFR, UV) 22 033 (71%) 26% 44.8% 9.3% 19.5%
C7 (g − r, Gauss) 72 578 (62%) 67% 24% 5% 4%
C8 (NUV − r, Gauss) 46 300 (84%) 61% 26% 4.5% 7.5%

(Domínguez et al. 2013). We define the dust extinction from the
Balmer decrements following the steps described in Pović et al.
(2016).

In Fig. 15, we show the C1 (top) and C2 (bottom) criteria
before (in red) and after (in blue) applying the dust extinction
correction. As can be seen, the two distributions are significantly
different, both in the overall distribution and in the number of
sources in the green valley. In particular, the number of sources is
significantly different, and many sources are lost after applying
the extinction correction because either Hα, Hβ, or both lines
are not strong and/or not present in the SDSS galaxy spectra.
Elliptical galaxies are more affected by the extinction correction
than spirals, as they do not have strong emission lines (i.e. after
correcting for extinction, we tend to lose more elliptical galaxies
than spiral galaxies). This affects the bi-modal distribution of
galaxies, as seen in Figure 15, and the definition of the green
valley for the extinction-corrected samples as well.

Using the same green valley galaxy selection criteria as used
in Sections 3.1.1 and 3.1.2, we find that the extinction correc-
tion is affecting the green valley selection, as mentioned above.
Using the Mg- Mr criterion, we selected 28 696 galaxies in the
green valley (7.8%), compared to 74 663 (20%) galaxies that
were in the green valley before the extinction correction. There
are 1649 (0.5%) galaxies that were in the green valley before and
remained in after correcting for extinction. Using the MNUV- Mr
criterion, we went on to obtain 7546 galaxies in the green valley
(4%), compared to 18 230 (10%) galaxies that were in the green
valley before correcting for extinction. We have 1146 (0.65%)
galaxies that were selected as green valley galaxies before and
remained in the green valley after the extinction correction.

5. Discussion

Our results show that the selection of green valley using differ-
ent criteria in optically and UV-selected samples introduces dif-
ferences in the number of selected sources and their properties
in terms of stellar mass, SFRs, sSFRs, intrinsic brightness, and
the morphological and spectroscopic types. In all cases, using
the KS test, we find that the optical and UV samples have differ-
ent properties. The largest difference in properties is associated
with the colour criteria, in particular, without applying Gaussian
fittings; whereas the criteria based on the sSFR, and SFR versus
M∗ display smaller variations in the properties of the optical and
UV samples. Therefore, we recommend the use of the sSFR or
the SFR versus M∗ criteria for the selection of the green valley. If
these parameters are not available and colours are used instead,
we recommend selecting the green valley using Gaussian fittings
of the bi-modal galaxy distribution, rather than a visually deter-
mined green valley to avoid subjectivity.

Fig. 15. Mg-Mr (top panel) and MNUV-Mr (bottom panel) colour distri-
butions before (red histograms) and after (blue semi-filled histograms)
the extinction correction. The green valley region defined in Sec-
tions 3.1.1 and 3.1.2 is represented by two vertical black-dashed lines.

Overall, the fraction of green valley galaxies obtained in this
work using the colour (without Gaussian fittings), sSFR, and
SFR versus M∗ criteria in the case of optical and UV samples is
in line with previous results suggesting that green valley galax-
ies account for approximately 10–20% of galaxies in all envi-
ronments (e.g. Schawinski et al. 2014; Jian et al. 2020; Das et al.
2021). However, using the colour criteria with Gaussian fittings
leads to a higher fraction of green valley galaxies of ∼30% in the
case of both optical and UV samples, as can be seen in Table 1.
The selection of the green valley by the Gaussian fitting can
also change when considering different ranges of absolute mag-
nitudes (or stellar masses), as shown in previous studies (e.g.
Wyder et al. 2007; Jin et al. 2014).

The stellar mass shows a slight difference between the opti-
cally and UV-selected green valley galaxies, with the UV sample
having, on average, more massive galaxies compared to the opti-
cal samples using the same criteria, along with a slightly higher
fraction of elliptical galaxies (see Table 6). This is consistent
with the findings of Sobral et al. (2018), who suggested that the
most massive O and B stars with lifetimes of a few Myr gen-
erate continuous UV radiation, and with the results of Sawicki
(2012), who found a linear correlation between the stellar mass
of galaxies and their UV luminosity. According to these studies,
the most massive galaxies, being the main contributors to the
aforementioned massive stars, could exhibit a high UV luminos-
ity. In addition, the selection of more massive galaxies in the UV
than in the optical also leads to the selection of more galaxies
that are intrinsically brighter, as discussed in Section 4.4.
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Our analysis was extended by classifying green valley sam-
ples morphologically and spectroscopically. The morphologi-
cal classification based on the Galaxy Zoo (Lintott et al. 2008,
2011) shows that spiral galaxies are more dominant than ellip-
tical galaxies in all green valley-selected samples, regardless
of whether optically or UV-selected data were used. This is in
line with previous green valley studies, which reported a higher
fraction of spiral galaxies than ellipticals (e.g. see Das et al.
2021, and references therein). It is also in line with previ-
ous suggestions that elliptical and spiral galaxies have signif-
icantly different evolutionary paths to and through the green
valley, with elliptical galaxies transiting faster through the
green valley than spirals, leading to a larger fraction of spi-
ral galaxies (e.g. Schawinski et al. 2014; Bremer et al. 2018;
Bryukhareva & Moiseev 2019; Quilley & de Lapparent 2022).
However, previous studies also show inconsistencies, as well
as a broad range in the number of spiral and elliptical galax-
ies in the green valley, reporting spirals to be between 70–95%
and the elliptical galaxies to account for 5–30%, depending on
the study (e.g. Salim 2014; Bait et al. 2017; Lin et al. 2017;
Das et al. 2021; Aguilar-Argüello et al. 2025). From our anal-
ysis, we can see that these inconsistencies in fractions among
different studies can be explained by the use of either optical or
UV-selected samples and different green valley criteria. As can
be seen in Table 6, depending on the criterion, we selected 3–6%
(34–41%) and 7–14% (24–38%) of elliptical (spiral) galaxies in
the optical and UV, respectively, when considering the total sam-
ple, with many galaxies remaining unclassified in the Galaxy
Zoo. However, if considering all classified galaxies, the above
fractions become 7–15% (85–93%) and 16–37% (63–84%) of
elliptical (spiral) galaxies in the optical and UV, respectively.

We found a range of different distributions in the SFRs (and,
thus, in the sSFRs as well) depending on the optical or UV
samples and the criteria used, as discussed in Sections 4.2 and
4.3. This can be explained by the selection of different frac-
tions of elliptical and spiral galaxies, depending on the crite-
ria as shown above, but also by different fractions of spectro-
scopic types selected by each criterion. In particular, the selec-
tion of star-forming galaxies being dominant in C1, C7, and C8
(above 60% in all cases), over the selection of composite galax-
ies being dominant in C3 and C5 in optical, and C2, C4, and
C6 in the UV, with 40–50%. The fraction of Seyfert 2 galax-
ies, ∼4–10% is the lowest for almost all criteria, followed by
LINERs from ∼4–25% depending on the criterion. This could
explain again the diversity of previous findings regarding the
star formation properties of galaxies in the green valley (e.g.
Schiminovich et al. 2007; Damen et al. 2009; Pan et al. 2013;
Schawinski et al. 2014; Chang et al. 2015; Coenda et al. 2018;
Guo et al. 2021; Quilley & de Lapparent 2022), suggesting dif-
ferent scenarios from slow quenching, extended quenching due
to mergers and star formation, up to fast quenching due to star-
bursts, with and without significant impact of AGN feedback on
star formation (e.g. Zewdie et al. 2020; Kalinova et al. 2021).

In addition to the 1D and 2D colour-based and SFR-based
methods discussed here, some studies have applied hybrid meth-
ods to select the green valley, suggesting that they could be
more refined to identify green valley galaxies (e.g. Salim 2014).
This includes combining colour-based and/or SFR-based meth-
ods, such as colour-colour (e.g. NUV−r vs. g−r) or colour-sSFR
(e.g. NUV − r vs. sSFR) diagrams. The underlying idea is that
these hybrid methods can help to disentangle the effects of dust
attenuation and young and old stellar populations, thereby reduc-
ing misclassifications due to dust reddening. However, these
approaches require high-quality and well-calibrated photomet-

Fig. 16. Colour-colour criterion, with the possibility of green valley
selection using either the g − r (green dot-dashed lines) or the NUV − r
(black dashed lines) colours.

Fig. 17. NUV − r vs. sSFR relation, with the green valley selected with
either the sSFR criterion (green dash-dotted lines), NUV − r criterion
(black dashed lines), or mixed criteria (blue solid lines).

ric data to minimise uncertainties and ensure robust results (e.g.
Salim 2014; Pandey 2024) and, in addition, might decrease the
number of sources in the sample and introduce more complexity
in the selection of the green valley. As an example, we show in
Figs. 16 and 17, the NUV − r versus g − r and NUV − r versus
sSFR diagrams, respectively, for our sample. The lines drawn in
the two figures show different possibilities of selecting the green
valley according to the two galaxy over-densities and, thus, the
complexity of the two plots. Given all of the above, most pre-
vious studies have typically defined the green valley using a
single criterion, either colour-based or SFR-based, rather than
combining several diagnostics, which can lead to inconsisten-
cies between studies (e.g. Salim 2014; Pandey 2024). Therefore,
in this work, we only considered the C1-C8 criteria, which are
standard and the most used in previous works. The analysis of
other criteria could be the subject of future work.

Overall, our results suggest that the green valley is not
a single population but a diverse class of galaxies at dif-
ferent evolutionary stages, depending on the selection cri-
terion used. This is in line with some of the previous
studies (e.g. Schawinski et al. 2014; Smethurst et al. 2015;
Bremer et al. 2018; Nogueira-Cavalcante et al. 2018; Das et al.
2021; Lin et al. 2022; Smith et al. 2022; Lin et al. 2024;
Das & Pandey 2025). To obtain a comprehensive view of the
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green valley galaxy evolution, both optical and UV selection
methods should be combined, enabling the study of the full spec-
trum of quenching processes.

6. Conclusions

In this work, we compare, for the first time, the eight most com-
monly used green valley selection criteria and analysed the prop-
erties of the selected galaxies, as well as how they might affect
the results reported in previous studies. To our knowledge, this
is the first study of its kind and the most detailed, which should
benefit future studies on green valley galaxies and their selection.
We used the SDSS optical and GALEX UV data at z < 0.1 to
analyse the properties of galaxies in different green valley sam-
ples selected based on optical and NUV colours (without and
with Gaussian fittings), sSFR, and SFR versus M∗ criteria. We
analysed the properties of selected galaxies from one criterion to
another. The main findings are that green valley galaxies selected
using different criteria in optical and UV may present differ-
ent types of galaxies in terms of their M∗, SFR, sSFR, intrinsic
brightness, morphology, and spectroscopic type. Therefore, this
should be taken into account in all green valley studies that nor-
mally use only a single selection criterion when interpreting the
results obtained. Our main results are as follows:

– The stellar mass of the green valley galaxies is slightly higher
and the galaxies are intrinsically brighter when selected in
the UV than in optical. They show very different SFRs and
sSFRs depending on the criteria used.

– In general, independently of optical and UV data, spirals
are more dominant than elliptical galaxies in the green val-
ley. However, the fraction of spiral and elliptical galaxies
changes in optical (85–93% and 7–15%, respectively) and
UV (63–84% and 16–37%, respectively), depending on the
applied criterion.

– Different criteria in the optical and the UV have tendencies of
selecting either more star-forming or more composite galax-
ies, followed by LINERs and, finally, Seyfert 2 galaxies.

– The dust extinction can significantly affect the green valley
selection based on colours in both the optical and UV, in par-
ticular, due to the loss of galaxies with fully absent or weak
emission lines.

– The criteria of the green valley selection based on the g − r
colours in the optical and NUV − r in the UV are the most
sensitive to the galaxy properties. We found other sample
selection criteria based on sSFR and the SFR versus M∗ to be
more stable and more likely to be recommended given their
ease of use. If the colour criteria are to be used, we recom-
mend selecting the green valley through the Gaussian fitting
of the bi-modal distribution of galaxies, rather than visually
selecting the green valley, to avoid subjectivity.

Finally, our results suggest that the green valley is not a single
population, but a diverse class of galaxies at different evolution-
ary stages, depending on the sample and the selection criterion
used. To obtain a complete view of galaxy evolution through the
green valley, both optical and UV selection methods should be
combined, allowing the study of the full spectrum of quenching
processes.
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