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ABSTRACT
We compare the two largest galaxy morphology catalogues, which separate early and
late type galaxies at intermediate redshift. The two catalogues were both built by ap-
plying supervised deep learning (convolutional neural networks) to the Dark Energy
Survey data down to a faint magnitude limit of ∼21 mag. The methodologies used
for the construction of the catalogues include differences, such as the cutout sizes, the
labels used for training, and the input to the CNN - monochromatic images versus
3-band normalized images. In addition, one catalogue is trained using bright galaxies
observed with DES (i < 18), while the other is trained with bright galaxies (r < 17.5)
and ‘emulated’ galaxies up to r-band magnitude 22.5. Despite the different approaches,
the agreement between the two catalogues is excellent up to i < 19, demonstrating
that CNN predictions are reliable for samples at least one magnitude fainter than
the training sample limit. It also shows that morphological classifications based on
monochromatic images are comparable to those based on gri-band images, at least
in the bright regime. At fainter magnitudes, at i > 19, the overall agreement is good
(∼95%), but is mostly driven by the large spiral fraction in the two catalogues. In
contrast, the agreement within the elliptical population is not as good, especially at
faint magnitudes. By studying the mismatched cases we are able to identify lenticular
galaxies (at least up to i < 19), which are difficult to distinguish using standard clas-
sification approaches. The synergy of both catalogues provides an unique opportunity
to select a population of unusual galaxies.
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1 INTRODUCTION1

Galaxy morphology describes the visual features of a galaxy2

and the structure of its light distribution. Both of these prop-3
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erties are strongly connected with its formation history (e.g.,4

Holmberg 1958; Dressler 1980). In addition, galaxy mor-5

phologies are intimately related to their stellar populations,6

likewise for galaxy stellar masses, star formation rates, ages,7

and metallicities (e.g., Conselice 2006; Pozzetti et al. 2010;8

Wuyts et al. 2011; Huertas-Company et al. 2016). Therefore,9

obtaining a large number of galaxies with robust morpholog-10

ical classifications is of great importance for understanding11

galaxy evolutionary history and stages.12

Traditionally, the morphological classification of galax-13

ies has been based on visual inspection (de Vaucouleurs14

1959, 1964; Sandage 1961; Fukugita et al. 2007; Nair & Abra-15

ham 2010; Baillard et al. 2011). However, during the past16

decades, there was a significant increase in the sizes of galaxy17

datasets, from the Hubble Space Telescope, or the Sloan18

Digital Sky Survey, to current surveys such as Dark Energy19

Survey which includes hundreds of millions of galaxies (DES20

Collaboration 2005; DES Collaboration et al. 2016, here-21

after, DES). The number of observed galaxies will increase22

even more with the advent of future surveys such as the23

Euclid Space Telescope (Laureijs et al. 2011) and the Vera24

Rubin Observatory Legacy Survey of Space and Time (Ivezić25

et al. 2019), making it impossible to visually classify such ex-26

tremely large datasets, even with Citizen Science tools such27

as Galaxy Zoo (Lintott et al. 2008, 2011; Willett et al. 2013).28

Thankfully, we can now utilise machine learning techniques,29

which have been applied to a variety of astronomical studies30

with great success since the 1990s: e.g., star-galaxy sepa-31

ration (Odewahn et al. 1992; Weir et al. 1995; Soumagnac32

et al. 2015), photo-z estimation (Collister & Lahav 2004;33

Alarcon et al. 2021; Soo et al. 2021; Schuldt et al. 2021),34

galaxy structural measurements (Tohill et al. 2021), strong35

lensing identification (Jacobs et al. 2017; Petrillo et al. 2017;36

Lanusse et al. 2018; Cheng et al. 2020b), finding galaxy37

mergers (Bottrell et al. 2019; Ferreira et al. 2020), and galaxy38

classification (Lahav et al. 1995; Banerji et al. 2010; Huertas-39

Company et al. 2018; Domı́nguez Sánchez et al. 2018; Siudek40

et al. 2018a,b; Walmsley et al. 2020; Cheng et al. 2020a;41

Hausen & Robertson 2020; Ghosh et al. 2020; Cheng et al.42

2021a; Turner et al. 2021; Gupta et al. 2022).43

The main advantages of machine learning techniques,44

and in particular, of CNN algorithms, compared to light-45

profile parametric fitting (e.g., Tarsitano et al. 2018; Everett46

et al. 2022) are the computation time, orders of magnitude47

faster once the modes have been trained, and the lack of48

a model assumption to describe the light profile (of partic-49

ular importance for asymmetric galaxies, which are more50

frequent at higher redshift).51

Machine learning techniques are applied to astronom-52

ical studies using a diversity of approaches, but there are53

not many comparisons of these different techniques to assess54

their successes and failures. In this work, we compare the re-55

sults of the two morphological catalogues presented in Vega-56

Ferrero et al. (2021, hereafter V21) and Cheng et al. (2021b,57

hereafter C21), constructed by applying convolutional neu-58

ral networks (CNN) to the DES data. The differences be-59

tween the two approaches provide an excellent opportunity60

to assess, with great statistics, the impact of different deep61

learning methodologies (e.g., different: training labels, depth62

of the training sample, the inclusion of ‘emulated’ images63

in the training sample, etc.). The catalogues are the two64

largest morphological classification catalogues to date in-65

cluding ∼ 27 million (V21) and ∼ 21 (C21) million galaxies,66

respectively. The overlapping sample includes over 17 million67

galaxies. This comparison not only potentially further vali-68

dates the classification of the two catalogues, but also pro-69

vides a detailed analysis of different approaches within CNN70

galaxy morphology studies. Additionally, by combining the71

two catalogs one can get more than 30 million galaxies with72

morphological classification.73

Since both catalogues have their own related papers, in74

this work we focus on their comparison. The arrangement75

of this paper is as follows. In Section 2, we discuss the dif-76

ferences between the two catalogues in sample selection and77

methodology. We then present a statistical comparison of78

the two catalogues in Section 3. We discuss the agreement79

and disagreement between the two catalogues in Section 4.80

This part of the discussion is divided into bright and faint81

galaxies and a detailed analysis of the mismatched cases. Fi-82

nally, a comparison of the physical properties and structural83

measurements of the two classes reported by each catalogue84

is discussed in Section 5. We summarise our results in Sec-85

tion 6.86

2 DATA & CATALOGUES87

In this work, we compare the two largest galaxy morpho-88

logical classification catalogues to date: Vega-Ferrero et al.89

(2021, V21), which contains ∼27 million galaxies with r-90

band magnitude brighter than 21.5, and Cheng et al. (2021b,91

C21), which includes ∼21 million galaxies with an i-band92

magnitude range 16 ≤ i < 21 and at redshift z < 1. Both93

catalogues are built by analyzing DES data, which is a wide-94

field optical imaging survey covering 5000 square degrees95

(∼1/8 sky; Neilsen et al. 2019). The coadd images have a96

spatial resolution of 0.263 arcsec per pixel and were taken97

by the Dark Energy Camera (Flaugher et al. 2015), which98

has a high quantum efficiency in the red wavebands (> 90%99

from ∼650 to ∼900 nm), and includes ∼ 300 million galax-100

ies with a mean median depth of g = 24.33, r = 24.08,101

i = 23.44 at a single-to-noise ratio S/N=10 (Abbott et al.102

2018). The imaging data used in both works is DES Year 3103

(Y3) data, but with different selection criteria for the initial104

samples (see Section 2.1) from the DES Y3 GOLD catalogue105

(Sevilla-Noarbe et al. 2021).106

If not specified, physical properties of galaxies, such107

as apparent magnitude, redshift, colour, etc, shown in this108

work are from the DES Y3 GOLD catalogue. Additional109

stellar mass information is obtained by running the LeP-110

hare code (Arnouts & Ilbert 2011) using Bruzual & Char-111

lot (2003) templates, three different metallicities (including112

solar), Chabrier Initial Mass Function (IMF), and exponen-113

tially declining star formation histories (similar to Palmese114

et al. 2020)1.115

Another catalogue built by Tarsitano et al. (2018, here-116

after, T18) provides structural measurements, such as Sérsic117

index, ellipticity, etc. While writing this manuscript, a new118

parametric light-profile fitting model for DES Y3 GOLD was119

released (Everett et al. 2022) which could serve as an addi-120

tional comparison to the predictions of the CNN. However,121

1 This unpublished catalogue is built by A. Palmese
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Comparison of CNN Classifications 3

Figure 1. The magnitudes and redshift distributions of C21 (blue filled histogram), V21 (light yellow filled histogram), and different sub-

sets of them presented by different lines. The overlapped area is represented as the mix of blue and yellow, i.e. slightly darker blue/green.

For lines, the solid black lines show the intersection of both catalogues. The blue dashed lines and the yellow dashed lines are for samples
only in C21 (C\V) and only in V21 (V\C), respectively. The vertical lines indicate the upper limit of magnitudes in the training samples

such that the blue solid line is for the one of C21 (i < 18), the yellow dotted line shows the upper magnitude limit of the initial bright

galaxies used in V21 (r < 17.7), and the yellow solid line represents the one of the final training samples in V21 including emulated faint
galaxies (r < 22.5).

there are some assumptions in the derivation of those param-122

eters2 which may need further examination. Therefore, in123

this work we limit the comparison of structural parameters124

with those from T18. In Section 4.2, we also use the mea-125

surements from the VIMOS Public Extragalactic Redshift126

Survey (VIPERS; Moutard et al. 2016a,b; Krywult et al.127

2017; Scodeggio et al. 2018; Siudek et al. 2018b) to check128

the robustness of the morphological classifications.129

2.1 Data Selection130

Different selection criteria for constructing the morpholog-131

ically classified samples were applied in V21 and C21. The132

first significant difference is that different filters were used133

for the upper limit of the samples’ brightness: V21 imposed134

r < 21.5 while in C21 the selection was 16 ≤ i < 21. Fig. 1135

shows the magnitude and redshift distribution of the two136

catalogues. The observed magnitudes are from the DES Y3137

GOLD catalogue, measured in an elliptical aperture shaped138

by the Kron radius in the i-band and the r-band. The pho-139

tometric redshifts are obtained by the Directional Neigh-140

bourhood Fitting (DNF) algorithm (De Vicente et al. 2016).141

Galaxies in C21 with an i-band magnitude brighter than 18142

contribute 3.5% to the total sample. In V21, by including143

‘emulated’ faint galaxies (see (3) of Section 2.2), the mag-144

nitude limit of their training samples is r < 22.5, covering145

the full magnitude range of the two catalogues. Fig. 1 shows146

that the use of different filters for selecting the initial sam-147

ples results in ∼ 3 million and ∼ 2 million unique galaxies148

in V21 and C21, respectively (i.e., included in V21 and not149

2 For example, DeVauculers profile, a prior of 0.0 at the faint end
for the FRACDEV parameter, etc.

in C21, and vice-versa). Additionally, C21 applied a redshift150

cut at z < 1, because their classifier, which is trained with151

bright galaxies at low redshift, has difficulty discriminating152

two morphology types at z ≥ 1 (see C21 Section 5.3). This153

difference results in ∼43,000 galaxies included in V21 but154

not in C21.155

Second, the two works applied several flags from the156

DES Y3 GOLD catalogues, which were not identical. For ex-157

ample, EXTENDED_CLASS_COADD distinguishes point-like ob-158

jects and extended objects. V21 selected a sample with EX-159

TENDED_CLASS_COADD > 1 including medium and high con-160

fidence galaxies, while in C21, only high confidence galax-161

ies were chosen (EXTENDED_CLASS_COADD = 3). The different162

criteria in several flags result in significantly more initial163

samples (∼6 million) in V21 than C21.164

Finally, a cut in half-light radius (> 2.8 pixels) was165

applied in V21 to avoid giving a morphological classification166

to galaxies with not enough spatial resolution. This removes167

∼ 1.36 million galaxies from V21 which are included in C21168

(corresponding to ∼6% of the total samples from C21.)169

Overall, the different selection criteria applied results in170

an overlap of ∼17 million galaxies, and ∼ 9 million and ∼171

3 million unique galaxies in V21 and C21, respectively. The172

union of the two catalogues increases the total number of173

morphological classifications to ∼30 million galaxies.174

2.2 Methodology175

Apart from the sample selection and the CNN architectures,176

there are also significant differences in the methodology, in-177

cluding: (1) cutout sizes; (2) training labels; (3) brightness178

of the training sample; (4) the input to the CNN.179

(1) Cutout sizes: V21 applied variable cutout sizes which180

MNRAS 000, 1–17 (2022)
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are ∼11.4 times the half-light radius centred on the tar-181

get galaxy. Then, the images are re-sampled (down or up-182

sampled, depending on the size of the resulting cutout) into183

a size of 64×64×3 (where the 3 last channels correspond to184

the g, r and i bands). On the other hand, C21 measure the185

size of a galaxy using their own algorithm. Galaxies with a186

size smaller than or equal to 30×30 pixels, a direct cutout187

with a size of 50×50 pixels is made. For larger galaxies, a188

cutout of size 200×200 pixels is made and then re-sampled189

into a size of 50×50 pixels.190

(2) Training labels: Since there were no morphological191

classifications for DES galaxies with which to train the deep192

learning models, both studies use the morphological classi-193

fications from Sloan Digital Sky Survey (SDSS) imaging. In194

particular, V21 used the T-Types presented in Domı́nguez195

Sánchez et al. (2018, hereafter, DS18), which are based on196

a deep learning model trained on the T-Types3 provided by197

the visual classification of Nair & Abraham (2010). The V21198

training sample was labeled as early-type galaxies (ETG; for199

galaxies with T-Type< −0.5) or late-type galaxies (LTG;200

for galaxies with T-Type> 0.5). Galaxies with intermediate201

T-Types (−0.5 <T-Type< 0.5), where the scatter in the T-202

Type is large, were excluded from the training sample. This203

methodology helped the models to converge by removing204

galaxies with uncertain classifications. Note that by doing205

so, potential lenticular galaxies are excluded in the training206

samples. On the other hand, C21 used the classifications of207

spiral and elliptical galaxies from Galaxy Zoo 1 catalogue208

(GZ1; Lintott et al. 2008, 2011), and therefore C21 sepa-209

rates elliptical (Es) from spiral galaxies (Sp). A correction210

in the GZ1 visual classifications was applied due to the bet-211

ter resolution and deeper images of the DES data compared212

to SDSS (Cheng et al. 2020a, also see Fischer et al. 2019;213

Domı́nguez Sánchez et al. 2022). This correction provides214

more accurate morphology labels for ∼ 2.5% of the train-215

ing set used in C21, and excludes ∼ 0.56% of galaxies that216

are ambiguous for binary classifications. After this, the ma-217

chine classifier in C21 is more sensitive to disk structures and218

proves to correctly identify disky galaxies with rounder and219

blurred features at faint magnitudes, which humans often220

incorrectly classify as elliptical galaxies (see the comparison221

with visual classification in Section 5.2 of C21). Note that,222

after this labelling correction, the Sp class in C21 includes223

galaxies with disk structures such as lenticular galaxies.224

(3) Brightness of the training sample: Both papers use225

as the basis of their training sample bright SDSS galaxies226

(r < 17.7 in V21 and i < 18 in C21) with previous morpho-227

logical classifications. While C21 only used the DES i-band228

images of bright galaxies as training sample, V21 ‘emulated’229

images at higher redshift. They included these faint galaxies230

in their training sample keeping their original morphologi-231

cal labels, i.e., without changing their ‘ground truth’ despite232

their final appearance. Details on the emulation procedure233

are described in section 2.3 of V21, but in short, the original234

DES galaxy images were deconvolved by the PSF, flux and235

size corrections due to cosmological dimming were applied,236

as well as adding K-correction and evolutionary effects. Fi-237

nally, noise was added and the images were re-convolved238

3 T-Types is a visual classification scheme that uses continuous

value to categorise galaxy morphology.

Figure 2. Distributions of mean/median probabilities of being Sp

(C21; p(Sp)) or LTG (V21; MP LTG= median(Pi), where Pi is

defined in Section 2.3). The light yellow and blue histograms rep-
resent all the galaxies in V21 and C21, respectively, while the

dashed lines show the galaxies included in only one of the two
catalogues (light yellow for V21 and blue for C21). The y-axis is

truncated at different scales for optimal visualization.

with their PSF. In V21 the models were tested on the ‘em-239

ulated’ images (for which true labels were available) with240

an excellent performance (accuracy ∼ 97% up to r < 21.5241

mag), demonstrating that their CNN was able to predict cor-242

rect morphological labels and detect features hidden to the243

human eye. Additional checks on the morphological classifi-244

cation of real DES faint galaxies were done, using available245

data that correlates, to some degree, with morphology (see246

Section 5 in V21 and Section 4.2 in this work.)247

(4) Input to the CNN: V21 used g, r, i band images (af-248

ter normalising each band individually for each galaxy, to249

prevent the leak of colour information) while C21 used only250

i-band images, but combined linear, logarithmic, and gra-251

dient images. This means that the V21 machine focuses on252

different structures that are shown in different wavelengths,253

while the C21 machine considers different structures empha-254

sised in different scales, but uses a single band image.255

2.3 Classification Definition256

Binary classification models return a probability value of257

belonging to a particular class. In order to assign a class,258

a probability threshold must be defined. Each catalogue259

has its own recommended thresholds to determine morphol-260

ogy classes, which is referred to as ‘certain’ classification261

throughout the paper. C21 provides the mean value of the262

predicted probabilities from five individual models. For each263

galaxy, an output probability of being an elliptical, p(Es),264

and a spiral, p(Sp), is assigned by the C21 machine (with265

p(Es) + p(Sp) = 1). C21 uses a threshold of 0.8 (P ≥0.8) to266

determine if a galaxy is classified as Es or Sp4. In Fig. 2 we267

show the mean probability distributions of being Sp, p(Sp),268

for the C21 sample. Note that the galaxies in C21 that are269

4 C21 also defined a confidence level scheme for users who need
a further refinement to the classifications that have similar prop-
erties in Sérsic index and g − i colour to the one of the training
samples. Note that the classifications provided by C21 have dis-
tinguishable Sérsic index distribution with and without applying

the confidence level scheme.
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Number V21 C21b C∩V C\V V\C C∪V

Total 26,971,945 21,119,107 17,821,250 3,297,857 9,150,695 30,269,802

Sp/LTG 19,789,809 (0.73) 17,532,564 (0.83) 11,830,693 (0.66) 2,938,910 (0.89) 7,100,049 (0.78) 21,869,652 (0.72)
Es/ETG 2,332,097 (0.086) 1,309,229 (0.062) 689,332 (0.039) 35,999 (0.011) 649,727 (0.071) 1,375,058 (0.045)

Uncertain 4,850,039 (0.18)a 2,277,314 (0.11) 5,301,225 (0.30)c

Table 1. Number of total galaxies and certain morphological classes in each catalogue (as defined in Section 2.3). Fractions are given in

brackets. The ‘C∩V’ reports the number of galaxies in the intersection of the two catalogues, ‘C\V’ reports the galaxies included in C21
only, while ‘V\C’ shows the opposite case. Finally, ‘C∪V’ represents the union of the two catalogues. In this case, the row of ‘Sp/LTG’

shows the sum of Sp, LTG, and Sp & LTG while the row of ‘Es/ETG’ is the sum of Es, ETG, and Es & ETG.
a This number includes secure intermediate classification from V21. By excluding them, the number of galaxies with uncertain classifications is 3,637,301

(0.13).
b When selecting samples with a confidence level > 2 in C21 (see Section 5.3 of C21), there are 13,312,568 galaxies (0.63 of the total number of galaxies).

Within these selected samples, 10,259,513 (0.77 of the total selected samples) galaxies are Sp and 1,197,604 (0.090) galaxies are Es.
c Galaxies in this set are not assigned a certain classification in any of the catalogues.

Figure 3. Fraction of Es/ETG (red), Sp/LTG (blue) and galaxies with uncertain classifications (grey) with respect to the total in r and

i-band magnitude bins for the V21 (left) and C21 (right) catalogues. The grey dotted line in the left panel (V21) are uncertain galaxies
excluding ‘secure intermediate’ classification (see Section 2.3 for the definition of each class).
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Figure 4. Fraction of morphological classes as a function of redshift for the V21 (left) and the C21 (right) catalogues. Es/ETG (red) are

compared with the galaxies classified as ETG in COSMOS (orange) and Sp/LTG (blue) are compared to galaxies classified as Spirals
and Irregulars in COSMOS (cyan). For the V21 sample the results are shown for the full (solid lines) and the secure (dashed lines)

samples (defined in Section 2.3). COSMOS galaxies are selected in a similar way as the corresponding morphological catalogue: 6 909
galaxies have r < 21.5 mag and Re > 2.8 pixels when compared to V21, and 10 350 galaxies have i < 21.5 mag and no cut in radius when

compared to C21. Vertical error bars are computed assuming Poisson error (i.e., considering that the error in the number of galaxies is√
N).
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not in V21 (labelled as C\V) have an asymmetrical proba-270

bility distribution for systems being spiral. This sub-sample271

has a significant fraction of galaxies with a r-band radius272

≤ 2.8 pixels (∼ 40% samples of C\V).273

On the other hand, V21 defined ‘robust’ classifications274

for ETG and LTG when max (Pi) < 0.3 and min (Pi) > 0.7,275

respectively, where Pi represents the probability obtained276

from the 5 k-folded models. In addition, galaxies are classi-277

fied as ‘secure’ when the difference between the maximum278

and minimum values of the predicted probabilities from the279

five individual models is smaller than 0.3, i.e. △P < 0.3. By280

definition, a ‘robust’ classification is a ‘secure’ classification;281

galaxies without a robust classification but which satisfies282

the secure classification criterion are defined as a ‘secure in-283

termediate’ in V21.284

For simplicity, throughout the paper, we focus only on285

the ‘robust’ classifications for V21. For C21, we use clas-286

sifications based on the probability thresholds mentioned287

above, i.e. P ≥0.8. These classifications are referred to as288

‘certain’ type in the discussion. The rest of the galaxies, not289

in this selection, are categorised as ‘uncertain’ type in this290

paper5. Hereafter, to distinguish the results from the two291

catalogues, we will refer to Sp/Es for C21 classifications and292

to ETG/LTG for V21 ones.293

3 STATISTICAL COMPARISON294

In Table 1 we report the number of each morphological type295

in each catalogue and their different combinations. Due to296

the different selection criteria used to construct the cata-297

logue samples (Section 2.1), C21 and V21 only partially298

overlap (C∩V/C∪V=∼ 0.59). The fraction of Sp/LTG is299

much larger than the Es/ETG in both catalogues (73% and300

83% for V21 and C21, respectively).301

Fig. 3 shows the fraction of each morphological class in302

magnitude bins (both versus r-band and i-band magnitudes303

due to the different sample selection). The two catalogues304

are dominated by disk-like galaxies (i.e., Sp/LTG) at fainter305

magnitudes. Faint observed galaxies in our sample can be306

either low mass systems or at high redshift, more likely con-307

sistent with the Sp/LTG or peculiar galaxies, which are are308

likely to be classified as Sp/LTG in binary classifications,309

based on past studies (e.g., Butcher & Oemler 1984; Dressler310

et al. 1994; Barnes & Hernquist 1996; Martel et al. 1998;311

Conselice et al. 2005; Conselice 2014, etc).312

However, there is a clear difference between the two cat-313

alogs at bright magnitudes: in V21, the sample is dominated314

by ETG up to r ∼ 17, where the trend reverses at fainter315

magnitudes. On the other hand, the C21 sample is domi-316

nated by Sp at all magnitude bins, and this fraction keeps317

increasing with magnitude, reaching 94% at i ∼ 20.5.318

To shed more light on this difference, we compare the319

results with previous work. In particular, we use the morpho-320

logical classifications of the COSMOS sample based on sup-321

port vector machine (SVM) derived by Huertas-Company322

et al. (2008) and presented in Tasca et al. (2009). This323

SVM method classifies the COSMOS galaxies into three324

5 Note that the ‘secure intermediate’ galaxies from V21 are not

discussed in this paper.

classes: Early Type, Spirals and Irregulars. For comparison,325

we group the galaxies classified as Spirals and Irregulars as326

LTG. In order to limit the selection effects in the compar-327

ison, we report the fractions for COSMOS galaxies with a328

DES counterpart and use the magnitude and radius mea-329

surements from DES. Figure 4 shows the comparison of the330

fraction of ETG/LTG according to V21 (left) and Es/Sp331

according to C21 (right), as a function of redshift, with the332

ones from the COSMOS sample. The number of COSMOS333

galaxies that satisfy the V21 criteria (e.g., magnitude and334

radius limits) is 6 909. When only the magnitude limit is im-335

posed as in C21, the number of COSMOS galaxies increases336

to 10 350. The fraction of LTG for V21 and COSMOS are337

very consistent in the full redshift range, while the fraction338

of ETG is somewhat smaller for V21, especially at interme-339

diate redshifts (z ∼ 0.5). On the other hand, the fraction of340

Sp from C21 is above that from COSMOS (and the opposite341

for the Es), especially at higher redshift (z > 0.3). We note342

however that the area covered by COSMOS is very small (2343

deg2) compared to the DES one (5 000 deg2) and thus the344

results could be severely affected by cosmic variance. In ad-345

dition, the morphological classification from COSMOS may346

suffer from their own uncertainties.347

In any case, it is evident that there is an overabun-348

dance of Sp (reported by C21) compared to LTG (reported349

by V21). One possibility is that the C21 model, which was350

trained with bright galaxies only, is confusing noise with fea-351

tures in the faint and blurred images and therefore is over-352

predicting the number of Sp. More investigation is carried353

out in Section 4.1.2, Section 4.1.3, and Section 4.2.354

4 MORPHOLOGIES AGREEMENT & DISAGREEMENT355

In this section we study the agreement between the morpho-356

logical classification presented in the two catalogues. To be357

able to compare them one-to-one, we restrict the analysis to358

the intersection of the two catalogues (17,821,250 galaxies;359

C∩V in Table 1). We define the agreement as the fraction360

of matched classifications (i.e. Es & ETG or Sp & LTG)361

from the total number of galaxies with a certain classifica-362

tion (Section 2.3). The result is shown in Fig. 5 as a function363

of imagnitude (used here for convenience since C21 has both364

lower and upper limits in i-band magnitude). The overall365

agreement is very good, larger than 92% in all magnitude366

ranges.367

However, while the agreement at bright magnitudes is368

due both to Es/ETG and Sp/LTG (contributing roughly369

equally to the overall agreement at 16 < i < 17), at fainter370

magnitudes, the agreement is largely driven by the high371

number of Sp/LTG: in the last magnitude bin, i=[20,21),372

only ∼0.1% of the galaxies with consistent morphological373

type between the two catalogues are classified as Es/ETG.374

To further investigate the agreement of each morphol-375

ogy class, we show in Fig. 6 the confusion matrices in 4376

magnitude bins. There is an excellent agreement between377

both morphology classes up to i ≤ 19. Assuming that the378

V21 classification is correct6, this indicates that the CNN379

6 The V21 catalogue performance is discussed in detail when ap-

plied to the emulated galaxies, but also with real faint DES galax-
ies in section 5 of V21
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Comparison of CNN Classifications 7

Figure 5. Agreement of certain types (Section 2.3) within differ-

ent magnitude bins in i-band. Grey bars show the percentage
agreement of all galaxies with certain classifications. Solid lines

represent the fraction of galaxies with matched classifications be-

tween the two catalogues from intersection samples. Blue colour
shows the match of Sp & LTG while red colour is for Es & ETG.

On the contrary, dashed lines and cross points are the fraction of
galaxies with mismatched classifications. Blue colour shows the

fraction of galaxies that are Sp in C21 but ETG in V21 while red

colour present the fraction of ones with a class of Es in C21 and
LTG in V21.

predictions of C21 are reliable for samples at least one mag-380

nitude fainter than the training sample.381

However, at i > 19 the agreement vanishes, mostly due382

to an increasing number of Sp galaxies identified by the383

C21 catalogue (also see Fig. 3 and 4). Fig. 5 shows that384

at i=[16,17), about 46% of the galaxies classified as ETG385

by V21 and Es by C21, the percentage significantly drops to386

∼ 25% at i=[18,19), and at i=[20,21) the fraction is almost387

negligible (0.1%). On the other hand, most of the galaxies388

classified as LTG in V21 are also classified as Sp by C21.389

The differences in the classification of the faint end390

galaxies are probably due to the different training strate-391

gies: recall that the C21 machine is trained with the im-392

ages of bright galaxies (16 ≤ i < 18) while V21 included393

emulated faint DES galaxies up to 22.5 mag in the train-394

ing sample. In addition, it could also be impacted by the395

different morphological labels used for training in the two396

works. Unfortunately, the absence of ‘ground truth’ for the397

faint DES galaxies prevents us from claiming which are the398

‘right’ or ‘wrong’ classifications. In the next sections 4.1.3,399

4.2.1, and 5 we investigate in detail the properties of the400

galaxies with mismatched classifications to shed some light401

on their nature and their true morphological class.402

4.1 Bright Galaxies403

The previous section suggests that the comparison of the404

morphological classifications for the bright and faint galax-405

ies is very different, and so we divide the discussion in the406

two regimes. In this section, we validate the classifications407

of bright galaxies (16 ≤ i < 18) taking advantage of the408

available labels. We compare the classifications with the la-409

bels used for training each of the data sets (i.e., GZ1, Sec-410

tion 4.1.1; and DS18, Section 4.1.2) and we discuss the na-411

ture of the mismatched cases in Section 4.1.3.412

4.1.1 Compared with GZ1 labels413

First, we compare the classifications of the bright galaxies414

(16 ≤ i < 18) with the labels from Galaxy Zoo 1, used415

for training C21 models. Both catalogues show an excel-416

lent agreement with the GZ1 labels, with less than 3% of417

misclassifications. Interestingly, the dominant mismatches of418

each catalogue are different. In C21, the main mismatch oc-419

curs for galaxies classified as Sp in C21 but labelled as Es420

in GZ1. C21 and Cheng et al. (2020a) discussed that DES421

imaging data has better resolution and imaging depth than422

SDSS revealing structures such as spiral arms which are not423

clearly visible in SDSS imaging data, which could explain424

the disagreement in the classifications. Randomly selected425

examples of this case are shown in Fig. A1. These galaxies426

are visually disky and/or spiral galaxies, indicating that C21427

classifies these galaxies correctly.428

On the other hand, the ∼2% of the misclassifications429

in V21 correspond to galaxies classified as ETG in V21 but430

labelled as Sp by GZ1. This mismatch is mostly due to lentic-431

ular or edge-on galaxies 7. Randomly selected examples of432

this case are shown in Fig. A2433

4.1.2 Compared with DS18434

Next, we compare both catalogues with the labels from DS18435

in Fig. 7. V21 reaches an accuracy of 0.95 while C21 has an436

accuracy of 0.85, with the main source of mismatches be-437

ing galaxies classified as Sp in C21 but labeled as ETG (T-438

Type≤0) in DS18. We check whether this mismatch is dom-439

inated by lenticular galaxies using the probability of being440

lenticular (p(S0)) reported in DS18. We confirms that most441

(0.95) of the galaxies classified as Sp by C21 and labelled442

as ETG by DS18 are, in fact, lenticular galaxies, consistent443

with the previous section. Randomly selected examples of444

this kind of mismatch are shown in Fig. A3. In addition, we445

notice that a few of these galaxies show spiral arms. This is446

the case where the better quality of the DES images reveals447

structures that are not visible in SDSS, and the corrected448

classifier in C21 is able to classify them correctly. In the449

right panel of Fig. 7 we check the role played by lenticular450

galaxies (classified as such in DS18 according to p(S0)) by451

excluding them from the computation of the confusion ma-452

trix. The agreement with C21 classification is significantly453

improved for the Sp populations, reaching 99% agreement454

for this class.455

The excellent agreement between the two catalogues456

and their respective training labels suggests that the inclu-457

sion of the three band images does not improve the classifica-458

tion significantly, at least in the bright regime. This can also459

be important for the construction of future morphological460

catalogues where single band images can be used.461

7 V21 warns catalogue users not to trust galaxies classified both

as ETG and edge-on, and already noted after visual inspection

that many of these could be lenticular galaxies seen edge-on.
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Figure 6. Confusion matrices of C∩V samples in different magnitude bins. This uses V21 classification as the reference. Each quadrant

shows a different combination of classifications provided by the two catalogues. The red or green text in each quadrant represent the

number of galaxies that agrees with the classifications from C21 and V21 within each quadrant. The number above this text indicates the
fraction of these galaxies within each certain type decided by V21 classification. Each quadrant is coloured using this fraction, according

to the scalebar.

Figure 7. Confusion matrices and ROC curves of bright galaxies (16 ≤ i < 18) in C21 (top panel) and V21 (bottom panel) compared with
DS18. ‘TT’ represents ‘T-Type’. TT≤0 and TT>0 represents ETG and LTG in DS18, respectively. The right panel shows the confusion

matrices that exclude lenticular galaxies (S0) with the probability of being S0, p(S0) ≥ 0.5, in DS18 from ETG (T-Type ≤ 0).

4.1.3 Mismatched classifications of bright galaxies462

We now study in more detail the misclassifications between463

the two catalogues at 16 ≤ i < 18. There are 17,617 Sp &464

ETG and 1,784 Es & LTG, corresponding to ∼3.44% and465

∼0.348% of the certain types within this magnitude range,466

respectively.467

For the case of Sp & ETG, 0.94 of them are labelled468

as lenticular galaxies according to DS18. This suggests that469

bright galaxies with a classification of Sp & ETG are likely470

lenticular galaxies, in agreement with the finding in Sec-471

tion 4.1.2. Fig. 8 shows structural and physical properties of472

this mismatch. The distributions indicate that Sp & ETG473

galaxies have intermediate to large Sersic index, high stellar474

mass, and similar colour distributions to the Es & ETG. On475

the contrary, they have a very different ellipticity distribu-476
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Comparison of CNN Classifications 9

Figure 8. Top: the normalised distribution of Sérsic index, ellipticity, stellar mass, and apparent colour (g − r) from left to right. The

light green histograms represent Sp & ETG while the red and blue lines show the case of Es & ETG and Sp & LTG, respectively, for
comparison. The grey dashed vertical lines note Sérsic index = 2.0 and 4.0 and ellipticity = 0.5. The textual information within each

area separated by the grey lines shows the fraction of samples with Sp & ETG in each range. Bottom: randomly selected example images

of the mismatched case, Sp & ETG.

Figure 9. Top: the normalised distribution of Sérsic index, ellipticity, stellar mass, and apparent colour (g − r) from left to right. The

light orange histograms represent Es & LTG while the red and blue lines show the case of Es & ETG and Sp & LTG, respectively,
for comparison. The grey dashed lines note Sérsic index = 2.0 and 4.0 and ellipticity = 0.5. The textual information within each area
separated by the grey lines shows the fraction of samples with Es & LTG in each range. Bottom: randomly selected example images of

the mismatched case, Es & LTG.
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tion than Es & ETG, peaking at elongated values. Randomly477

selected example images are shown below.478

By combining the classifications of the two catalogues479

and looking for Sp & ETG, we are able to ‘re-discover’480

lenticular galaxies, a class which was not included in any481

of the training labels used in the construction of the two482

catalogues. Note, however, that completeness is not ensured483

when selecting a sample of lenticular galaxies with this ap-484

proach.485

For the Es & LTG, we show the Sérsic index, elliptic-486

ity, apparent colour (g − r), and stellar mass distribution487

in Fig. 9. Galaxies with a classification of Es & LTG follow488

the same colour and mass distribution of Sp & LTG and489

tend to have intermediate Sérsic index, 1 < n < 4, peak-490

ing at n ∼ 1.5. In addition, they have low ellipticity, i.e.,491

are round objects, suggesting that these galaxies could be492

disk galaxies seen face-on. Randomly selected examples are493

shown in Fig. 9. Note that these galaxies have a large bulge494

component, and the spiral structure, if present, is very faint.495

These galaxies probably correspond to intermediate types -496

some of them could be S0 or even Es; these galaxy types are497

difficult to categorize in any of the two classes.498

4.2 Faint Galaxies499

Despite the good agreement between the two catalogues at500

bright magnitudes (i < 19 in Fig. 6), this only represents501

14% (2,507,490 galaxies) of the intersection of the two cat-502

alogues. The lack of a labelled sample at i > 19 complicates503

the comparison. Therefore, in this section, we rely on other504

quantities that correlate with morphology but not uniquely505

to validate our results. In particular, we use the structural506

parameters from T18, stellar masses1 using similar methods507

to Palmese et al. (2020), photometric measurements (colour)508

from the DES Y3 GOLD catalogue, and absolute colour,509

stellar mass (Moutard et al. 2016a,b), and spectral classifi-510

cations (Siudek et al. 2018b) from VIPERS. Despite a small511

statistics, we use VIPERS measurements for the absolute512

colour at fainter magnitudes, because the measurement of513

absolute magnitudes in DES is less accurate due to the larger514

uncertainty of the DES photometric redshifts.515

4.2.1 Sp & ETG mismatch516

The number of Sp & ETG at i ≥18 is 580,044, corresponding517

only to ∼4.6% of the certain types at i ≥ 18 (as defined in518

Section 2.3), but as much as ∼41% of the ETG classified as519

such by V21. Fig. 6 shows that the agreement between the520

galaxies classified as ETG drops significantly after i ≥ 19.521

Hereafter, we separate the discussion into three different522

magnitude bins: 18 ≤ i < 19, 19 ≤ i < 20, 20 ≤ i < 21.523

In Fig. 10, we show the Sérsic index, ellipticity, stellar mass,524

and apparent colour (g− r) distributions in magnitude bins525

for the Sp & ETG. Note that the colour is based on observed526

magnitudes, not absolute or K-corrected due to the uncer-527

tainty in DES photometric redshift, which complicates the528

comparison at different redshifts. We use apparent colour529

distributions of the matched classifications in each magni-530

tude bin as a comparison.531

Galaxies classified as Sp & ETG follow a similar Sér-532

sic index distribution of bright Sp & ETG in all magnitude533

bins, peaking at intermediate range (n ∼ 3). They are red534

and massive objects, with very similar colour and mass dis-535

tributions to the Es & ETG. Interestingly, the ellipticity536

(ϵ) distributions are very different at different magnitude537

ranges: the Sp & ETG 18 ≤ i < 19 have large ellipticities538

(i.e., they are elongated galaxies), similar to the bright Sp539

& ETG, supporting the assumption that they are potential540

lenticular galaxies. On the other hand, at i > 19 they span a541

much wider range peaking at ϵ ∼ 0.2 (i.e., rounder objects).542

The final panel shows randomly selected examples of543

Sp & ETG. While the ones at 18 ≤ i < 19 look like lenticu-544

lars seen edge-on, the images at fainter magnitudes are very545

noisy and it is difficult to confirm their morphology by eye.546

Because of the significant change in properties, we cannot547

argue that the Sp & ETG at fainter magnitude are domi-548

nated by lenticular galaxies.549

In order to further investigate the nature of these Sp &550

ETG galaxies, we use measurements from VIPERS, which551

provide absolute colors and a classification based on spectro-552

scopic information. Unfortunately, the number of galaxies in553

the two catalogues with a VIPERS counterpart is very small554

(∼ 4800 in total, ∼ 600− 700 Sp & ETG, 99% of them with555

i ≥ 19), and thus we cannot separate the sample into mag-556

nitude bins. Fig. 11 shows similar trends to Fig. 10. The557

distribution of Sérsic index and absolute colour (Mg −Mr)558

of Sp & ETG is even more similar to the one of Es & ETG. In559

addition, 0.99 of the Sp & ETG have spectral classifications560

from Siudek et al. (2018b)8, consistent with passive or in-561

termediate populations (class=[0,7]). These results suggest562

that this population comprises distant passive/intermediate563

massive galaxies with round shapes, more consistent with564

ETG including potential lenticular galaxies (although this565

is very difficult to say from visual inspection alone due to566

the noisy images).567

Note that there are only 4 galaxies with a class of Sp &568

ETG at 18 ≤ i < 19 with VIPERS’s measurements such as569

Sérsic index. For i ≥ 19, we also have small statistics − 605570

galaxies; thus, for this specific magnitude range more precise571

measurements to make a robust comparison are needed.572

4.2.2 Es & LTG mismatch573

Now we discuss the Es & LTG case, which corresponds to574

123,305 galaxies (∼1% of the certain types and ∼1% of the575

LTG according to V21), i.e, a much smaller fraction than576

the mismatch Sp & ETG.577

Fig. 12 shows the Sérsic index, ellipticity, stellar mass,578

and apparent colour distributions for Es & LTG. In general,579

these galaxies have similar distributions in mass and colour580

as the Sp & LTG population. However, they are round ob-581

jects with intermediate values of Sérsic indices. The cutout582

examples have no signs of spiral or asymmetric structure,583

suggesting that these could be face-on spiral galaxies with584

low T-Types (0 < T-Type < 2), or even low mass ellipti-585

cal galaxies. Again, these are intermediate galaxies which586

are difficult to classify, similarly to the brighter population587

discussed in Section 4.1.3. Note that the fraction of Es &588

8 Siudek et al. (2018b) used a Fisher Expectation-Maximization

(FEM) unsupervised algorithm to categorize galaxies in 12 spec-

tral classes
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Figure 10. Normalised distributions of Sérsic index, ellipticity, stellar mass, and apparent colour, g − r, are presented from left to right,
and the last panel shows randomly selected examples of Sp & ETG within each magnitude range. The green shaded histograms show

the distribution of Sp & ETG within each magnitude range. The number of Sp & ETG galaxies that are used to construct the green

shaded histograms is shown above each graph. Solid red and blue lines are the distribution of Es & ETG and Sp & LTG, respectively, for
comparison. The solid dark green lines show the distributions of the Sp & ETG case with 16 ≤ i < 18 for comparison. The grey vertical

dashed lines note Sérsic index = 2.0 and 4.0 and ellipticity = 0.5. The textual information within each area separated by the grey lines

shows the fraction of samples with Sp & ETG in each range.

LTG with high Sérsic index (i.e. Sérsic index > 2) increases589

after i ≥ 19. In particular, a bimodal distribution appears590

in the fainter bin (20 ≤ i < 21). These galaxies with bulge591

structure (Sérsic index > 4) are blue galaxies with relatively592

lower mass (peaking at log10 M
∗/M⊙ ∼ 10.5) compared to593

the ones of Es & ETG. Although the Sérsic index measure-594

ments are more uncertain for this kind of galaxies, which595

complicates the analysis, it is reasonable that these galax-596

ies have uncertain classification since they are uncommon in597

the initial training samples (i.e. bright galaxies) but also due598

to their intrinsic faintness, which complicates the morpho-599

logical classification. This shows that, although emulating600

bright galaxies to fainter magnitudes for training improves601

the CNN accuracy, some populations of galaxies could be602

missing. As an alternative, using hydrodynamic simulations603

to build complete populations of galaxies throughout the604

magnitude and redshift ranges of the targets in the training605

process might help solving this bias. By adopting the certain606

classifications provided in the two catalogues, one could al-607

ternatively train a series of machines that contains real faint608

galaxies.609

As a side note, the Sp & LTG population at 19 ≤610

i < 20 contain more massive galaxies (with a peak at611

log10 M
∗/M⊙ ∼ 11) than in other magnitude bins. Since612

there is not an apparent change in Sérsic index, ellipticity,613

and colour, these massive galaxies may be interesting targets614

to followup.615

5 COMPARISON OF GALAXIES PROPERTIES616

Finally, without limiting to the intersection samples, we617

study several physical and structural properties in each cat-618

alogue individually for the samples with a certain classifi-619

cation, i.e. either Es or Sp in C21 and either ETG or LTG620
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Figure 11. Normalised distributions of Sérsic index, ellipticity, stellar mass, absolute colour Mg −Mr (from VIPERS), and unsupervised

spectral classification from Siudek et al. (2018b) are presented. The green shaded histograms show the distributions of Sp & ETG. The
solid red and blue lines are the distributions of Es & ETG and Sp & LTG, respectively, for comparison.

Figure 12. Normalised distributions of Sérsic index, ellipticity, stellar mass, and apparent colour, g − r, for Es & LTG are presented

from left to right, and the last panel shows randomly selected examples of Es & LTG within each magnitude range. The orange shaded
histograms show the distributions of Es & LTG. The number of Es & LTG used to plot the orange shaded histograms is shown above

each graph. The solid red and blue lines are the distributions of Es & ETG and Sp & LTG, respectively, for comparison. The grey dashed
lines note Sérsic index = 2.0 and 4.0 and ellipticity = 0.5. The textual information within each area separated by grey lines shows the

fraction of samples with Es & LTG in each range.
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Figure 13. Normalised distributions of r-band magnitude, redshift, apparent colour (g− r), half-light radius, Sérsic index, and ellipticity.

The shaded histograms show galaxies with robust classification from V21 while solid lines are for C21. Red and blue colour indicates
Es/ETG and Sp/LTG, respectively.

Figure 14. The shaded histograms show the normalised Sérsic in-
dex distributions of red Sp with g − r > 1.5 (left) and blue Es

with g − r < 1.5 (right) from C21. The blue and red solid lines

show the Sérsic index distributions of LTG and ETG from V21,
respectively, for comparison. The number of data in each class

that have Sérsic index measurements is shown within brackets in
the legend.

in V21, in order to further discuss what might impact each621

machine’s decision. Note that the classification criteria used622

for V21 classifications is a strict version (Section 2.3)9.623

Fig. 13 shows the distributions of magnitude, redshift,624

observed colour and structural parameters (half-light radius,625

Sérsic index, ellipticity) for the two classes (ETG/LTG or626

Es/Sp) in the two catalogues. While the distributions in size627

and ellipticity look quite similar for the two catalogues, there628

are significant differences in the other properties.629

In particular, ETG and LTG, classified according to630

V21, have similar redshift distributions, but show a clear631

bimodality in colour. The ETG have brighter observed mag-632

nitudes compared to LTG but span through the full mag-633

nitude range, at least up to 21 mag in the r-band. On the634

other hand, the colors of Es and Sp galaxies, classified as635

such according to C21, are more overlapped, while the Es636

population clearly dominates at bright magnitudes (peaking637

9 One can choose to use loose criteria such as including secure

intermediate classification to increase statistics depending on the

science goals.

at ∼18.5 mag in the r-band) and lower redshifts compared638

to the Sp population.639

We further investigate the discrepancy in colour distri-640

bution by studying the Sérsic index distribution of red Sp641

(g− r > 1.5) and blue Es (g− r < 1.5) in Fig. 14. Note that642

we use apparent colour in comparison without addressing643

K-correction; hence, we apply a colour cut at g− r = 1.5, at644

the intersection point of the colour distributions of ETG and645

LTG (Fig. 13). Blue galaxies (g− r < 1.5) classified as Es in646

C21 do closely follow the Sérsic index distribution of ETG647

from V21. On the other hand, the red (g − r>1.5) galaxies648

classified as Sp have a intermediate Sérsic index distribu-649

tion in between ETG and LTG. This indicates a significant650

structural difference between red Sp and ETG/LTG which651

may indicate that they are potential lenticular galaxies.652

Red Sp are ∼21% of galaxies at z < 1 with a certain653

classification in C21 (∼18% from total samples). In Sec-654

tion 4.1.3, we discussed that the Sp & ETG can be a po-655

tential indicator of lenticular galaxies. We notice that over656

90% of the mismatched case of Sp & ETG are red Sp (note657

that only 22.5% red Sp are Sp & ETG). However, we again658

note that there are a variety of uncertainties associated with659

identifying lenticular galaxies, since they cover a wide range660

of physical properties (Deeley et al. 2020, 2021). Therefore,661

the pursuit in this paper is not to classify lenticular galaxies,662

but to assess the impact of different CNN approaches to this663

undefined class.664

6 SUMMARY AND CONCLUSIONS665

In this work we compare the two largest galaxy morphologi-666

cal classification catalogues to date: V21, which includes ∼27667

million galaxies at r < 21.5, and C21, which includes ∼21668

million galaxies with 16 ≤ i < 21 and z < 1. Due to different669

initial sample selection, the two catalogues have an overlap670

of ∼ 60%. Besides differences in the CNN architectures, the671

two studies have fundamental differences in their approaches672

such as (1) cutout sizes; (2) training labels; (3) brightness of673

the training sample; and (4) input to the CNN: multi-band674

vs monochromatic images (Section 2.2). The fact that such675

different methodologies are applied to the same and large676

datasets, allows us to compare the results in a statistically677
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significant way and to assess different machine learning ap-678

proaches.679

We examine the agreement between two catalogues us-680

ing the intersection samples (C∩V); the classification agree-681

ment is as high as ∼95% (see Fig. 5) of the galaxies with a682

certain classification, i.e. Es & ETG or Sp & LTG (as de-683

fined in Section 2.3). However, the large agreement is mostly684

driven by the Sp & LTG population, which corresponds to685

66% of the intersection of the two catalogues. On the other686

hand, the agreement of the Es/ETG population is lower687

(3.9%), especially at i > 19 mag (∼5%, Fig. 5), where the688

number of galaxies classified as Es by C21 decreases (see689

Fig. 3).690

The machine classifier of C21 was trained with the691

brighter low redshift galaxies only where reliable visual la-692

bels were available, while V21 added faint galaxies to the693

training sample by emulating bright galaxies to fainter mag-694

nitudes. One of the main results from this comparison is the695

conclusion that the C21 machine can push its predictions696

accurately one magnitude fainter than its training samples.697

The excellent agreement between the two catalogues up to698

i < 19 also indicates that the use of multi-band images does699

not provide a significant improvement in the morphologi-700

cal classifications of galaxies when compared to the use of701

monochromatic images. This can have a significant impact702

on the machine learning methodologies used for morpholog-703

ical classifications in future Big Data surveys such as Euclid704

or Rubin/LSST.705

We have studied in detail the photometric, structural706

and spectroscopic properties of the mismatched classifica-707

tions of the two catalogues divided in the bright (i < 18)708

and faint (i ≥ 18) regimes. Our main findings are:709

• Bright Sp & ETG: These are ∼3.4% of the galaxies710

with certain classification in this magnitude range. Their711

properties and appearance are consistent with possibly being712

lenticular galaxies (Figure 8), a class that was not included713

in any of the training samples. This mismatch could be a714

potential way to identify lenticular galaxies, but we note715

that this approach might result in a small completeness.716

• Bright Es & LTG: These contribute less than 0.4% to717

the galaxies with certain classification in this magnitude718

range. They are generally blue, round galaxies (95% have719

ellipticity smaller than 0.5, see Figure 9) with intermedi-720

ate Sèrsic indices. These galaxies are difficult to classify and721

could be a mixture of face-on disk galaxies with no signs of722

spiral structure, lenticular, or elliptical galaxies.723

• Faint Sp & ETG: This population contributes to ∼5%724

of the galaxies with certain classification in this magnitude725

range but as much as 41% of the ETG classified as such726

by V21. At 18 ≤ i < 19, their structural measurements727

and physical properties follow similar trends as the ones at728

16 ≤ i < 18, supporting the hypothesis that they could be729

lenticular galaxies as well. In the fainter magnitude bins (i >730

19) their properties are more consistent with a red, massive,731

and passive population, although it is almost impossible to732

confirm via visual inspection due to their noisy images (see733

Figure 10).734

• Faint Es & LTG: These correspond to ∼ 1% of the735

galaxies with a certain classification for both catalogs in736

this magnitude range. These systems blue galaxies with rela-737

tively lower mass compared to the Es & ETG, round shapes,738

and intermediate Sèrsic indices. These galaxies are difficult739

to classify, as in the bright regime (Fig. 12). At i ≥ 19, there740

is a bimodal distribution of the Sérsic index, i.e., they could741

be a population of blue low mass galaxies with significant742

bulge component, which may not be well-represented in the743

training sample.744

Finally, we compare the physical properties of the galax-745

ies classified as Es/ETG and Sp/LTG from each catalogue746

in Fig. 13. The galaxies classified as ETG by V21 have simi-747

lar structural measurements such as half-light radius, Sérsic748

index, and ellipticity to the galaxies classified as Es by C21;749

the same is true for Sp/LTG. However, the distribution in750

observed magnitude, redshift and colour are very different751

for the C21 compared to V21. ETG and LTG galaxies span752

more or less over the full magnitude and redshift range but753

are clearly separated in colour, with ETG being redder. On754

the other hand, the colors of Es/Sp are more overlapped755

and instead there is a clear difference in the magnitude and756

redshift of Es and Sp, with Es being more abundant in the757

bright low redshift regime. This suggests that the C21 clas-758

sifier underpredicts Es at fainter magnitudes and high red-759

shifts (see also Fig. 4) probably because it confuses noise760

with structure. However, interestingly, when examining blue761

Es (g − i < 1.5) and red Sp (g − i > 1.5) in Fig. 14, blue Es762

have similar structure to ETG and red Sp show intermediate763

structure between ETG and LTG.764

This is the first comparison of two large morphological765

catalogues, including over 20 million galaxies each, gener-766

ated by a CNN. This allows us to assess different CNN ap-767

proaches and to further validate the classifications provided768

by each catalogue. These classifications could indeed serve as769

a training sample to classify future datasets at faint magni-770

tude limits. In the case of disagreement between the classifi-771

cations (∼ 5% of intersection of the two samples), we suggest772

to complement the classification with additional parameters,773

such as structural measurements. Furthermore, by combin-774

ing the two catalogues, the number of total classifications775

is increased up to ∼30 million galaxies for future studies of776

galaxy evolution. We warn the reader to be aware of the bi-777

ases and disagreement detailed in this paper when making778

use of the catalogues for scientific research. In particular, we779

caution on the robustness of the selection of the ETG pop-780

ulation at faint magnitudes due to the large discrepancy of781

the classifications presented in the two catalogues.782
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Sp[C21]+Es[GZ1] (16≤ i<18)

Figure A1. Randomly selected examples of the mismatches that are classified as Sp by C21 and labelled as Es in GZ1. The p(Sp) values
quoted under each panel is the probability of being Sp provided by C21.

MP_LTG=0.15
p(edge)=0.86
p(S0)=0.96

MP_LTG=0.03
p(edge)=0.00
p(S0)=0.67

MP_LTG=0.07
p(edge)=0.00
p(S0)=0.80

MP_LTG=0.03
p(edge)=0.01
p(S0)=0.66

MP_LTG=0.01
p(edge)=0.97
p(S0)=0.65

MP_LTG=0.11
p(edge)=0.12
p(S0)=0.92

MP_LTG=0.07
p(edge)=0.90
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p(edge)=0.00
p(S0)=0.88

ETG[V21]+Sp[GZ1] (16 ≤ i<18)

Figure A2. Randomly selected examples of the mismatches that are classified as ETG by V21 and labelled as spiral galaxies in GZ1. The

MP LTG, p(edge), and p(S0) values quoted under each panel represents the median probability of being LTG, edge-on galaxies (provided
by V21), and lenticular galaxies (S0; provided by DS18), respectively. Note that most of these are actually edge-on and/or lenticular

galaxies.
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ETG[DS18]+Sp[C21] (16 ≤ i<18)

Figure A3. Randomly selected examples of the mismatches that are classified as spiral galaxies (Sp) by C21 and labelled as ETG in DS18.

The p(Sp) is the probability of being a spiral galaxy according to C21 while the p(S0) represents the probability of being a lenticular
galaxy, according to DS18.
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