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Abstract

We introduce the NASA/IPAC Extragalactic Database (NED) Local Volume Sample (NED-LVS), a subset of ∼1.9
million objects with distances out to 1000Mpc. We use UV and IR fluxes available in NED from all-sky surveys to
derive physical properties, and estimate the completeness relative to the expected local luminosity density. The
completeness relative to near-IR luminosities (which traces a galaxy’s stellar mass) is roughly 100% at D< 30Mpc
and remains moderate (70%) out to 300Mpc. For brighter galaxies (L*), NED-LVS is ∼100% complete out to
∼400Mpc. When compared to other local Universe samples (GLADE and HECATE), all three are ∼100% complete
below 30Mpc. At distances beyond ∼80Mpc, NED-LVS is more complete than both GLADE and HECATE by
∼10%–20%. NED-LVS is the underlying sample for the NED gravitational-wave follow-up service (NED-GWF),
which provides prioritized lists of host candidates for GW events within minutes of alerts issued by the LIGO–Virgo–
KAGRA collaboration. We test the prioritization of galaxies in the volume of GW170817 by three physical
properties, where we find that both stellar mass and inverse specific star formation rate place the correct host galaxy in
the top 10. In addition, NED-LVS can be used for a wide variety of other astrophysical studies: galaxy evolution, star
formation, large-scale structure, galaxy environments, and more. The data in NED are updated regularly, and NED-
LVS will be updated concurrently. Consequently, NED-LVS will continue to provide an increasingly complete
sample of galaxies for a multitude of astrophysical research areas for years to come.

Unified Astronomy Thesaurus concepts: Galaxies (573); Astronomy databases (83); Surveys (1671);
Catalogs (205)

1. Introduction

Large, modern surveys are fundamental for understanding
the demographics of galaxies, their distribution in space, and
their evolution over cosmic time. Imaging the night sky is an
essential first step to acquire coordinates, fluxes, and
morphologies needed to identify the galaxies, but mapping
the Universe in three dimensions requires distances either by
redshift surveys (e.g., Huchra et al. 1983) or redshift-
independent distances (e.g., Tully et al. 2023). As advances
in detectors and computing power have led to an explosion of
photometric imaging in different spectral regions and distance
measurements, the NASA/IPAC Extragalactic Database
(NED)8 has maintained a comprehensive census of objects
beyond the Milky Way (MW) and a fusion of their most
fundamental measurements across the electromagnetic (EM)
spectrum. While the completeness of the NED census of
distinct objects in a given volume is dependent on the
observational selection effects of the largest sky surveys, the
relative scarcity of redshifts is the most limiting factor in
constructing a thorough three-dimensional galaxy census map.

Understanding the completeness of redshift measurements in
NED is important for a wide range of applications. Studies of
the variation in space density, star formation rate (SFR)
density, and luminosity functions (LFs) of galaxies as a
function of look-back time, position on the sky, or differing
environments in the cosmic web can be biased by incomplete-
ness in galaxy detections or redshift measurements (e.g., Hargis
et al. 2014; Kulkarni et al. 2018). Failure to apply completeness
corrections can lead to incorrect interpretations of astrophysical
phenomena (e.g., Zaritsky et al. 2021; Leethochawalit et al.
2022). Similarly, searches for galaxy group/cluster members
and satellites can be contaminated by foreground or back-
ground objects in regions with poor redshift coverage. Time-
critical searches for the host galaxies to gamma-ray burst
(GRB) events (Singer et al. 2015; Andreoni et al. 2021;
Ahumada et al. 2022), gravitational-wave (GW) events (Evans
et al. 2016; Coughlin et al. 2019a), high-energy neutrino events
(IceCube Collaboration et al. 2018), and other transients (De
et al. 2020) are enhanced by the availability of redshifts to
narrow down the list of plausible candidates and confirm
distance or galaxy environment. In these, as well as in many
other cases, it is important to understand how the completeness
of galaxy redshifts varies with distance and across the sky. The
term “completeness” hereafter refers to the fraction of
cataloged galaxies with available redshifts compared to how
many we expect in a given volume (Kopparapu et al. 2008;
Gehrels et al. 2016; Kulkarni et al. 2018).
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One of the main science drivers for constructing the NED
Local Volume Sample (NED-LVS) is its utilization in the
search for EM counterparts to GW events. The detection of
GWs (Abbott et al. 2016) by the LIGO9

–Virgo collaboration
(and later by the LIGO–Virgo–KAGRA collaboration; here-
after LVK) has provided exciting new tests of basic physics
and general relativity (Abbott et al. 2019), but many of the
most exciting discoveries are only possible when the EM
counterpart is detected and studied concurrently. The EM
counterpart to only one such event has been found to date
(GW170817), yet has yielded remarkable results: constraints on
the speed of GWs (Abbott et al. 2019), the origin of most
metals heavier than iron (Kasliwal et al. 2017), and an
independent measure of the Hubble constant (Abbott et al.
2017a). Now the race is on to find a population of these events.
However, due to the poor sky localizations of GW events, these
searches will be difficult for the next several years, where they
will be limited by the availability and quality of galaxy
catalogs. The redshift completeness inside the sensitivity
horizons of GW detectors will impact future searches for EM
signatures to GW events.

The L-shaped interferometer detectors employed by LVK
are sensitive to GWs emitted during the merger of two
compact, massive objects: binary neutron stars (BNSs), binary
black holes (BBHs), or a mix of the two (neutron star-black
hole mergers, NSBHs). BNS and NSBH events are expected to
produce EM counterparts via r-process radioactive decay of
neutron-rich material expelled during the merger (Li &
Paczyński 1998; Metzger et al. 2010; Kasen et al. 2015)
referred to as a kilonova, whereas no EM counterparts are
expected for BBH events (but see Graham et al. 2020).

To date, there have been three observing runs aimed at
detecting GWs: O1 (2015), O2 (2017), and O3 (2019). Two
more are scheduled: O4 in early 2023, and O5 in 2025.
However, no EM counterparts were discovered during the O3
run. A major factor in the absence of an O3 detection was poor
sky localizations (Petrov et al. 2022), where the median
localization area during O3 was 4500 deg2. While there exist
optical survey telescopes with large fields of view that can
image significant sections of these areas, such as the Zwicky
Transient Facility (Bellm et al. 2019; Graham et al. 2019) or
Vera Rubin Observatory (Ivezić et al. 2019), these surveys
encounter a “needle in a haystack” problem where transient
candidates in sky localization areas are dominated by Galactic
flare stars and distant supernovae (SNe; Kasliwal &
Nissanke 2014). However, the amplitude of a GW signal
provides an independent estimate of the distance to the source,
which is reported in an event’s public notification. Thus, some
groups chose to only target known galaxies in the three-
dimensional localization (including distance), which reduces
the number of candidate sources by a factor of ∼100 (Nissanke
et al. 2013; Gehrels et al. 2016; Ducoin et al. 2020).

However, in the largest event localizations, even a three-
dimensional galaxy-targeted strategy will have limitations due
to large numbers of host candidates in the event’s volume
(e.g., Cook et al. 2020). This problem can be mitigated by
prioritizing galaxies via their properties. The host of the only
EM counterpart found to date (NGC 4993, associated with
GW170817; Coulter et al. 2017) is an early-type galaxy with
high mass and low SFR with an older stellar population

(e.g., Levan et al. 2017; Pan et al. 2017). Theoretical studies
have suggested that BNS events are more likely to occur in
more massive galaxies given the long merger delay times of
neutron-star pairs (>1 Gyr; Dominik et al. 2012; Belczynski
et al. 2018). However, the hosts of Type Ia supernova (SNIa)
events, which are also thought to come from older populations,
depend on both stellar mass and SFR (Scannapieco &
Bildsten 2005; Sullivan et al. 2006; Pan et al. 2014; Wiseman
et al. 2021). Given a BNS-host sample size of one, the
relationship between BNS events and host-galaxy properties is
still hotly debated and not fully understood (Mapelli et al.
2018; Artale et al. 2019; Toffano et al. 2019; Adhikari et al.
2020; Ducoin et al. 2020; Fong et al. 2022; Nugent et al. 2022;
Zevin et al. 2022). Thus, a galaxy catalog with several derived
properties related to various population tracers would provide a
versatile tool in the search for GW counterparts.
An additional complicating factor is that the LIGO (Aasi

et al. 2015), Virgo (Acernese et al. 2015), and KAGRA
(Akutsu et al. 2021) detectors for O4 will be sensitive to even
larger distances than in previous runs, where the BNS and
NSBH sensitivity distances will extend to 200 and 350Mpc,
respectively. However, the majority of BNS and NSBH events
during the O3 run had distances greater than their predicted
sensitivity limits (Petrov et al. 2022), which suggests that some
fraction of the upcoming O4 events may also have greater
distances than expected. As a result, the searches for EM
counterparts to GW events will be required to rely on galaxy
catalogs that are less complete at these greater distances, which
may hinder these searches. Constructing a galaxy catalog that is
highly complete out to the sensitivity distances of both BNS
and NSBH events would provide a higher probability of
finding more EM signatures to GW events.
How well do we know the local Universe? Considerable

effort has been made to construct homogenized galaxy catalogs
for the purposes of aiding the searches for kilonova signatures
from GW events: the Compact Binary Coalescence Galaxy
catalog (CBCG; Kopparapu et al. 2008), the Gravitational
Wave Galaxy Catalog (GWGC; White et al. 2011), the Galaxy
List for the Advanced Detector Era (GLADE; Dálya et al.
2018), the Census of the Local Universe (CLU; Cook et al.
2019), and the Heraklion Extragalactic Catalogue (HECATE;
Kovlakas et al. 2021). While each of these catalogs are well
constructed and provide unique features, the distances for
CBCG and GWGC only extend to 100Mpc while CLU and
HECATE are limited to 200Mpc and GLADE has no formal
distance limitation. Thus, most of these catalogs will not be
useful for many NSBH and even some BNS events if the
majority of the event distances remain as high as observed
in O3.
In addition to the distance limits of these catalogs, their

estimated completeness can have a significant impact on
finding kilonova counterparts. Only two previous catalogs
estimate completeness out to 200Mpc. The HECATE catalog
reports a completeness (by the B and K bands) of less than
30%–40% at 200Mpc, and GLADE reports 40% (by the B
band) out to 200Mpc. However, more recent studies (Kulkarni
et al. 2018; Fremling et al. 2020) using an independent method
to estimate galaxy completeness by counting the number of
volume-limited SN hosts with a cataloged distance suggest that
completeness could be as high as 60%–80% out to 200Mpc
when using distance information from multiple sources
including NED. The lower completeness estimates from current

9 Laser Interferometer Gravitational-Wave Observatory; https://www.ligo.
caltech.edu/.
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galaxy catalogs relative to SN hosts with available redshifts
suggests that these compilations may be missing objects with
known redshifts and will suffer from even lower completeness
past 200Mpc where future NSBH (and possibly BNS) events
are more likely to occur.

In this study, we construct a sample of galaxies in the local
Universe out to 1000Mpc from NED, which will benefit from
the increasing completeness of extragalactic objects with
redshift or distance measurements as NED is regularly updated.
In addition, we provide panchromatic fluxes and derive
physical galaxy properties (e.g., SFRs, stellar masses, etc.) to
enable quick prioritization during follow-up observational
campaigns. The sample construction and completeness results
are detailed in Sections 2 and 3, respectively. In Section 4, we
provide a comparison to other local Universe samples, detail
some science use cases of NED-LVS, and discuss limitations to
the sample.

2. Sample Construction

The galaxy sample utilized in this study is constructed from
the NED (NASA/IPAC Extragalactic Database 2019) and is
limited to a distance of 1000Mpc (z∼ 0.2). This distance was
chosen to fully encompass the expected distance limits for
detecting BNS and NSBH mergers in the LVK detectors during
the observing runs out to O5: D∼ 330 and D∼ 590Mpc for
BNS and NSBH, respectively (Abbott et al. 2020). Since the
objects studied here are a subsample of NED limited to the
local Universe, we refer to this catalog as the NED Local
Volume Sample (hereafter NED-LVS). In total, the final list
contains 1,872,654 extragalactic objects that were extracted in
2021 September.

The observable quantities collected for NED-LVS are taken
directly from the NED database. In this section, we describe the
object selection, how the final distances are chosen when
multiple measurements exist, the fluxes that are extracted, and
the methods used to derive physical properties. We note that
future updates to this catalog will include photometry from
additional large-area surveys and additional objects with newly
measured redshifts that are routinely ingested by NED (see
Section 5).

2.1. Sample Definition and Object Selection

As of 2021 September, NED contains over 1.1 billion unique
objects10 that are integrated from both the astrophysical
literature and from large-area surveys where names, positions,
redshifts, redshift-independent distances, and photometry can
be extracted. However, not all of these objects are extragalactic.
In fact, the unique objects in NED are dominated by
unclassified sources with no distance information (81%) due
to the ingestion of several all-sky surveys: the Two-Micron All
Sky Survey (2MASS; Skrutskie et al. 2006), AllWISE (Wright
et al. 2010), and Galaxy Evolution Explorer (GALEX; Martin
et al. 2005).11 In this section, we describe how extragalactic
sources were selected from the database.

We start the selection process by extracting all unique
objects that have a redshift-based or a redshift-independent
distance (e.g., from Cepheid pulsation timing, SNIa light-curve
peak luminosities, etc.; Steer et al. 2017) out to 1000Mpc. We

also require that the objects are a single, localized system (e.g.,
galaxy or quasi-stellar object, QSO) and not the center of a
large collection of localized systems (i.e., galaxy clusters),
though the individual components are retained. However, we
do allow galaxy pairs and triples, as the individual centers of
these systems cannot always be cleanly disentangled and the
distances to the individual components may not be measured.
We have also excluded objects that are classified as parts of
galaxies (e.g., H II regions, star clusters, etc.). However, we do
not make any exclusions on galaxy or activity type. Thus,
NED-LVS will contain the full range of galaxy-scale objects
found in the local Universe.
Table 1 presents the various object types in the final NED-

LVS list, and the definitions of the object type codes can be
found on the NED website.12 The makeup of the final list is
heavily dominated by individual galaxies (∼97%) followed by
unclassified visual and IR sources (each with∼1%). These
objects represent the final list after visual inspection was
performed to identify and remove those with types that are not
consistent with a galaxy-scale object or have unreliable
redshifts.
We made significant efforts to clean NED-LVS of

contamination (see Appendix A for full details). Using a
combination of visual inspection and automated assessment,
we identified and cleaned over 200,000 objects, where we
updated object types and/or set redshift quality flags. While a
significant fraction of this cleaning effort came from automated
assessments and updates, we did visually classify tens of
thousands of galaxies primarily at z< 0.002 or from individual
publications whose data warranted additional investigation.
NED-LVS entries whose object types are not consistent with

a galaxy-scale object were removed from the sample, and
include stars, nebulae in the MW, parts of nearby galaxies
(individual stars, star clusters, planetary nebulae, H II regions,
etc.), and image artifacts where spectra were taken of blank

Table 1
A List of the Object Types in NED-LVS Extracted from the NED Database

Object Type N % of
Type Description Total

G Galaxy 1,811,810 96.757
VisS Visual src 16,096 0.860
IrS Infrared src 15,718 0.839
UvS Ultraviolet src 11,061 0.591
GTrpl Galaxy triple 5380 0.287
QSO Quasar 4489 0.240
RadioS Radio src 3796 0.203
GPair Galaxy pair 2782 0.149
UvES Ultraviolet emission src 604 0.032
XrayS X-ray src 334 0.018
GammaS Gamma-ray src 164 0.009
AbLS Absorption-line system 153 0.008
G_Lens Lensed image of a G 107 0.006
EmLS Emission-line src 45 0.002
Q_Lens Lensed image of a QSO 3 <0.001
EmObj Emission object 1 <0.001
Other Other entities 1 <0.001

Note. The primary objects are individual galaxies. The secondary objects are
composed of unclassified sources (visual, UV, and IR), QSOs, and galaxy pairs
and triples.

10 https://ned.ipac.caltech.edu/CurrentHoldings
11 https://ned.ipac.caltech.edu/Documents/Holdings/Sets 12 https://ned.ipac.caltech.edu/Documents/Guides/Database
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sky. The full list of objects with updated types is shown in
Table 5. We also flagged individual redshift measurements
with a redshift quality flag (“z_qual”) equal to “True” that were
deemed unreliable for the following reasons: noisy spectra,
unphysical recessional velocities, or unphysical patterns in the
redshift distributions of objects from a given publication. The
objects whose current fiducial redshifts that are flagged were
not removed from the sample since more reliable measurements
may be in NED or added in the future. These quality flags are
currently being incorporated back into NED, which will inform
future versions of NED’s fiducial redshift algorithm (see
Section 2.2.1), and the updated redshifts will be available in a
future version of NED-LVS. The full list of objects whose
redshift quality flags were set is available in Table 6.

2.2. Redshifts and Distances

We first obtain all of the redshifts and redshift-independent
distances available for each object in NED-LVS, and determine
a fiducial value for both redshifts and redshift-independent
distances. Then, we determine a final distance for objects with
both redshifts and redshift-independent distances. Figure 1
shows the final redshift–distance histogram of NED-LVS,
where the values are color coded based on the method used to
derive the final distance: redshift-independent distances (1.4%),
spectroscopic redshifts (62.0%), and photometric redshifts
(31.5%). We also provide visualizations of NED-LVS across
the sky via Figures 2 and 3, which show the distribution of
NED-LVS objects across the sky and across Galactic latitude,
respectively. The next three subsections describe how fiducial
and final redshifts/distances are determined.

2.2.1. Fiducial Redshifts

There are∼1.9 million objects with at least one redshift
smaller than 0.2 in NED after removing contaminants (see
Appendix A). The measurements presented in this section and
those discussed throughout the paper are heliocentric redshifts.
To determine a fiducial redshift for each object, we utilize a

new decision tree developed by the NED team specifically for
the NED database that is implemented in an automated process.
The details of this decision tree can be found in D. O. Cook
et al. (2023, in preparation) and on the NED website,13 but we
provide a brief overview below.
Of the total number of objects with redshifts in the local

Universe, 1.06 million (52%) have a single redshift measure-
ment, which is set as the fiducial value by default. Next, the
fiducial values for the remaining multimeasurement objects are
selected based on both the published uncertainties and the
technique used to measure the redshift. The techniques
(“z_tech” column) captured by NED are as follows: spectro-
scopic (SPEC), photometric (PHOT), modeled (MOD), multi-
ple methods (MULT), inferred (INFD), and unknown (UNKN);
they are here listed in order of highest to lowest priority. The
majority of the fiducial redshifts in NED-LVS have z_tech flags
of SPEC (∼65%) or PHOT (∼32%) while the other flags make
up less than a few percent.
The redshifts of the multimeasurement objects fall into two

categories: (i) at least one redshift uncertainty exists and the
measurement with the lowest uncertainty is chosen as the
fiducial; (2) no redshift uncertainties exist and the fiducial value
is chosen from the priority-ordered technique list. In the cases
where an object has more than one lowest uncertainty value,
the fiducial value is chosen from the priority-ordered technique
listed. In the cases where there exists a tie between two or more
priority-ordered technique values, the most recent value is
chosen as the fiducial. The most recent value was chosen based
on the assumption that a new measurement is more likely to be
made with more sophisticated instruments and techniques
resulting in a more accurate measurement.
To assess the reliability of these redshift values, we first

compare the new, algorithm-based “fiducial” redshifts to the
previous “preferred” redshifts using the objects in the NED-
LVS sample. The NED-preferred redshifts were chosen with
human intervention, which has become unsustainable in recent
years, thus motivating the new algorithm. For objects with
N > 1 redshifts, we find that∼58% of the objects show no
change in redshift and that most (80%) show less than a 10%
change. Furthermore, the median offset and median absolute
deviation of the redshift difference is 1.4× 10−9 and
2.0× 10−3, respectively. We note here that the absolute
median deviation was used due to the highly peaked Δz
distribution with small tails of large differences (resembling a
double exponential or Cauchy distribution) that skewed the
standard deviation metric to unreasonably high values. In the
rare cases where a photometric redshift is chosen over a
spectroscopic value (0.6%), the median redshift offset and
scatter to the preferred values is small (an offset of 0.002 with a
median absolute deviation of 0.2, respectively).
We have also compared the fraction of objects with

spectroscopic redshifts between the “preferred” and “fiducial”
values. Using only those objects that have the older “preferred”
values, we find that both have high fractions of spectroscopic
measurements: 94% and 98% for the “preferred” and
“fiducial,” respectively. The selection of spectroscopic mea-
surements by the “fiducial” algorithm is likely a consequence
of the relative errors between spectroscopic and photometric
redshifts, where we find that the median errors in the NED
database are 0.015 and 0.00001 for photometric and

Figure 1. The distance distribution of each object in NED-LVS out to z ∼ 0.2,
where the top axis shows the corresponding distance out to ∼1000 Mpc. The
red-, blue-, and green-hashed histograms represent sources with final distances
with photometric redshifts (zPHOT), spectroscopic redshifts (zSPEC), and
redshift-independent distances (zI-Dist). These data are presented as a stacked
histogram chart with zSPEC on top of zI-Dist and zPHOT on top of zSPEC in
each bin.

13 https://ned.ipac.caltech.edu/Documents/Guides/Database
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spectroscopic entries, respectively. As a consequence, our
selection method of choosing the lowest-error measurement
typically selects a spectroscopic value, and provides confidence
that more secure measurements are selected preferentially.

Another means to test the reliability of the new fiducial
redshifts is to compare these values to the median of the
redshifts for individual objects, where it is reasonable to

assume that the median is a good proxy for a statistically
accurate redshift. The median offset and median absolute
deviation of the redshift difference (fiducial minus median for
each object) is 1.6× 10−8 and 9.3× 10−5, respectively. This is
an order-of-magnitude lower scatter than that found for old,
preferred redshifts. In addition, we quantify potential discrepant
redshifts via the standard deviation of redshifts for each object.

Figure 2. All-sky density plots of NED objects with distance measurements in equatorial (J2000) coordinates (left column) and Galactic coordinates (right column).
The top, middle, and bottom rows show all objects, those with spectroscopic redshifts, and photometric redshifts, respectively. Each pixel in the HEALPix maps is
2 deg2.
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We find that only 1266 (0.1%) objects show a >3σ deviation
from the median. The significantly reduced scatter and the
small fraction of objects with significant deviations between the
fiducial and median redshifts suggest that the new values are
more reliable.

To summarize, the new fiducial redshifts are chosen based
on a decision tree that takes into account measurement
technique and uncertainties. The new fiducial values agree
with the old preferred ones, as evidenced by the low scatter in
the differences of the redshifts and the large fraction of objects
with little-to-no change in their redshifts (58% show no change
and 80% show <10% change). Furthermore, the increased
fraction of spectroscopic redshifts chosen by the fiducial
algorithm (66%) compared to the fraction in the preferred
values (40%) provides confidence that more reliable redshifts
are being chosen. Finally, the reduced scatter found in the
difference between fiducial and median redshifts (relative to the
old preferred redshifts) suggests that the fiducial redshifts
reflect a statistically more accurate selection.

2.2.2. Fiducial Redshift-independent Distances

There are approximately 145,000 objects in NED with a
redshift-independent distance at D< 1000 Mpc. To determine
a fiducial distance, we employ a simple decision tree that relies
on the measurement method but takes into account the
uncertainties. First, the majority of NED-LVS objects with
distances have only a single measurement (90.2%), which is set
as the fiducial value. Next, the distances for multimeasurement
objects are prioritized by the method.

Our choice to select a fiducial redshift-independent distance
based on method over uncertainty is driven by the large
diversity of methods and large relative uncertainty between
these methods. Most methods are grouped into two categories:
primary and secondary indicators. Primary indicators are
derived from standard candles or rulers, which provide distance
scales with an absolute calibration and have a high internal
accuracy, with typical uncertainties of 10% or less (e.g.,
Cepheids and masers; Ferrarese et al. 2000; Freedman &
Madore 2010). Secondary indicators in general provide more
indirect measurements requiring a zero-point tied to a
primary indicator (e.g., fundamental plane and Tully–Fisher

relationship), and typically have larger errors of ∼25% (Tully
et al. 2019). In addition, for a given object there can be multiple
measurements based on methods within an indicator group that
probe distances using different physics (Cepheid pulsations,
helium flash, etc.) making the selection of one measurement
difficult to justify. As a result, we choose to take the weighted
average of distances (using the square inverse uncertainties) for
an object within an indicator group, and favor weighted
primary over secondary values. We note here that the vast
majority (95%) of redshift-independent measurements in NED
have a published uncertainty. However, in the cases where all
measurements within the indicator group have no uncertainties,
we take a simple median as the distance considered for that
group.
For this work, we assign the following redshift-independent

methods as primary: carbon stars, Cepheids, eclipsing binaries,
GWs, horizontal branch, masers, Mira variables, red clump, RR
Lyrae, and tip of the red giant branch (TRGB). All other
methods are considered secondary here (for a full list of
methods, see Steer et al. 2017). The most common secondary
method (∼89% of all objects with a distance) is the
fundamental-plane technique for elliptical galaxies.
To assess the accuracy of the fiducial redshift-independent

values derived here, we compare our distances to those from
another large compilation of redshift-independent distances:
COSMICFLOWS-3 (hereafter CS3; Tully et al. 2019) as
tabulated by the Extragalactic Distance Database (Tully et al.
2009).14 The CS3 distances are a weighted average of multiple
methods: Cepheids, TRGB, surface brightness fluctuation,
SNIa, Tully–Fisher relation, fundamental plane, and miscella-
neous high-quality RR Lyrae, horizontal branch, eclipsing
binary, or maser measurements. This catalog contains distances
for ∼18,000 nearby galaxies, where the measurements from the
different methods are selected from various literature sources
and have been corrected to a common distance scale or zero-
point. Thus, the CS3 catalog provides an independent data set
with which to check NED-LVS for any biases inherent to
compiling distances derived from different sources and
methods.
Figure 4 shows the one-to-one comparison and the residual

scatter plot for the NED-LVS and CS3 distances, where we
have color coded the method indicators. We find good
agreement, with a median offset of 0.2 Mpc and a scatter of
∼10%. In addition, we find no obvious biases or trends with
distance. We also find no major differences when breaking the
sample into primary and secondary indicators as defined in
NED-LVS, other than the primary indicator measurements
tending to be at lower distances, as one would expect.
We do find roughly a dozen objects whose final redshift-

independent distances in NED-LVS show large differences
relative to CS3 (>100Mpc). The majority of these have only a
few measurements from different studies showing significant
discrepancies—even within the same distance method (i.e., two
fundamental-plane or SNIa distances that disagree by more
than 30%). However, these small numbers of large outliers do
not significantly affect the results of this study.
In summary, we split the NED redshift-independent

distances into those derived from primary and secondary
indicators, where we select primary distances when available
and secondary distances otherwise. A comparison with another

Figure 3. The distribution of NED-LVS across the Galactic plane, where the
color-coded histograms are the same as those in Figure 1.

14 https://edd.ifa.hawaii.edu/
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high-quality compilation of redshift-independent distances
shows good agreement.

2.2.3. Final Distances

To provide a final distance for NED-LVS, we next make a
decision between redshifts and redshift-independent distances
for objects with both types of measurements (N = 142,424).
While the vast majority of galaxies in NED-LVS have redshift
measurements, a luminosity distance computed from the
Hubble law may not be accurate for the closest galaxies. This
is especially true for galaxies at distances less than 40Mpc
(∼3000 km s−1) where peculiar velocities are typically a few
hundred kilometers per second (Watkins & Feldman 2015;
Anand et al. 2019; Lilow & Nusser 2021; Tully et al. 2023),
but can be as high as 1000 km s−1 and a significant fraction of
the observed velocity (e.g., Karachentsev et al. 2003; Anand
et al. 2018). For this reason, we choose a final distance based
on redshift-independent measurements for the nearest galaxies
when available.

However, it is not clear if redshift-independent measure-
ments will provide improved accuracy compared to redshifts at
greater distances where the Hubble flow will dominate the
observed velocity. It is also possible that the numerous

different methods used to derive redshift-independent distances
may result in increased scatter relative to redshift measure-
ments at these distances. Figure 5 shows a comparison of
distances derived from redshifts and redshift-independent
measurements, where the bottom panel shows the median
offset and scatter. Below 200Mpc we find that the primary and
secondary redshift-independent measurements show small
offsets and scatter compared to those at greater distances. We
also find that the secondary redshift-independent distances
show increasing absolute scatter past 200Mpc (though the
scatter relative to the distance is roughly 20% at most
distances), and show a systematic offset from redshift-based
distances past 400Mpc.
The objects with secondary distances past 400Mpc in

Figure 5 are dominated by fundamental-plane measurements
from a single study: Saulder et al. (2016). Their Figure 19,
using only data out to 400Mpc, shows that this offset actually
starts at ∼200Mpc, and they suggest that the systematic offset
between fundamental-plane and redshift-based distances is
likely due to environmental effects on galaxy properties (e.g.,
mass-to-light ratios are different for central and satellite

Figure 4. Comparison of redshift-independent distances between COSMIC-
FLOWS-3 and NED-LVS, where the objects with secondary distances are
shown as red, two-dimensional histograms and those with primary distances
are shown as blue circles. Top and middle: the one-to-one comparison and
residual plots, which show good agreement. Bottom: the median distance offset
between CS3 and NED-LVS, where the error bars represent the standard
deviation of distance offsets. We find good agreement with CS3 and no trends
with distance to indicate a bias in the NED-LVS values.

Figure 5. Comparison of redshift-independent distances and those derived
from redshifts in NED-LVS. Top and middle: the one-to-one comparison and
residual plots, where the objects with secondary distances are shown as red,
two-dimensional histograms and those with primary distances are shown as
blue circles. The vertical structure at ∼250 Mpc in the top two panels is the
result of an upper velocity limit in the fundamental-plane distances of Springob
et al. (2014). Bottom: the median distance offset, where the error bars represent
the standard deviation of distance offsets. Both primary and secondary redshift-
independent distances show low scatter at small distances, but secondary
measurements show an increase in scatter past 200 Mpc and a systematic offset
from redshift-based distances past 400 Mpc. Due to these issues, we use
redshift-based distances past 200 Mpc.
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galaxies; Joachimi et al. 2015). Our analysis (Figure 5)
demonstrates that this trend continues to greater distances
where the discrepancy increases to a maximum of ∼15% of the
distance at 1000Mpc. While environmental factors may have
an effect, several studies on the deviations of fundamental-
plane distances have found that more than one effect can be
present and that these effects can be difficult to disentangle
(selection effects, Malmquist bias corrections, cluster/field
environments, passive evolution, etc.; Bernardi et al. 2003;
Fernández Lorenzo et al. 2011; Saulder et al. 2013; van de
Sande et al. 2014; Joachimi et al. 2015; Singh et al. 2021).

In light of the systematic offset found in fundamental-
plane distances that make up the majority of redshift-
independent distances past 200 Mpc (98.3%), we select
redshift-based distances past 200 Mpc. We note that there
are only ∼500 objects (0.03%) with no redshifts available
past 200, in which case a secondary distance indicator must
be used to keep them in the sample (i.e., it is the only distance
available).

In addition, there are five objects with primary indicator
distances that are significantly discrepant from the redshift-
based distance. Upon further inspection, the redshifts of these
objects may be suspect, where one is a photometric redshift,
three are older measurements of objects located behind the
plane of the MW, and one comes from an H I measurement
that was given a “fair” quality flag in the source study. We
note that for these five objects our selection methods
correctly identify the more accurate primary redshift-
independent indicators.

For objects whose final distance estimate comes from a
redshift, we calculate luminosity distances assuming a Hubble
constant (H0) value of 69.6 km s−1 Mpc−1 based on local
estimates calibrated to TRGB measurements (Freedman et al.
2020; Freedman 2021) and a flat cosmology with Ωm= 0.3.
We also note here that we do not correct our redshifts for local
flow deviations for the members of galaxy clusters (e.g., the
Virgo Cluster; Kovlakas et al. 2021) since this will only affect a
small fraction of our sample. However, these corrections are
left for future work and updates to the sample.

2.3. Photometry

In this section, we describe the fluxes extracted from three
nearly all-sky surveys currently available in NED: GALEX,
2MASS, and AllWISE. Of the 1,872,654 objects in NED-LVS,
789,080 (42%), 1,481,114 (79%), and 1,649,491 (88%) have at
least one flux from the GALEX, 2MASS, and AllWISE
catalogs, respectively. We note here that the GALEX and
AllWISE fluxes for highly extended galaxies are supplemented
with custom, large-aperture fluxes that have been published for
galaxies out to 50Mpc (see Section 2.3.4).

The fluxes in each band have been corrected for MW
extinction using the Schlafly & Finkbeiner (2011) dust maps
tabulated from IRSA15 and the Fitzpatrick (1999) reddening
law. The absolute magnitude distributions of the NED-LVS
photometry is presented in Figure 6. We find that the peak and
range of these fluxes show broad agreement with other
published local Universe samples (e.g., Jones et al. 2006;
Wyder et al. 2007; Dale et al. 2009, 2017; Lee et al. 2011;
Jarrett et al. 2017).

2.3.1. GALEX – UV

There are two GALEX source catalogs that have been
integrated into NED: the All-Sky Survey Catalog (GASC) and
the Medium Imaging Survey Catalog (GMSC). The GMSC is
deeper (NUV = 23.5 mag) than GASC (NUV = 20.5 mag), but
covers a smaller area of the sky with areas of 26,300 and
5000 deg2 for GASC and GMSC, respectively. Consequently,
the GMSC catalog will provide more accurate fluxes for fainter
objects. Thus, we prioritize GMSC fluxes over those in GASC.
The fluxes for both catalogs are those measured inside a KRON
aperture. The total number of objects in NED-LVS with
GALEX photometry is 789,080, where 298,456 (38%) and
479,029 (61%) come from the GMSC and GASC catalogs,
respectively.

2.3.2. 2MASS – NIR

There are three 2MASS catalogs that have been integrated
into NED: the Large-Galaxy Atlas (2MASS-LGA; Jarrett et al.
2003), the Extended Source Catalog (2MASS-XSC; Jarrett
et al. 2000), and the Point Source Catalog (2MASS-PSC; Cutri
et al. 2012); corresponding DOIs can be found at 2MASS
Team (2020), Two-Micron All Sky Survey Science Team
(2020), and Skrutskie et al. (2003). For our purposes, it is
preferable to capture as much of an object’s flux as possible,
thus we prioritize the fluxes for over 600 of the largest galaxies
from the 2MASS-LGA catalog measured inside large, custom
apertures that span a range of 2′–30′. We assigned photometry
in the following priority order if they exist: 2MASS-LGA total
fluxes, then 2MASS-XSC total fluxes, then 2MASS-PSC fluxes
inside a 4″ aperture. The total number of objects in the final
sample with 2MASS photometry is 548 (0.04%), 1,086,368
(73%), and 394,198 (27%) from the LGA, XSC, and PSC
catalogs, respectively.

2.3.3. AllWISE – MIR

There are several flux measurements available for the four
Wide-field Infrared Survey Explorer (WISE) bands (W1 at
3.4 μm, W2 at 4.6 μm, W3 at 12 μm, and W4 at 22 μm)
integrated into NED from the AllWISE Source Catalog (Wright
et al. 2019). These were derived from relatively large apertures
(8 25, 16 5, and 22″) due to the larger point-spread function
(PSF) of WISE imaging (6 1 and 12″ for W1 and W4 filters,
respectively), as well as profile-fitted measurements. Since it is
preferable to capture as much of the object’s light as possible,
we prioritized the 22″ aperture fluxes for extended sources
while utilizing the profile-fitted fluxes for point sources. The
total number of objects in the NED-LVS catalog with AllWISE
photometry is 1,649,491, where 640,897 (39%) and 992,917
(60%) come from the larger 22″ and profile-fit apertures,
respectively.

2.3.4. Highly Extended Galaxies

While the published GALEX and AllWISE source catalogs
provide fluxes for a great many galaxies in our sample, the
photometry for the closest, most extended galaxies (d 1¢ ) is
not available in these catalogs. However, there has recently
been a significant effort by the “z= 0 Multiwavelength Galaxy
Synthesis” (z0MGS; Leroy et al. 2019) survey to provide
uniformly measured GALEX and WISE fluxes for these
galaxies in apertures appropriate for their large sizes. We15 https://irsa.ipac.caltech.edu/applications/DUST/
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utilize these fluxes for all galaxies with available
measurements.

The z0MGS survey convolved archival GALEX and WISE
imaging for ∼15,000 galaxies within 50Mpc onto maps with
common Gaussian PSFs of 7 5 for GALEX far-UV(FUV)/
near-UV (NUV) and WISE W1/W2/W3, and 15″ for WISE
W4. The photometry procedures used by the z0MGS survey
are detailed in Section 7 of Leroy et al. (2019), but we provide
a brief overview here. The images were first masked of bright
contaminating stars and background galaxies out to several
times the radius of the fiducial aperture taken from the RC3
D25 ellipses (de Vaucouleurs et al. 1991) as cataloged by the
LEDA database (Makarov et al. 2014) or 60″ (whichever was
larger), then a fitted background noise was subtracted from the
images (see also Lang 2014). Next, the fluxes were summed
inside radially binned annuli of half PSF sizes out to 2 times the
fiducial aperture radius. The sky subtraction and integration
procedure facilitated better correction for the galaxy flux
present underneath the areas of bright star contamination.
Finally, they applied an extended source correction to the
WISE fluxes since the WISE calibration was optimized for
point sources (typical corrections are a few percent). In a
comparison of z0MGS fluxes to published values from studies
using by-hand aperture definition and contamination removal
(Muñoz-Mateos et al. 2015; Dale et al. 2017; Clark et al. 2018),
Leroy et al. (2019) report good agreement in both GALEX and
WISE bands with scatter that ranges between 0.03 and 0.1 dex
in the logarithmic flux densities.

As a result of the uniformly measured photometry in custom
large apertures performed by the z0MGS survey, these data are

ideal for providing total fluxes for highly extended galaxies to
be used in estimating their completeness. To incorporate these
fluxes into our catalog, we perform a positional crossmatch
with a radius of 10″, where the closest object results in 15,548
(98.7%) matches, leaving 200 NED objects unmatched. We
then perform a name match using the NED name resolver and
match an additional 167 objects, resulting in a total match
success rate of 99.78%.
We further illustrate the need for these larger apertures in

Figure 7, where we present flux comparisons between the
values in z0MGS and those from the source catalogs available
in NED. We find that, on average, z0MGS captures 20%–35%
more flux for GALEX, while capturing 25%–60% more flux
for WISE. Consequently, we note that the source catalog fluxes
for the faintest galaxies which show upper-limit measurements
(i.e., the horizontal envelopes more prominently seen in the W4
panel of Figure 7) have detection measurements in z0MGS.
This is likely the effect of cleaner sky estimates computed in
large annuli for z0MGS, which provides more reliable fluxes
for fainter objects.

2.4. Derived Physical Properties

Here, we present the physical properties of galaxies in NED-
LVS derived from the mid-IR (MIR) fluxes, which will provide
stellar mass (Må) and SFR estimates. We note here that we
have not applied a K-correction to our fluxes when deriving
physical properties, but that future versions of NED-LVS will
incorporate such a correction. These corrections are on the
order of a few tenths of a magnitude in the near-IR (NIR) for

Figure 6. The absolute magnitude histograms of the NED-LVS sample. Upper left: GALEX NUV histogram. Upper right: 2MASS Ks histogram. Lower left: WISE
W1 histogram. Lower right: WISE W4 histogram.
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the most distant objects in our sample (Blanton &
Roweis 2007).

The stellar masses are derived from mass-to-light ratios
using W1 fluxes ( W1

¡ ). This bandpass provides a robust tracer
of a galaxy’s stellar mass, as this light is dominated by an older
stellar population that makes up the majority of a galaxy’s
stellar mass (Pahre et al. 2004; Meidt et al. 2012) and is less
affected by attenuation from dust than shorter wavelengths.
Many studies have found that a constant mass-to-light ratio
using both the Spitzer 3.6 μm and WISE W1 (3.4 μm)
bandpasses provide an accurate estimate of a galaxy’s stellar
mass with relatively low scatter (σ∼ 0.1 dex; Oh et al. 2008;
Eskew et al. 2012; Barnes et al. 2014; McGaugh &
Schombert 2014, 2015; Meidt et al. 2014; Norris et al. 2014;
Kettlety et al. 2018).

However, the values of ϒå found in these studies range from
0.3 to 0.7, which is likely due to the composition of the galaxy
samples used since NIR mass-to-light ratios are expected to
increase with the stellar population age (Bell & de Jong 2001;
Bell et al. 2003; Courteau et al. 2014). z0MGS (Leroy et al.
2019) used 16,000 nearby galaxies with large numbers of both
early- and late-type galaxies to study the effects of galaxy

properties on mass-to-light ratios by combining uniformly
measured W1 luminosities with stellar masses derived from the
more sophisticated spectral energy distribution (SED)-fitting
methods of the GALEX-SDSS-WISE Legacy Catalog
(GSWLC-2; Salim et al. 2016, 2018). This mass-to-light
comparison showed the expected range of variations in W1

¡
and that these variations correlated with specific star formation
rate (sSFR), where early-type galaxies (older stellar popula-
tions) showed higher mass-to-light ratios compared to later-
type galaxies (see also Meidt et al. 2014; Querejeta et al. 2015;
Hunt et al. 2019). The z0MGS study of Leroy et al. (2019) also
quantified a relationship between W1

¡ and an observable proxy
for sSFR (i.e., W4-to-W1 luminosity ratio) that can be used to
derive a mass-to-light ratio which broadly accounts for the
stellar population age:

Q
Q Q

Q
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where Q is the logarithmic W4-to-W1 luminosity ratio and W1
¡ is

in units of solar masses per the solar luminosity in the W1

Figure 7. A comparison of GALEX and WISE fluxes for highly extended galaxies between those taken from source catalogs available in NED vs. those derived from
the z0MGS survey. The panels show two-dimensional histograms of objects, where the color coding represents the number of objects per pixel. We find that the
z0MGS survey fluxes capture more of a galaxy’s light compared to standard catalog fluxes in the GALEX and AllWISE source catalogs. The z0MGS fluxes on
average capture ∼2 times the flux for GALEX FUV and NUV, while capturing 1.2 and 1.6 times more flux for W1 and W4, respectively. The horizontal envelopes
(more prominently seen in the W4 panel) are likely the effect of cleaner sky estimates computed in large annuli for z0MGS, which provides more reliable fluxes for
fainter objects.
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(3.4 μm) filter bandpass (me,W1 = 3.24mag, Le,W1= 1.58×
1032 erg s−1; Jarrett et al. 2013). Since we expect a mix of early-
and late-type galaxies in our sample, we utilize the mass-to-light
ratio prescription of Leroy et al. (2019).

The recent SFRs of galaxies can be estimated from many
different luminosity tracers (e.g., Hα, UV, IR, etc.), where
measured luminosities are transformed into SFRs via scaling
prescriptions (e.g., Kennicutt 1998; Kennicutt & Evans 2012).
Hybrid tracers of SFR have been proven to be powerful tools,
which combine the unobscured (UV) and obscured (by dust
and reprocessed into the IR) components of young (<100Myr)
stars to derive total SFRs (Calzetti et al. 2007; Kennicutt et al.
2007; Kennicutt & Evans 2012). While NED-LVS does
contain both UV and IR fluxes, the photometry in the sample
is limited by the relatively shallow GALEX survey limits,
where only ∼40% of our galaxies have UV detections
(compared to 85% with WISE detection).

Empirical prescriptions for IR-only luminosities (WISE W3
or W4) have also been derived that can recover the SFRs of
nearby galaxies with properties that span four to five orders of
magnitude and exhibit only moderate scatter (0.2 dex; Calzetti
et al. 2007; Jarrett et al. 2013; Cluver et al. 2017). However, the
z0MGS survey also investigated the dependence of SFR
calibration coefficients on galaxy properties and found that a
W3-based SFR shows a strong dependence on sSFR and stellar
mass due to the presence of strong polycyclic aromatic
hydrocarbon (PAH) features, suggesting that W3 is not an
ideal primary indicator for a sample of galaxies that contain
both early- and late-type galaxies (see also Cook et al. 2014).
The W4-based SFRs show some degree of dependence on
stellar mass, but this variation is much smaller than that seen in
W3 and is more similar to the variation seen in hybrid SFRs
based on FUV+W4. Additionally, we performed self-consis-
tency comparisons between IR-only and hybrid (FUV+W4)
SFRs and found that W3-based SFRs show a significant offset
of 0.35 dex compared to the more reliable hybrid, and that W4-
based values show good agreement with hybrid SFRs (median
offest of 0.03 and a scatter of 0.1 dex).

Given these limitations and the need for a consistent
estimation of physical properties, we provide the SFRs
estimated from both IR-only (W4) and the hybrid (FUV
+W4) tracers. For the hybrid tracer, we utilize the prescription
of Murphy et al. (2011) with dust corrections based on Hao
et al. (2011):

M C L LSFR yr 3.89 , 2hybrid
1

FUV W4( ) ( ) ( ) ( )n n= ´ + ´-

where C= 4.42× 10−44, and νL is the observed monochro-
matic luminosities of the FUV and W4 bands in ergs per
second. This calibration assumes solar metallicity and a Kroupa
& Weidner (2003) initial mass function (IMF). The hybrid
tracer is only calculated for objects with detections in both
FUV and W4 (N = 675,901). For the IR-only SFR, we utilize
the W4-based SFR prescriptions of Jarrett et al. (2013):

M C LSFR yr , 3W4
1

W4( ) ( )n= ´-

where C= 1.95× 10−43, and νL is the observed monochro-
matic luminosity of the W4 band in ergs per second. This
calibration assumes solar metallicity and a Kroupa & Weidner
(2003) IMF.

The SFR and stellar mass distributions of the NED-LVS
sample are presented in Figure 8. We find that the peak and

range of the NED-LVS properties show broad agreement with
those from other published local Universe samples (e.g., Salim
et al. 2007, 2016; Lee et al. 2009; Cook et al. 2014, 2019;
Jarrett et al. 2017).
To assess the accuracy of the physical properties derived

here, we compare our stellar masses and SFRs to those from
catalogs using more advanced SED-fitting methods: in this
case, GSWLC-2. This catalog contains ∼700,000 galaxies at
z< 0.3 inside the Sloan Digital Sky Survey (SDSS) footprint
(York et al. 2000), where the physical properties are derived
from UV/optical/IR Baysean SED fitting using the Code
Investigating GALaxy Emission (Noll et al. 2009; Boquien
et al. 2019). This sample contains a wide range of galaxy types
and activity from which to compare with our sample. Figure 9
shows a comparison of the galaxy physical properties between
NED-LVS and GSWLC-2. The stellar masses derived in this
paper via a simple mass-to-light ratio based on the NIR
luminosities show good agreement (median offset of −0.01
dex) with moderate scatter (0.2 dex) to the more sophisticated
SED fitting of GSWLC-2.

Figure 8. The derived physical properties of the NED-LVS sample. Top: the
recent SFRs as computed via the W4 band luminosities as per the prescriptions
of Jarrett et al. (2013). Bottom: the stellar masses as computed by mass-to-light
ratios using the W1 luminosity with a dependence on the W4-to-W1 luminosity
ratio, an observable proxy for sSFR (Leroy et al. 2019). We find that the
distributions of both mass and SFR agree with other large samples of local
Universe studies.
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The SFR comparison shows overall good agreement, but
with larger scatter, much of which is due to the cloud of points
located to the upper left of the plot (i.e., 0.5–2 dex above the
one-to-one line). The majority of these galaxies have UV-IR
or IR colors (i.e., NUV−W1 > 7, W1−W3 < 2.5, or
W1−W4 < 5.5; see Section 4.3), indicating they are early-
type galaxies with low sSFRs. A similar mismatch for low-
sSFR galaxies was also reported in Salim et al. (2016) when
comparing their SED-fitted values to those derived from
scaling relationships using MIR luminosities (see also
Kovlakas et al. 2021), where low-sSFR (SFR/Må<−11)

galaxies had higher MIR SFRs with offsets as high as 2 dex.
They attribute this discrepancy to the assumption made by
scaling relationships that the MIR emission is dominated by
dust heated by young stars. In quiescent galaxies, however, a
larger fraction of the MIR emission will come from interstellar
dust grains heated by older stars and thus overestimate the
recent SFR (Davis et al. 2014; Simonian & Martini 2017). We
note here that the SFR investigations of z0MGS also found that
even hybrid (FUV+W4) SFRs are affected by this issue, where
low-sSFR galaxies show offsets from SED-fitted values up to a
factor of 5. See Section 4.3 for a more detailed discussion.
Since the NED-LVS SFRs are derived from scaling

relationships (both hybrid and IR-only), our SFRs will be
overestimated for quiescent, early-type galaxies. Using UV-IR
and IR colors as a proxy for sSFR activity (Leroy et al. 2019)
we estimate that 47% of our galaxies will be affected to varying
degrees. These objects have been flagged (“ET_flag” set to
“True” in the catalog), and we advise caution when using the
SFRs derived here for quiescent galaxies. Improvements to our
SFR estimates are left for future work and updates to NED-
LVS (see Appendix of Leroy et al. 2019).

2.5. Catalog Availability

The first version of NED-LVS, corresponding to the analysis
in this article, will be maintained at NED (NASA/IPAC
Extragalactic Database 2023). In addition, we note that NED
regularly updates its holdings with new objects and redshifts
from survey catalogs and the literature, and future versions of
NED-LVS with updated content will also be made available on
the NED website.16

3. Results

In this section, we present the completeness estimates of the
galaxies in NED-LVS. Completeness is computed here as the
ratio of the total luminosities of galaxies in NED-LVS to the
total luminosity expected from integrating under published
galaxy LFs (Kopparapu et al. 2008; White et al. 2011; Gehrels
et al. 2016; Dálya et al. 2018; Kovlakas et al. 2021). We
provide estimates in two wavelength bands (GALEX NUV and
2MASS Ks). We note here that there does not currently exist a
published LF using WISE fluxes from which to compute
completeness, and such an estimate is left for future work when
one is published.

3.1. Methods

We compute the NED-LVS completeness by luminosity in
spherical shells with a thickness of 20Mpc out to 1 Gpc, where
we divide the sum of galaxy luminosities in each shell by the
expected luminosity density of the local Universe scaled to the
volume in that shell:

L

j V
Completeness , 4i

N
i

L

1

shell
( )=

å
´
=

where Li is the luminosity of each galaxy in the shell, Vshell is
the volume of the spherical shell, and jL is the luminosity
density. The local luminosity density can be derived from
published LFs, which are commonly fit with a Schechter
function (Schechter 1976), the functional form of which is

Figure 9. Comparison of galaxy physical properties between NED-LVS and
those from GSWLC-2 estimated with more sophisticated SED fitting. The
panels show two-dimensional histograms of objects, where the color coding
represents the number of objects per pixel. Top: SFR comparison, which shows
large scatter due to the cloud of objects to the upper left. These objects exhibit
colors consistent with early-type galaxies, where the SFRs are overestimated in
NED-LVS due to the heating of interstellar grains from older stars (see
Section 4.3). A SFR flag has been set in the catalog to identify which NED-
LVS objects are affected. Bottom: stellar mass comparisons, where we find that
simple mass-to-light ratio methods provide good agreement with the masses
derived from SED fitting, with moderate scatter of 0.2 dex.

16 http://ned.ipac.caltech.edu/NED::LVS/
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described by three parameters: f*, the normalization factor, L*

the characteristic luminosity (or “knee”), and α the faint-end
power-law slope. Integration of the Schechter function over all
luminosities yields the total luminosity density (in solar units of
LeMpc−3) and can be calculated from the Schechter
parameters analytically via

j L L dL L 2 , 5L
0

( ) ( ) ( )* *ò f a= F = G +
¥

where Γ is the gamma function. We note here that the
characteristic luminosity is often quoted as an absolute
magnitude (M*), which can be converted to a luminosity via

 L L 10 , 6M M0.4 , ( )( )* *= - -l l

where Me,λ is the absolute magnitude of the Sun in a given
filter. In this study, we adopt the following solar absolute
magnitudes: NUV = 10.16 (AB) and Ks = 3.27 (Vega)mag
(Willmer 2018). We use the PYTHON package COSMOLOPY17

to calculate the luminosity densities from published Schechter
functions in different filters.

The uncertainties in our completeness estimates are derived
by combining in quadrature the uncertainties from both galaxy
fluxes and distance, where we also add an extra 10%
uncertainty on each galaxy’s luminosity to account for
systematic uncertainties (e.g., calibration; Gil de Paz et al.
2007; Dale et al. 2009; Jarrett et al. 2011). In addition, we also
take into account the uncertainties related to the Schechter LF
parameters and those associated with the number of galaxies
and the distribution of luminosities in each bin.

To account for the uncertainties associated with the
distribution of luminosities and number of objects in each
distance bin, we perform a resampling of the entire NED-LVS
via the “bootstrap” method (Efron & Tibshirani 1986). We
sample the full set of NED-LVS objects in each of the 10,000
iterations allowing for multiple draws of objects, where for
each iteration we bin the resulting objects by distance and
measure the total luminosity in each bin. The resulting interval
holding the middle 68.3% of total luminosities across the
iterations (i.e., the interval between the 16th and 84th
percentiles) is taken as the 1σ confidence interval. The
uncertainties derived from this bootstrap method account for
a few percent in the closest bins but decreases for bins with
higher counts.

To quantify the total luminosity error from the LF
parameters, we randomly sample all three Schechter function
parameters in 10,000 iterations assuming the published values
and errors are the mean and sigma of a normal distribution, and
then calculate the total luminosity density via Equation (5) for
each iteration. The resulting middle 68.3% of total luminosities
across the iterations (i.e., the 16th and 84th percentiles) are
again taken as the 1σ confidence interval. We find that the
errors associated with the LF parameters contribute the
majority of the error budget (i.e., >90%–95%). In other words,
the uncertainty in our knowledge of the galaxy luminosity
density dominates over the measurement uncertainties of the
galaxies in our sample.

While the general methodology used here is the same as that
used by previous studies of galaxy completeness estimates,
there is a difference in how the luminosity density is

determined. In this study, we integrate the LF over all
luminosities to obtain a total luminosity density, while some
previous studies (Gehrels et al. 2016; Dálya et al. 2018) have
computed completeness down to ∼60% of the “knee” of the LF
(i.e., 0.626× L*; Gehrels et al. 2016). Estimating completeness
in this fashion will act to shift completeness to higher values as
only the higher-luminosity galaxies (which are more likely to
be cataloged and to have a redshift measurement) are used in
the numerator, and only half of the total luminosity is used as
the denominator. In addition, Gehrels et al. (2016) reported that
this luminosity cut captures only half of the short-duration
gamma-ray burst (sGRB) host galaxies known at the time.
Given these caveats and limitations, we conclude that a
completeness calculation relative to the total luminosity density
more accurately reflects the true completeness of galaxies in the
local Universe and is a more suitable metric to guide follow-up
efforts for multimessenger and transient events. We note here
that our completeness level comparisons with previous galaxy
catalogs (see Section 4.1) have been recomputed from their raw
catalogs in a consistent manner using the total luminosity
density. Thus, our completeness estimates for other catalogs
will have lower values compared to those reported in their
respective publications.

3.2. Comparisons of Published Luminosity Functions

In order to estimate completeness for NED-LVS relative to
the total luminosity density, we have identified LFs from the
literature that are appropriate for the local Universe and
selected a fiducial LF for each filter to estimate our final
completeness. Identification of LFs is based upon the properties
of the galaxy sample used to derive their parameters with the
following criteria: have a large enough number of galaxies to
provide adequate sampling of properties found in the local
Universe and robust constraints on the LF parameters; have
secure (preferably spectroscopic) redshifts for the galaxies that
probe the local Universe (i.e., out to a few tenths in redshift);
and probe a large enough volume to overcome cosmic variance
(Driver & Robotham 2010). The past few decades have given
rise to several galaxy LF studies (Johnston 2011, and
references therein), many of which meet our criteria. The
Schechter LF parameters and galaxy sample properties
identified as appropriate to derive the luminosity densities in
each band are presented in Table 2.
In the NUV filter, there is only one published LF study that

meets our local Universe criteria. We adopt the LF derived in
Wyder et al. (2005), which combined fluxes from the GALEX all-
sky Imaging Survey with the Two-Degree Field Galaxy Redshift
Survey (2dFGRS; Colless et al. 2001). This study used ∼1000
galaxies with z< 0.1 in 57 deg2 on the sky. They removed objects
outside the NUV range of 17–20mag, where the brighter galaxies
were removed to avoid photometry issues with highly extended
galaxies and fainter galaxies suffered from redshift incomplete-
ness. The final list of galaxies had >80% redshift completeness.
The total luminosity density calculated from the LF parameters is
jNUV= 1.40× 109 LNUV,e Mpc−3 (assuming MNUV,e= 10.14
and LNUV,e= 3.749 × 1016 erg s−1 Hz−1;Willmer 2018). We
note that these values are derived assuming a H0 value of
70 km s−1Mpc−1, and we have scaled them to the Hubble
constant assumed in this study.
In the Ks filter, there are six LFs derived from galaxy samples

that meet our local Universe criteria: Cole et al. (2001),
Kochanek et al. (2001), Bell et al. (2003), Jones et al. (2006),17 https://pypi.org/project/cosmolopy/
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Smith et al. (2009), and Hill et al. (2010). To choose our fiducial
Ks-band LF, a secondary selection criterion is applied: the range
of absolute magnitudes used to fit their Schechter functions. The
most extreme luminosity ends of the fitted data can have
significant effects on the derived LF parameters, and conse-
quently on the total luminosity density measured, which vary by
20%–30% for the LFs under consideration (see Figure 5 in Hill
et al. 2010 for a visual comparison). We adopt the Jones et al.
(2006) LF parameters, which were derived with the largest range
of luminosities (−17.6<MKs<−27.4) among the other Ks-
band LFs, and also contains the largest number of galaxies and
covers the largest area. The galaxy sample was constructed from
a combination of the 2MASS-XSC source catalog and the 6dF
Galaxy Survey (6dFGS; Jones et al. 2006, 2009) with spectro-
scopic redshifts. The total luminosity density calculated from the
LF parameters is jKs= 5.81× 108 hLKs,e Mpc−3 (assuming
MKs,e= 3.27 and LKs,e= 3.926 × 1018 erg s−1 Hz−1;Willmer
2018).

We note here that there does not currently exist a W1 LF
published in the literature from which to compute complete-
ness. It is reasonable to estimate that our completeness relative
to the W1 fluxes would be increased based on the number of
objects with W1 detections (88%) compared to either GALEX
(40%) or 2MASS (70%). However, the increase in complete-
ness may only be modest as many of the galaxies with WISE
detections over the other survey are likely to be fainter objects
without viable distance estimates. An update to the NED-LVS
completeness estimates relative to W1 is left for future work
when W1 galaxy LF is published.

3.3. Completeness Estimates

Figure 10 shows the completeness of NED-LVS in two
bands: GALEX NUV and 2MASS Ks. The galaxies in NED-
LVS show nearly 100% completeness (within the uncertainties)
below 30Mpc in both bands, which is to be expected as many
of the galaxies in this distance range likely have a distance
measurement.

Past 30Mpc, we find that the NIR band continues to show
moderate completeness levels at 70% out to 300Mpc, and then
gradually decreases to a few percent at 1 Gpc. In the NUV

band, we find completeness levels that drop from 65% at
20Mpc to 25% at 100Mpc, then gradually decline to 15% at
300Mpc and under 1% at 1 Gpc. The significantly lower
completeness in the NUV band can largely be attributed to the
lower sensitivity of the GALEX survey compared to 2MASS
and WISE relative to typical galaxy SEDs, where the fraction
of sources with GALEX NUV fluxes is roughly half compared
to the sources with NIR fluxes (NNUV/NNIR = 55% and 47%
relative to Ks and W1, respectively).
We also find a plateau of completeness at 70% in the NIR

band between 100 and 300Mpc. A flat completeness level over
such a large distance range implies that the number of objects
in our sample should increase with redshifts at a rate to match
the growth expected by the increased volume in a shell
(N∝D2). However, we measure a linear number growth
(N∝D) out to 300Mpc (bottom panel of Figure 10), which
implies that there are fewer galaxies in our sample than
expected given the simple assumption of constant number
density. A plausible explanation for this behavior is that our
sample contains the brightest galaxies, which dominate the total
luminosity, but is missing the fainter galaxies, which are
dominant by number. Thus, our total luminosity ratio
completeness remains constant, but the number of galaxies in
each distance shell shows a deficit due to incompleteness in
available redshifts.
We can test this hypothesis by recomputing completeness

down to a range of luminosity limits and examine how the
completeness levels and number growth changes. In this
experiment, we use the same methodology described in
Section 3.1, but only consider galaxies with luminosities
greater than a given limit and integrate the Schechter LF down
to this same limit. The luminosity density constrained above a
given luminosity can be calculated analytically by the
following equation:

j L L dL L L L2, , 7L
L

lim
lim

( ) ( ) ( )* * *ò f a= F = G +
¥

where Llim is the limit down to which the LF is integrated, and
Γ is the incomplete gamma function. We calculated complete-
ness levels and fit power-law functions to the distance

Table 2
A List of Published Galaxy Luminosity Functions under Consideration to Calculate the Local Universe Luminosity Density, Which Is Used as the Normalization in

Our Completeness Estimates

Comparison of Published Luminosity Functions

Publication Filter α få M h5 log ( )- N Area Redshift Abs Mag
(h3 Mpc−3) (mag) Galaxies (deg2) Range

Wyder et al. (2005) NUV −1.16 ± 0.07 0.0050 ± 0.0115† −18.23 ± 0.11† 1124 56.73 <0.1 [−12.00, −20.00]
Cole et al. (2001) Ks −0.96 ± 0.04 0.0108 ± 0.0016 −23.44 ± 0.02 5683 619.0 <0.2 [−18.00, −26.00]
Kochanek et al. (2001) Ks −1.09 ± 0.06 0.0116 ± 0.0010 −23.39 ± 0.05 3878 6969.0 <0.1 [−20.25, −26.00]
Bell et al. (2003) Ks −0.77 ± 0.04 0.0143 ± 0.0007 −23.29 ± 0.05 6282 414.0 <0.078> [−20.25, −26.00]
Jones et al. (2006) Ks −1.16 ± 0.03 0.0074 ± 0.0010 −23.83 ± 0.03 60869 9075.0 <0.2 [−17.60, −27.40]
Smith et al. (2009) Ks −0.81 ± 0.04 0.0176 ± 0.0008 −23.17 ± 0.04 36663 619.0 <0.3 [−20.00, −25.60]
Hill et al. (2010) Ks −0.96 ± 0.06 0.0156 ± 0.0015 −23.36 ± 0.09 1785 27.99 <0.1 [−18.25, −25.30]

Notes. To the best of our knowledge, we list all studies of the local Universe (z  0.3) with large galaxy samples (N  1000) covering large areas (10s square
degrees). For each study, this table presents the photometry filter used, the fitted Schechter LF parameters, the number of galaxies in the sample, the survey area, the
redshift range probed, and the range in absolute magnitude of the data points used to fit the LF. There is only one suitable study in the NUV, while there are six studies
available in the Ks band. We select the Jones et al. (2006) LF study as it contains the largest number of galaxies, covers the largest area, and has the largest range of
data points used to fit their data. We note that most studies of LFs scale their parameters with “h” (H0 = 100 h km s−1 Mpc−1). The “†” indicates LF parameters that
have not been scaled with “h,” and the parameters reflect an assumed H0 value of 70 km s−1 Mpc−1 (similar to the values assumed in this study).
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histogram for subsamples of NED-LVS with limits between 0.1
and 2× L*. Figure 11 shows the results for Llim = 1× L*,
where we find that NED-LVS is ∼100% complete at distances
out to ∼400Mpc (a few bins left of the peak of the distance
histogram) and the number of galaxies grows as D2 for galaxies
above the “knee” of the LF. These results suggest that our
hypothesis of missing faint galaxies by number is correct, but
still recovers the majority of the total luminosity. The total
luminosity densities calculated from the LF parameters down to
L* is jKs= 1.75× 108 hLKs,e Mpc−3 and jNUV= 4.18×
108 LNUV,e Mpc−3 for Ks and NUV, respectively.

The result that NED-LVS is nearly 100% complete for L*

galaxies and brighter out to ∼400Mpc can be verified by
examining completeness estimates by number. To make this
estimate, we compare the NED-LVS luminosity histograms to
the expected number of objects from the published Schechter
LFs in the distance bins studied here. The details of this
comparison are presented in Appendix B, where Figure 15
shows the luminosity histograms in distance bins between 0
and 500Mpc. We find that the number of NED-LVS objects
with luminosities at L* and above meets the expected number
under the LF at distances in and below the 380–400Mpc bin,
but begins to significantly diverge at distances past this bin.
Thus, we can confirm that NED-LVS is nearly 100% complete
by number for galaxies at L* and brighter out to ∼400Mpc.

4. Discussion

In this section, we compare the properties and completeness
estimates of NED-LVS to previously published galaxy catalogs
with distance limits of 200Mpc or greater that are suitable for
use in future LVK observing runs (i.e., O4 and O5). We also
highlight the science use cases for NED-LVS and discuss the
limitations of our sample and completeness estimates.

4.1. Comparison to Other Local Galaxy Samples

There are two publicly available catalogs that we utilize for
comparison: GLADE and HECATE. The basic properties of
each catalog in the appropriate distance ranges (due to the
different limits of each catalog) are given in Table 3.
The GLADE catalog was constructed by crossmatching

HyperLEDA, 2MASS-XSC, GWGC, the 2MASS Photometric
Redshift (2MPZ; Bilicki et al. 2014) catalog, and the SDSS
Data Release 12 (DR12) quasar catalog (Pâris et al. 2017),
which results in 3.26 million objects with no explicit limits on
distance. The basic properties provided in GLADE include
names, positions, distances, and fluxes in the optical B and
2MASS NIR bands. GLADE did not derive physical properties
for the galaxies in their catalog.
A direct comparison between GLADE and NED-LVS in the

same distance range (D< 1 Gpc) reveals that NED-LVS
contains ∼10% more galaxies by number: N(GLADE) = 1.7

Figure 10. Top: the completeness of the NED-LVS catalog as defined by the fraction of luminosity in available bands from 2MASS Ks (orange) and GALEX NUV
(cyan) to the total luminosity derived from published LFs; the NUV is from Wyder et al. (2005) and the Ks from Jones et al. (2006). We find that NED-LVS in the NIR
is highly complete at distances less than 30 Mpc and remains moderately (70%) complete out to 300 Mpc. We also find that NED-LVS is less complete in the UV
filters. The completeness of NED-LVS drops slowly past 300 Mpc to ∼1% at 1000 Mpc. Bottom: the distance histograms ofNED-LVS, GLADE, and HECATE. The
number growth for NED-LVS rises linearly as quantified by a power-law fit to the data out to the peak of the histogram at D ∼ 350 Mpc (N ∝ D1).
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million and N(NED-LVS) = 1.9 million. We also estimate the
completeness by total luminosity for both NED-LVS and
GLADE with identical methods and in the same Ks-band filter
(see Section 3.1). The dashed line in Figure 10 shows the

GLADE completeness recomputed from their publicly avail-
able catalog relative to the total luminosity density, rather than
down to 0.626× L

*

as computed in Dálya et al. (2018). Below
30Mpc, both samples are roughly 100% complete, but NED-
LVS is 10%–15% more complete between 40 and 600Mpc.
Both GLADE and NED-LVS contain 2MASS fluxes in the

J, H, and Ks bands, while NED-LVS contains GALEX FUV
and NUV fluxes but is missing optical fluxes. While the NIR
fluxes from both samples cover the whole sky, there is likely a
significant fraction of GLADE sources missing NIR photo-
metry since the GLADE catalog only contains 2MASS-XSC
fluxes. NED-LVS, on the other hand, uses an aperture-
prioritized selection of fluxes from three 2MASS source
catalogs, where ∼25% of our objects with NIR fluxes are
derived from 2MASS catalogs not used by GLADE (2MASS-
PSC or the larger-aperture 2MASS-LGA). Using the LGA and
PSC fluxes in NED for GLADE objects that are missing
2MASS fluxes, we can compute the fraction of missing
luminosity in our 20Mpc distance bins relative to the total
luminosity under the Schechter function (i.e., the percent
luminosity completeness that is missing). We find that the
absence of the fluxes from the LGA/PSC catalogs contributes
to roughly half of the higher completeness levels exhibited by
NED relative to GLADE in the Ks band. This suggests that
GLADE’s lower completeness estimates must be due in part to
objects with missing redshifts, not just missing fluxes.

Figure 11. Top: the completeness of the NED-LVS catalog as computed above L* > in the 2MASS Ks (orange) and GALEX NUV (cyan) bands. Bottom: the distance
histogram of NED-LVS. We find that NED-LVS in the NIR band is roughly 100% complete for L* and brighter galaxies out to ∼400 Mpc, and that the number
growth of galaxies matches the rate expected by the increased volume in a spherical shell (N ∝ D2).

Table 3
A Comparison of the Total Number of Objects in NED-LVS, HECATE, and

GLADE along with the Fraction ( f ) of Objects with Basic Properties

Comparison of Galaxy Catalogs

HECATE NED-LVS GLADE NED-LVS
(D < 200 Mpc) (D < 200 Mpc) (D < 1000 Mpc) (D < 1000 Mpc)

N (Total) 204,733 268,514 1,703,812 1,872,544
f (GALEX) 0.0% 49.7% 0.0% 42.1%
f (B band) 90.6% 0.0% 89.4% 0.0%
f (SDSS) 60.4% 0.0% 0.0% 0.0%
f (2MASS) 70.1% 66.6% 57.4% 79.1%
f (WISE) 60.1% 76.9% 0.0% 88.1%
f (IRAS) 9.6% 0.0% 0.0% 0.0%
f (Må) 46.0% 76.8% 0.0% 88.0%
f (SFR) 65.0% 76.9% 0.0% 88.1%

Notes. We present these properties out to two distances corresponding to the limits
imposed by HECATE (D < 200 Mpc) and NED-LVS (D < 1000 Mpc). The basic
properties in this table are as follows: UV fluxes (GALEX), optical fluxes (B band and
SDSS bands), NIR fluxes (2MASS), MIR fluxes (WISE), FIR fluxes (IRAS), and physical
properties (stellar masses and SFRs). We find that NED-LVS has 32% and 10% more
objects than HECATE and GLADE in the 200 Mpc and 1000 Mpc distances, respectively.
In addition, NED-LVS has 17% more objects with WISE fluxes (and similarly physical
properties) than HECATE, and 15% more objects with 2MASS fluxes than GLADE.
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The HECATE catalog uses galaxies from HyperLEDA as the
basis of their sample, which contains 204,733 objects at
distances of less than 200Mpc. These galaxies are subse-
quently crossmatched to the SDSS DR12 photometric catalog,
various IRAS catalogs (Sanders et al. 2003; Wang et al. 2014),
a catalog of forced photometry on unWISE images inside
SDSS apertures (Lang et al. 2016), 2MASS (LGA, XSC, and
PSC catalogs), and GSWLC-2 physical properties (stellar mass,
SFR, and metallicity) derived from SED fitting (Salim et al.
2018). The basic properties provided in HECATE include
names, positions, distances, fluxes in the optical (HyperLEDA-
collected UBVI and SDSS ugriz), NIR (2MASS J, H, and Ks
bands), MIR (WISE W1−W4), and far-IR (FIR; IRAS 12, 25,
60, and 100 μm), and physical galaxy properties (stellar mass,
SFR, and metallicity). HECATE also derives additional stellar
masses and SFRs based on scaling relations similar to
NED-LVS.

A direct comparison between HECATE and NED-LVS
reveals that NED-LVS contains ∼30% more galaxies by
number inside 200Mpc: N(HECATE)∼ 200k and N(NED-
LVS)∼ 270k (Table 3). We also estimate the completeness by
total luminosity for both NED-LVS and HECATE with
identical methods and in the Ks-band filter (for comparison
across all three catalogs). The dotted line in Figure 10 shows
the HECATE completeness recomputed from their publicly
available catalog relative to the total luminosity density.
HECATE shows similarly high completeness levels to NED-
LVS below 80Mpc by luminosity; however, NED-LVS is
10%–20% more complete between 80 and 200Mpc.

Both HECATE and NED-LVS contain 2MASS (J, H, and
Ks) and WISE (W1−W4) fluxes, while NED-LVS contains
GALEX FUV and NUV fluxes but is missing optical and IRAS
fluxes. The 2MASS fluxes in both catalogs are chosen with
similar prioritization of the same source catalogs, thus both
catalogs should have similar NIR fluxes. However, there is
likely to be a significant difference in sky coverage for the
WISE fluxes. The HECATE survey incorporated WISE fluxes
only for sources with apertures defined from SDSS (i.e., only
within the SDSS footprint). Conversely, NED-LVS incorpo-
rates fluxes from the AllWISE catalog with sources from the
entire sky. A consequence of the SDSS footprint constraint is
that the HECATE WISE fluxes will be absent for around three-
quarters of the sky. A caveat to the AllWISE fluxes used in
NED-LVS is the lack of an extended, elliptical aperture.
However, we mitigate this issue by prioritizing WISE fluxes
from the z0MGS catalog, which measured fluxes inside large,
custom apertures for the largest galaxies within ∼50Mpc and
utilized the largest circular apertures (22″) when available.

HECATE has also compiled and computed physical proper-
ties for their galaxy sample. These properties include stellar
masses, SFRs, and metallicities derived from SED fitting and
SDSS spectra for sources within the SDSS footprint. A major
limitation of these properties is the restriction to the SDSS
footprint, which only covers around a quarter of the sky. In
addition, stellar masses and SFRs are also computed from
luminosity scaling relationships, which should help to alleviate
the HECATE sky restrictions on physical properties. However,
these properties also have caveats associated with them.
HECATE stellar mass estimates are derived from the 2MASS
Ks band (Bell et al. 2003), where the fainter survey limits of
2MASS (compared to WISE) will result in a reduced number of
galaxies with stellar masses (46%) compared to the NED-LVS

masses derived from WISE fluxes (77% out to 200Mpc). The
HECATE SFRs are computed from a variety of luminosities:
WISE (W3 and W4) and IRAS (60 μm, FIR and total IR).
While the IRAS-based SFRs span the entire sky, these catalogs
were limited to brighter objects and only account for ∼10% of
the HECATE sample. The WISE-based SFRs of HECATE add
values for fainter objects, but these are confined to the SDSS
footprint, resulting in only ∼40% of HECATE objects with a
WISE-based SFR. HECATE also provides a best-available
SFR, labeled as “homogenized,” which totals 65% of the
catalog. In comparison, ∼77% of the galaxies in the NED-LVS
have a SFR (within the distance limit of HECATE of
200Mpc).
In summary, while these other catalogs have unique aspects,

NED-LVS is more complete by number than both GLADE and
HECATE by 10% and 30%, respectively, in the appropriate
limiting distance. All three catalogs contain fluxes in several
filters, where only 2MASS measurements are common to all
three. Compared to the other catalogs, NED-LVS is missing the
optical B band due to the lack of homogeneous, all-sky optical
surveys, but neither GLADE nor HECATE contain GALEX
UV fluxes. When comparing the completeness of the three
catalogs relative to the total Ks-band luminosity density
computed with the same methods, all three approach 100%
completeness below 30Mpc. At distances beyond ∼80Mpc,
NED-LVS is more complete than both GLADE and HECATE
(limited to 200Mpc) by ∼10%–20%. Both NED-LVS and
HECATE provide derived physical properties (e.g., stellar mass
and SFR), which are useful for prioritising GW follow-up
targets. However, only ∼46% and ∼65% of the HECATE
galaxies have stellar mass and SFR estimates (largely limited to
the SDSS footprint), respectively, whereas NED-LVS derives
physical properties from all-sky GALEX and WISE fluxes,
resulting in ∼88% of galaxies having both a SFR and stellar
mass out to 1000Mpc.

4.2. Science Use Cases

We anticipate that NED-LVS will be a valuable resource for
the community to use in many areas of astrophysical research
(star formation, galaxy evolution, etc.). In this section, we
focus on facilitating the rapid follow-up to GW events and on
studies of large-scale structure (LSS) where a more thorough
understanding of the variation of redshift completeness across
the sky is required.

4.2.1. Host Galaxies to Multimessenger Events

Finding the EM counterpart, or kilonova, to GW events
requires a rapid response from a well-organized astronomical
community (e.g., ENGRAVE, Ackley et al. 2020; GOTO,
Gompertz et al. 2020; GRANDMA, Antier et al. 2020;
GROWTH, Coughlin et al. 2019a; MASTER-NET, Lipunov
et al. 2010; and others), where coordinated follow-up
observations probing multiple wavelength regimes are needed
to correctly identify the kilonova signature from BNS events
(Abbott et al. 2017b) and possibly NSBH events (Krüger &
Foucart 2020; Zhu et al. 2020). Since the discovery of the
kilonova for GW170817, no further kilonovae have been
found.
A recent analysis of the events during the O3 run by Petrov

et al. (2022) shows that improvements to the data analysis by
LVK gave rise to the detections of events with weaker signals,
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which resulted in larger than expected sky localization areas
(median areas of ∼2000 deg2 for BNS and NSBH events) and
greater distances (median distances of 175 and 340Mpc for
BNS and NSBH events, respectively). Utilizing these new
detection sensitivities, Petrov et al. (2022) also made predic-
tions for future GW events, where the median sky areas for
both O4 and O5 will continue to be greater than 1000 deg2, and
that the median distances are likely to be 350 and 620Mpc
during O4 for BNS and NSBH events, respectively. These
large areas and distances illustrate the need for continued
optimization of follow-up strategies.

Incorporating galaxy catalogs with up-to-date data into
follow-up strategies can aid in kilonova searches. In addition to
reducing the search effort (by either number of targets or time
of observations), a galaxy-targeted approach can increase
efficiency via weeding out background and foreground
transient contamination (Kasliwal & Nissanke 2014; Andreoni
et al. 2020), optimizing tiling strategies (Antolini et al. 2017;
Arcavi et al. 2017b; Coughlin et al. 2019b; Rana &
Mooley 2019; Ducoin et al. 2020), and prioritizing the galaxies
by observed or derived properties (Arcavi et al. 2017b; Ducoin
et al. 2020; Kovlakas et al. 2021). In this discussion, we focus
on galaxy-targeted prioritization strategies.

Coulter et al. (2017) used a galaxy-targeted approach to find
the kilonova of GW170817 in the nearby galaxy NGC 4993.
Using information from NED, they found a total of 49 galaxies
in the 90% probability volume (including the distance
probability), and used optical B-band luminosity (a combina-
tion of stellar mass and SFR; Phinney 1991) to prioritize their
list, where NGC 4993 was ranked #12. The kilonova was later
found within 11 hr of the event’s alert. However, with a sample
size of just one kilonova host galaxy, it is not yet clear what
galaxy property, or properties, best track the merger rate of
BNS events.

To first order, the merger rate of BNS events is a
combination of the host-galaxy’s star formation history and
the delay time to the merger event, where short merger delay
times suggest that BNS events will happen in high-SFR
galaxies and long delay times would occur in high-mass
galaxies (Adhikari et al. 2020). Using the only host galaxy
known to date, several studies have found that NGC 4993 (with
a high stellar mass and low SFR) is consistent with a merger
delay time of >1 Gyr (e.g., Levan et al. 2017; Pan et al. 2017;
Belczynski et al. 2018; Adhikari et al. 2020). Hence, many
previous prioritization strategies have used mass and SFR.
However, another galaxy property that inversely correlates with
the age of the stellar population is sSFR (Salim et al. 2007;
Rowlands et al. 2012; Kannappan et al. 2013; Guo et al. 2019),
which is effectively a joint probability metric on stellar mass
and SFR that may better track the BNS merger rate. Here, we
use NED-LVS to test which properties (Må, SFR, or sSFR)
provide higher rankings of the known host galaxy inside the
GW170817 sky localization.

We crossmatch, in three dimensions, the NED-LVS galaxies
with the BAYESTAR (Singer et al. 2016) sky localization of
GW170817, which has a 90% probability area of 31 deg2 and a
distance of 40± 8Mpc. We utilize the CROSSMATCH function
in the PYTHON package ligo.skymap18 to compute the
probability density (per volume, PV) for each galaxy, resulting
in 46 galaxies in the 90% probability event volume (Singer

et al. 2016). We then use the following formalism to “grade”
galaxies by different physical properties (Arcavi et al. 2017b;
Ducoin et al. 2020); for example, the grade using stellar mass
(PM) is

P
M

M
, 8M

,galaxy

,galaxy




 ( )=

å

where the denominator is the sum of stellar mass of galaxies in
the event’s two-dimensional probability and whose distances
fall within 3σ of the event’s distance error (Ducoin et al. 2020).
We note here that we require lower sSFR values to have higher
marginalized probabilities since it is inversely proportional to
stellar population age, and consequently we use the inverse
(sSFR−1), which is a timescale quantity with units of years, to
calculate this probability. We can then combine the galaxy
property grades with the three-dimensional probabilities of the
galaxy’s locations to derive a total combined probability:

P P P , 9Vtot property ( )= ´

where Pproperty is the grade of the galaxy based on one of three
physical properties examined in this study: PM, PSFR, or
PsSFR 1- . We then rank the galaxies by sorting their combined
probabilities.
We present the results in Table 4, where we show the top 10

galaxies when sorting by the total probabilities for each of the
three properties. We find that NGC 4993 ranks high on the list
when sorted by stellar mass (at #6) and sSFR (at #3), but SFR
puts the correct host in the middle of the list (at #24).
While a validation of NED-LVS galaxies and rankings in the

final sky localization of GW170817 is a useful exercise, the
localizations in the upcoming O4 run will be larger and a
validation to such events would be more revealing. Following
the test performed by Ducoin et al. (2020), we crossmatch
NED-LVS with the larger BAYESTAR sky localization of
GW170817 where the Virgo detector constraints were not
applied. This localization has a 90% probability area of
187 deg2 with a distance of 34± 9Mpc. We find 207 galaxies
in the 90% probability event volume, where NGC 4993
continues to rank in the top 10 by stellar mass (at #9) and
sSFR (at#9) but ranks low by SFR (at#53). Thus, prioritizing
by stellar mass and sSFR continues to perform well even when
larger numbers of galaxies are present in the event’s volume.
Our rankings by stellar mass are in broad agreement with the

rankings of HECATE (Kovlakas et al. 2021) and MAN-
GROVE (Ducoin et al. 2020). In addition, the low ranking of
NGC 4993 by SFR in combination of the high ranking by mass
provides supporting evidence that longer delay times trace BNS
merger event rates. It is interesting to note that the ranking of
NGC 4993 by sSFR performs just as well as stellar mass since
sSFR correlates with the age of the stellar population, a
property closely tied to theoretical predictions of BNS merger
rates. A caveat with the rankings provided here by sSFR is the
SFRs used (scaling relations from WISE luminosities), which
can be overestimated in early-type galaxies (see Section 2.4).
However, by simply sorting the galaxies by observable sSFR
proxies (NUV−W1 and W1−W4 colors) to mitigate this
issue, we find that NGC 4993 ranks in the top 3 and top 6 by
color for the updated and initial sky maps, respectively. A
study on the prioritization of galaxy lists by more direct stellar
population age measurements, e.g., depth of the 4000Å break18 https://lscsoft.docs.ligo.org/ligo.skymap/postprocess/crossmatch.html
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(DN4000), the EW of Balmer lines, and sSFR color proxies, is
encouraged.

Another aspect of kilonova searches that is of significant
importance is the need for rapid follow-up observations. While
the fast-fading optical transient (1 mag per day; Arcavi et al.
2017a) to the GW170817 kilonova was found within half a
day, the even faster fading UV component that can shed light
on the merger pathways and dynamics (Metzger et al. 2015)
was not observed in time. To help mitigate rapid response
barriers, NED has developed a gravitational-wave follow-up
service (NED-GWF).19 This service continuously listens for
GW event alerts on the Gamma-ray Coordination Network,20

automatically downloads each GW event’s Hierarchical Equal
Area isoLatitude Pixelization (i.e., HEALpix; Górski et al.
2005) sky map, and crossmatches to the latest version of

NED-LVS to produce a web page for each event with the
following: basic information on the GW event, an all-sky
image of the probability contours and locations of the galaxies
in the event’s volume, a link to download the entire galaxy list
in the volume, and a list of the top 20 galaxies sorted by galaxy
properties. There is also an API function for automatic
downloads of the galaxy lists.21 All of these tasks are
automated and take, on average, a few minutes from the time
of the alert to publishing to the website. This service is open to
the public and can be used by anyone in the world to search for
the kilonova counterparts to GW events.
While NED-LVS (and subsequently NED-GWF) can be

used to increase the efficiency of GW follow-up efforts, there is
a potential for galaxy-targeted strategies to be applied to other
multimessenger events, such as high-energy neutrino events
(e.g., Stein et al. 2021) or poorly localized transient events

Table 4
The Top 10 Galaxies Prioritized by Physical Propertiesinside Two Sky Localizations for GW170817

Galaxy Lists in GW170817 Sky Localizations

Final Sky Map (31 deg2) Sky Map without Virgo (187 deg2)

Galaxy Rank P PM V ´ Galaxy Rank P PM V ´

NGC 4763 1 4.34e-02 NGC 5061 1 5.03e-02
NGC 4970 2 3.08e-02 NGC 4763 2 2.13e-02
NGC 4830 3 2.83e-02 NGC 5114 3 1.87e-02
IC 4197 4 2.26e-02 NGC 3976 4 1.65e-02
IC 4180 5 2.07e-02 NGC 4970 5 1.64e-02
NGC 4993 6 1.81e-02 NGC 4830 6 1.58e-02
MCG−02-33-036 7 1.56e-02 NGC 5967 7 1.43e-02
NGC 4968 8 1.30e-02 IC 4197 8 1.30e-02
ESO 508- G 033 9 8.67e-03 NGC 4993 9 1.18e-02
ESO 575- G 029 10 8.37e-03 IC 4180 10 1.10e-02

Galaxy Rank PSFR × PV Galaxy Rank PSFR × PV

NGC 4968 1 1.12e-01 NGC 4968 1 8.03e-02
ESO 508- G 033 2 6.59e-02 ESO 508- G 033 2 3.86e-02
NGC 4763 3 4.05e-02 NGC 4763 3 2.58e-02
MCG−02-33-036 4 6.01e-03 NGC 2782 4 2.55e-02
ESO 575- G 029 5 5.96e-03 NGC 5967 5 2.55e-02
IC 4180 6 5.91e-03 NGC 3810 6 2.21e-02
UGCA 331 7 5.53e-03 NGC 3976 7 1.90e-02
ESO 508- G 019 8 5.36e-03 NGC 4123 8 1.88e-02
ESO 508- G 003 9 3.28e-03 NGC 4658 9 1.02e-02
ESO 508- G 010 10 3.14e-03 NGC 3686 10 8.84e-03
NGC 4993 24 8.16e-04 NGC 4993 53 6.86e-04

Galaxy Rank P PVsSFR 1 ´- Galaxy Rank P PVsSFR 1 ´-

NGC 4970 1 5.12e-02 NGC 4970 1 4.34e-02
NGC 4830 2 3.97e-02 NGC 4830 2 3.54e-02
NGC 4993 3 8.69e-03 IC 0874 3 2.89e-02
IC 4197 4 5.69e-03 UGCA 289 4 1.57e-02
ESO 575- G 061 5 4.16e-03 NGC 5048 5 1.37e-02
WISEA J125732.70-194200.8 6 4.04e-03 NGC 5114 6 1.33e-02
WISEA J125251.08-152929.7 7 3.07e-03 MCG−02-32-026 7 1.26e-02
MCG−02-33-036 8 2.16e-03 NGC 5061 8 1.09e-02
IC 4180 9 2.02e-03 NGC 4993 9 9.02e-03
2MFGC 10461 10 1.85e-03 IC 4197 10 5.24e-03

Note. Galaxies are prioritized by physical properties (stellar mass, SFR, and inverse sSFR) inside two sky localizations for GW170817: the final BAYESTAR map
with a 90% probability area of 31 deg2 and a 90% volume that contains 46 NED-LVS galaxies (left), and the initial sky map without the Virgo detector constraints
with an area of 187 deg2 and a 90% volume that contains 207 NED-LVS galaxies (right). The host galaxy, NGC 4993, for GW170817 is in the top 10 when sorting by
stellar mass and sSFR, but halfway down the list when using SFR alone.

19 https://ned.ipac.caltech.edu/NED::GWFoverview/
20 https://gcn.gsfc.nasa.gov/ 21 https://ned.ipac.caltech.edu/Documents/Guides/Interface/GWF
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likely associated with GW events (i.e., sGRBs; Rastinejad
et al. 2021). However, since neither sGRBs nor neutrino events
have independent constraints on the distance to the event, the
potential galaxy lists for these events will be relatively large
due to sky-area-only constraints (by a factor of ∼50; Ducoin
et al. 2020; Kovlakas et al. 2021). These events would require
additional study of prioritization metrics for host-galaxy
properties, and this work is left for a future study.

4.2.2. Large-scale Structure and Galaxy Environments

The primary science motivations for the great efforts
required to perform large galaxy redshift surveys include
mapping and quantifying the LSS of the Universe in three
dimensions, also known as cosmic cartography (e.g., Kitaura
et al. 2009), studying the influence of local and large-scale
environments on the physical properties of galaxies, and
providing a better understanding of galaxy populations from an
unbiased sampling of objects. Extensive research in this field
over the past few decades has resulted in the acquisition of
millions of spectroscopic redshifts from galaxy surveys such as
the CfA redshift survey (Tonry & Davis 1979), 2dFGRS
(Colless et al. 2001), 6dFGS, the Galaxy And Mass Assembly
survey (Driver et al. 2009, 2011), the Las Campanas Redshift
Survey (Shectman et al. 1996), SDSS (Abazajian et al. 2009;
Alam et al. 2015), and others (e.g., Okamura 2020), all of
which are represented in the NED-LVS. Published studies of
these surveys have revealed, in successively greater detail, a
complex network of galaxy groups, clusters, and superclusters
configured in a cosmic web of walls and filaments separated by
vast voids of underdense regions tens of megaparsecs in
diameter (e.g., Courtois et al. 2013; Okamura 2020, and
references therein). Furthermore, these surveys have yielded
significant discoveries on the relationships between galaxy
evolution and environment (e.g., the morphology–density
relationship; Dressler 1980; Hashimoto et al. 1998; Cucciati
et al. 2017; Crone Odekon et al. 2018).

Despite the impressive sky coverage and increasing depth of
redshift surveys, and the scientific progress made recently in
understanding galaxy environments and the cosmic web, future
attempts to more accurately quantify variations in galaxy
properties and evolutionary effects as a function of environ-
ment over larger volumes of space are limited by significant
gaps in available redshift measurements. It is therefore crucial
for researchers to understand when apparent variations in the
density of galaxies in any particular three-dimensional volume
are due to actual physical cosmic variance, or variations in the
completeness of redshift measurements, or some complex
mixture.

To provide a global view of this issue, Figure 12 shows all-
sky density maps of galaxies in the NED-LVS in different
redshift shells. The most recognizable gap that is visible in
most panels of Figure 12 is the plane of the Galaxy, which most
certainly lowers our completeness estimates averaged over the
whole sky (see Section 4.3). The panels on the left contain all
galaxies with available redshifts, where we have shown that
completeness drops from essentially 100% in the nearest
redshift shell to only 16% in the outer shell. Panels (c) and (d)
show clearly that this drop is due to incomplete sky coverage of
the redshift surveys combined in this work. The redshift
measurements are most complete in the north Galactic cap in
the footprint of the SDSS, covering about a quarter of the sky.
In contrast, the panels in the right column contain only the

galaxies with L> L*, for which we have shown the complete-
ness (Figure 11) is near 100% out to z ∼ 0.1 (D = ∼400Mpc),
dropping to 20% at the edge of the sample at z = 0.2
(D = 1000 Mpc). Zooming into Figure 12, panels (e), (f), and
(g) show that local galaxies with L> L* trace very well the “tip
of the iceberg” of LSS revealed in many studies (e.g., Courtois
et al. 2013; Okamura 2020, and references therein).
Given the limited sky coverage of current redshift surveys, a

robust approach used by most investigators of LSS is to confine
studies to galaxies within the boundaries of a specific sky
survey within which there is uniform sky coverage of
photometric observations and follow-up spectroscopic observa-
tions. The footprint of the SDSS spectroscopic redshift sample,
for example, is most clearly visible in the outer redshift shells
of the NED-LVS in Figures 12(d) and (h). However, LSS
studies over the whole sky are possible using NED-LVS to the
extent that investigations should remain confined to galaxies
with L> L* and z< 0.1 where there exist high levels of
completeness and roughly uniform coverage.

4.2.3. Other Science Cases

The merger of panchromatic fluxes and distance information
across thousands of journal articles and survey catalogs is an
invaluable resource for the astronomical community. In
addition, given that most objects in NED-LVS have data with
independent measurements from multiple sources that have
been vetted during the merging process by the NED team over
many decades (including the additional efforts performed here;
see Appendix A), NED-LVS is a highly reliable compilation
suitable for addressing a number of statistical questions in
astrophysics. For instance, the three-dimensional locations of
objects can be used to compute correlation functions to test
theories of dark matter, the panchromatic colors can identify
different galaxy types and serve as proxies for star formation
activity to better understand both star formation and galaxy
evolution, and these data can be used to inform sample
selection and exposure times for future observational studies.

4.3. Limitations of NED-LVS

In this section, we discuss the limitations of using NED-LVS
during multimessenger and poorly localized transient events,
and those related to our completeness estimates.
A general limitation of any galaxy sample in the local

Universe stems from distances based on redshifts, where the
peculiar velocities of the nearest galaxies (D 30–40Mpc) can
be a significant fraction of the observed velocity. We mitigate
these issues by prioritizing redshift-independent distances over
redshifts, where 25% of our sample with D < 20Mpc have
redshift-independent measurements. However, the largest
peculiar velocities occur in the members of galaxy clusters,
where deviations from the Hubble flow will be more
pronounced for the nearest clusters (e.g., Virgo at
D∼ 16.5Mpc; Mei et al. 2007). For instance, Kovlakas et al.
(2021) used a kernel-regression technique to correct 650 Virgo
cluster members and found that the local average distance
deviated from the Hubble flow by as much as a factor of 2.
These corrections are left for a future version, but we note that
only a small number of galaxies would be affected (as many as
1500 in Virgo; Kim et al. 2014). The velocities for galaxies in
more distant clusters (e.g., Coma, Shapely, etc.) would be
affected to a lesser degree.
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A caveat to our luminosity completeness estimates stems
from the use of a Schechter function to define the expected total
luminosity density, where this functional form may not fully
reflect the true luminosity distribution of galaxies (Salim &
Lee 2012), especially at the high-luminosity end where poor
statistics can lead to poor fits and a potential over-/under-
estimation of the total expected luminosity. An inspection of
the numbers of rare, bright (L> 10 × L*) NED-LVS galaxies
(after contamination removal) compared to those expected from
our fiducial Ks-band LF (Figures 15 and 16) shows an excess
of these objects past 200Mpc that increases with distance: a
few at 200Mpc and a total of N∼ 1100 out to 1000Mpc.
However, the luminosity of NED-LVS galaxies with L> 10L*

makes up <1% of the expected total luminosity ( jKs) in each of

the distance shells, suggesting that the potential overestimation
of our completeness is small. It is unclear if there is a true or
spurious excess of luminous galaxies in our sample or if the LF
used was poorly constrained at the bright end.
Further investigation of L> 10× L* objects reveals a

mixture of early-type galaxies, active galactic nuclei (AGNs)
or QSOs, and even some larger spiral galaxies (Ogle et al.
2016). The luminosities of QSOs or galaxies that host an AGN
will be boosted (Montero-Dorta & Prada 2009), in which case
our completeness estimates may be overestimated. However,
we find that only 90 of these luminous objects are potentially
AGNs (including QSOs), whose light typically accounts for
only 0.01% of the total luminosity in their respective distance
shells. It is interesting to note that ∼200 of the luminous

Figure 12. All-sky density plots of NED objects in equatorial (J2000) coordinates, where the left column presents objects with no luminosity cut and the right column
presents objects with Ks-band luminosity greater than L*. Each row shows the objects in redshift shells: z < 0.01 (D < 40 Mpc), 0.01 < z < 0.04 (40 < D <
180 Mpc), 0.04 < z < 0.10 (180 < D < 460 Mpc), and 0.1 < z < 0.2 (460 < D < 1000 Mpc), where the percentages in parentheses provide the completeness of
objects in each shell. The HEALPix maps have a 2 deg2 resolution for each pixel. The artificial patterns (survey footprints) seen in panels with low completeness ((c),
(d), and (h)) suggest that studies of galaxy environment or LSS should exercise caution when interpreting results.
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NED-LVS objects have UV detections to indicate active star
formation or have readily identifiable spiral arms during our
visual inspection. These so called “super spirals” generally
have large sizes (>50 kpc), stellar masses (>1011Me), and
SFRs (>5–65Me yr−1), where these objects are thought to be a
remnant population of unquenched, massive disk galaxies and
may be the precursors of some giant elliptical galaxies found in
low-density environments (Ogle et al. 2016, 2019). Other
explanations for excess luminosities may include close galaxy
pairs that are not resolved and potential unreliable distances
that are not easily flagged.

There is also a limitation to our completeness estimates that
stems from the nonuniform coverage of galaxies across the
entire sky (e.g., heterogeneous flux limits for spectroscopic
surveys, unobservable galaxies behind the MW, etc.). Conse-
quently, our completeness estimates may be an underestimate,
especially due to the likely large numbers of galaxies located in
the Zone of Avoidance (Staveley-Smith et al. 2016). To
quantify the effects of missing galaxies behind the MW, we
have recomputed completeness by excluding all NED-LVS
objects with |b|< 10° (i.e., in the Galactic plane) and adjusted
the volumes accordingly. We find that the completeness by Ks
band increases an additional ∼5% between 20 and 500Mpc.
The heterogeneous collection of galaxies from a wide range of
surveys and individual measurements thus results in complete-
ness that is a complicated function of sky location. This is
further evidenced by Figure 12, where (excluding the MW) we
see a relatively uniform distribution at distances less the
300Mpc, but begin to see a dearth of objects at greater
distances, especially in the southern sky. In a future work, we
plan to derive completeness maps across the sky that would
allow users to account for the varying levels of completeness.

One of the intended uses for NED-LVS is to increase the
search efficiency for kilonovae associated with GW events. The
median sky localizations for these events will be relatively
large for the next few years (Petrov et al. 2022), and will
require that large lists of potential hosts be prioritized by either
observable or derived physical properties. NED-LVS contains
flux measurements from UV and IR taken from uniform, all-
sky surveys, and provides physical properties primarily based
on MIR WISE fluxes, which are available for 88% of the
sample.

A potential caveat with regard to WISE fluxes (and
subsequently the derived properties) is that there are no WISE
extended source catalogs with apertures that depend on the
extent of a galaxy’s light (D25, half-light radius, etc.) to ensure
robust sorting by properties. Our construction of MIR fluxes
instead relies on a strategy to recover as much of the total flux
for an object as possible using the largest apertures available.
Deviations from the total flux will depend on the angular size
of the galaxy, where more extended galaxies will likely be
affected to a greater degree. To mitigate this effect, we have
opted to prioritize the MIR fluxes derived from large, custom
apertures in the z0MGS survey (see Section 2.3.4; Leroy et al.
2019), where the NED-LVS “GALEXphot” or “WISEphot”
flags are set to “z0MGS.” These fluxes are measured inside
isophotal apertures where the distribution of semimajor axes
extends to values as low as 15″ (∼16, 33, and 72 kpc at
z = 0.05, 0.1, and 0.2, respectively). Our next-highest-priority
aperture is 22″ from the AllWISE catalog, which should cover
the majority of light for extended objects without fluxes in
z0MGS. Thus, sorting NED-LVS galaxy lists by MIR fluxes or

physical properties derived from MIR fluxes should provide
reasonably robust results.
Estimating physical properties of galaxies using the photo-

metry compiled in NED-LVS comes with its own limitations.
One caveat related to our estimate of stellar mass stems from
using the same scaling relationships for the wide range of
galaxy types seen in our sample. The mass-to-light ratios used
to scale NIR fluxes to stellar mass can be significantly affected
by the age of the stellar population (Bell & de Jong 2001; Bell
et al. 2003; Courteau et al. 2014), where the ratios can differ by
as much as 0.5 dex between late- and early-type galaxies
(Leroy et al. 2019). We have adopted the prescription of Leroy
et al. (2019) that employs a mass-to-light ratio dependent upon
an observable proxy for sSFR, which traces stellar population
age. Our resulting stellar masses show good agreement with
those derived using more sophisticated Bayesian SED-fitting
methods (Salim et al. 2018) with a median offset and scatter of
−0.01 and 0.2 dex. We conclude that the stellar masses
computed for NED-LVS provide reasonably robust results.
The scaling relationships for SFRs have also shown biases

among some galaxy types, where the MIR SFRs based on
bands that are contaminated by PAH and silicate absorption
features (i.e., W3) can show a strong metallicity dependence
(Calzetti et al. 2007; Relaño et al. 2007). These lower-
metallicity galaxies can have their SFRs significantly under-
estimated due to the dearth of PAH emission (Engelbracht
et al. 2005, 2008; Draine et al. 2007; Smith et al. 2007). SFRs
estimated from W4 fluxes have shown good agreement with
low scatter compared to Balmer-decrement-corrected Hα and
SED-fitted values, even for dwarfs (Brown et al. 2017; Leroy
et al. 2019). In our sample, we utilize the W4-based SFRs and
choose not to provide the W3-based estimates.
However, there are caveats associated with using W4-based

scaling relationships resulting in additional MIR luminosity
contributions from AGNs and/or older stellar populations in
early-type galaxies, where the SFRs for these galaxies will be
overestimated (Bendo et al. 2010; Salim et al. 2018; Leroy
et al. 2019). Using the conservative WISE-only color selection
of W1−W2> 0.8 mag from Stern et al. (2012), we estimate
that only 1% (20,000) of our sample will be affected by AGN
contamination. In addition, early-type galaxies represent a
much wider challenge where SFRs can be overestimated by as
much as two orders of magnitude (see also HECATE;
Kovlakas et al. 2021). Using a combination of NUV−W1>
7 mag, W1−W3< 2.5 mag, and W1−W4< 5.5 mag colors
(which do not suffer these same biases) to select low-sSFR
galaxies, we estimate that 47% of our sample will be affected to
varying degrees. Recent studies of early-type galaxies have
found that some show W4 luminosities that are two orders of
magnitude above what is expected from stellar-population
models given their the Ks or W1 luminosities (Davis et al.
2014; Simonian & Martini 2017). This MIR excess is not well
understood given the low star formation activity of these
systems, but has been attributed to dust from asymptotic giant
branch stars (Athey et al. 2002) or very small grains created
during the destruction of larger dust grains (Xilouris et al.
2004). To date, no published SFR prescriptions have success-
fully accounted for the excess dust present in early-type
galaxies. Such an effort merits its own study and is beyond the
scope of this work. We advise caution when using the W4-
based SFRs for early-type galaxies, and have populated a flag
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(“ET_flag” = True) in our sample that uses a combination of
UV-IR and IR colors.

Given the limitations and caveats discussed above related to
derived properties, we emphasize here that users can utilize the
measured fluxes compiled in NED-LVS to estimate their own
physical properties in a manner appropriate for their own
science requirements. In addition, NED-LVS may also be
augmented with new, better behaved derived properties
emerging in the literature.

Challenges encountered while constructing the NED-LVS,
as well as future improvements as new data become available,
point to the importance of following best practices when
publishing redshifts and other measurements (Chen et al.
2022). This includes listing accurate and meaningful uncer-
tainty estimates for redshifts, with a realistic number of
significant figures, and clearly flagging unreliable redshifts
due to low signal-to-noise, contamination in the aperture,
limitations of photometric redshift techniques or model-fitting
assumptions, etc. This will lead to improvements to automated
star/galaxy/AGN classifiers in NED, and result in more
reliable derived quantities such as selection of fiducial redshift
(from multiple published measurements) and estimates of
distances and physical properties that depend on robust redshift
measurements.

5. Summary and Future Plans

In this study, we present the NASA/IPAC Extragalactic
Database-Local Volume Sample (NED-LVS), which is com-
posed of nearly 1.9 million extragalactic objects with distances
less than 1 Gpc. The distances selected for NED-LVS are based
on both redshifts (98.6%) and redshift-independent distances
(1.4%), where redshift-independent measurements are prior-
itized at distances less than 200Mpc. We have also performed
automated assessment and visual inspection to clean over
200,000 contaminating objects and unreliable redshifts. The
reclassified objects and redshift quality flags assigned during
the vetting process will be folded back into the NED database.

We extract photometry from all-sky surveys (GALEX,
2MASS, and AllWISE) that have been integrated into NED,
where we prioritize the largest available aperture fluxes to
account for resolved galaxies. In addition, we utilize the large,
custom aperture fluxes in the GALEX and WISE filters for
highly extended galaxies (out to 50Mpc) as measured by
z0MGS (Leroy et al. 2019) when available. The resulting
fluxes in NED-LVS are used to derive physical properties (Må

and SFR) via integrated-light scaling relationships from WISE
luminosities, where 88% of objects have estimated values. The
physical properties derived here broadly agree with those
derived from more sophisticated SED-fitting methods. How-
ever, the SFRs for early-type galaxies show varying degrees of
overestimation, which is a known issue with integrated-light
scaling relationships in the MIR. We provide a flag (“ET_flag”)
to indicate which objects may have overestimated SFRs, and
these values should be treated with caution.

The main goal of this study is to estimate the completeness
of the galaxy census per unit volume in the NED local Universe
compilation, where completeness is defined as the ratio of the
total luminosities of galaxies to the total luminosity expected
from integrating under published galaxy LFs. The complete-
ness of NED-LVS relative to the GALEX NUV and 2MASS
Ks bands are ∼100% out to ∼30Mpc. Past this distance, the
completeness relative to NIR luminosities (which trace a

galaxy’s stellar mass) remains moderate (70%) out to 300Mpc.
In addition, when considering only galaxies with luminosities
brighter than L*, NED-LVS is ∼100% complete out to
∼400Mpc. We confirm this result via completeness estimates
by number, where we find that the number of NED-LVS
galaxies with L > L* roughly matches the number expected
under the LF at these greater luminosities. These estimates do
not account for the missing galaxies obscured by the MW’s
disk, which accounts for 5% of the sky for a Galactic latitude
restriction of |b|< 10°.
A comparison to other local Universe samples shows that

NED-LVS is more complete by number than both GLADE and
HECATE by 10% and 30%, respectively, in the appropriate
limiting distances. When comparing the luminosity complete-
ness of the three catalogs it is important to provide estimates
based on the same expected luminosity scale (i.e., the
luminosity in the denominator). Previous studies have provided
estimates that are relative to only 0.6 × L* whereas the
estimates computed in this study are relative to the total
luminosity under the LF. To make a proper comparison, we
recompute the completeness of previous samples relative to the
total luminosity and find that all three approach 100%
completeness below 30Mpc. At distances beyond ∼80Mpc,
NED-LVS is more complete than both GLADE and HECATE
by ∼10%–20%.
The galaxies in NED-LVS can be used for studies in many

areas of astrophysics, which include star formation, galaxy
evolution, LSS, galaxy environments, and searches for the EM
counterparts to GW events, to name a few. When applying
NED-LVS toward these or other science goals, users should
note that the completeness of NED-LVS (and likely of any
local Universe sample) can vary significantly with distance and
location on the sky. Other limitations and caveats pertaining to
the use and completeness estimates of NED-LVS include an
overestimation of SFRs based on MIR luminosities for early-
type galaxies, and that investigations of LSS or galaxy
environment should limit their focus to areas with high levels
of completeness or to galaxies with luminosities greater than L

*

.
We also explore the prioritization of galaxy properties when

searching for the counterparts to GW events, where we include
previously studied properties (stellar mass and SFR) and
include for the first time sSFR since it is inversely correlated
with the stellar population age of a galaxy. We find that
prioritization by both stellar mass and sSFR put the host galaxy
of GW170817 (NGC 4993) consistently in the top 10 of the list
of potential hosts, but SFR puts the host galaxy significantly
lower on the list. These results persist even when using the
larger, initial sky localization, which contains 4 times the
number of galaxies in the event’s volume. The high
prioritization of stellar mass and sSFR suggests long delay
times for BNS merger events. Further study is encouraged on
the prioritization of galaxy lists by more direct stellar
population age measurements, e.g., depth of the 4000Å break
(DN4000), the EW of Balmer lines, etc.
The version of NED-LVS corresponding to the analysis

presented here (see Section 2.5 and Appendix C) can be found
on the NED website (NASA/IPAC Extragalactic Data-
base 2023). As data from the literature and next generation
of large redshift surveys (e.g., DESI, DESI Collaboration et al.
2016; Euclid, Euclid Collaboration et al. 2022; Nancy Grace
Roman Space Telescope, Spergel et al. 2015; SPHEREx, Doré
et al. 2014; etc.) become available in the coming years, we plan

23

The Astrophysical Journal Supplement Series, 268:14 (33pp), 2023 September Cook et al.



to fold them into NED and facilitate the extraction of updates to
NED-LVS by users directly from the database, with updates to
the increasing completeness estimates also made available on
the website. NED-LVS is currently more complete than the
galaxy samples used during LVK O3, but will grow in
completeness due to the ingestion of new data, and will be a
valuable resource for many other areas of astrophysical science.
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Appendix A
Quality Checks of NED-LVS

In this section, we provide more detailed information on our
quality checks of NED-LVS. We have updated the object types
and/or the redshift quality flags of over 200,000 objects via
automated assessments and visual inspection. NED-LVS
entries whose object types are not consistent with a galaxy
(i.e., stars or nebulae in the MW or parts of nearby galaxies)
were removed from the sample, and are listed in Table 5. NED-
LVS entries with redshifts that have been determined to be
unreliable (i.e., based on noisy spectra, unphysical recessional
velocities, or unphysical patterns in their redshift distributions)
have been given a quality flag (z_qual) of “True,” and are listed
in Table 6. Incorporating these updates into the NED database
is underway. We note here that our efforts to clean NED-LVS
focuses on obvious cases, but should be considered as “likely”
classifications and quality flags. Further assessments and
cleaning will be performed in future versions.

A.1. Automated Assessments

Prior to the vetting of NED-LVS objects, the redshift histogram
showed a large, unphysical spike in the number of objects
(N≈ 100,000) near a redshift of zero, indicating that these objects
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are Galactic in nature or that they have unreliable redshifts
(Figure 13). Inspection of a subset of objects in this spike showed
that a significant fraction originated from SDSS Data Release 13
ingested by NED in 2017 as generic visual sources (“VisS”) with
no distinction between “GALAXY” or “STAR.” Consequently,
these objects were not removed from NED-LVS during construc-
tion based on their object types. We also found objects whose
updated SDSS Data Release 17 (DR17) redshifts were greater than
the distance limit of NED-LVS (z> 0.2).

Our first attempt to clean these contaminants and outdated
redshifts is to perform an automated assessment given the
SDSS DR17 values. We performed a crossmatch between all
NED-LVS objects with z< 0.01 to find 87,000 NED-LVS
objects with updated spectroscopic classifications of “STAR,”
and ≈1500 objects whose updated redshift in SDSS DR17 was
above our distance limit. All of these objects have been

removed from NED-LVS, and examples of these contaminants
are shown in the top two rows of Figure 14.
While the automated updates from SDSS DR17 greatly

reduced the number of objects at z ∼ 0, there remained a small
overdensity (N ≈ 20,000) with the majority at z < 0.002.
Visual inspection of these objects revealed continued contam-
ination from obvious stars but with SDSS spectroscopic
classifications of “GALAXY,” galaxies with updated SDSS
DR17 redshifts that fall inside our distance limits, faint objects
with photometric redshifts, and parts of nearby galaxies
(H II regions, star clusters, etc.). Given the heterogeneous
sources of the remaining contamination, we have performed
visual inspection of all NED-LVS objects with redshifts near
zero, and in a few cases have expanded our visual inspection to
include significant fractions of objects from individual
publications whose data warranted additional investigation.

Table 5
Ten Examples of Updated Object Types, Where We List the First Two Instances of Each Object Type

Updated Object Types in NED-LVS

Object R.A. Decl. b Obj. Type Obj. Type
Name (deg) (deg) (deg) (Old) (New)

(J2000) (J2000)

WISEA J201025.79-485254.3 302.6071 −48.8817 −32.77 G STAR
WISEA J005002.89+124301.5 12.5120 12.7171 −50.15 IrS STAR
AGC 122835 31.3875 29.2328 −30.91 G MWneb
AGC 227898 182.0042 5.9744 66.46 RadioS MWneb
SDSS J165713.92+251009.2 254.3080 25.1693 35.37 G Artifact
SDSS J034931.46-010314.5 57.3811 −1.0540 −40.00 G Artifact
2MASS J00412577+4110191 10.3577 41.1719 −21.66 VisS *Cl
2MASS J00422968+4119533 10.6238 41.3315 −21.51 VisS *Cl
GALEXMSC J004847.83+425136.7 12.1993 42.8602 −20.01 UvS PofG
GALEXASC J004648.73+420005.1 11.7031 42.0014 −20.86 UvS PofG

Notes. The updated object types include stellar contaminants in our Galaxy (“STAR”), nebulae associated with our Galaxy (“MWneb”), SDSS image artifacts where
spectra were taken (“Artifact”), objects specifically identified in a publication as star clusters associated with nearby galaxies (“*Cl”), and generic objects considered as
parts of nearby galaxies (“PofG”). We provide the names, coordinates, Galactic latitudes, object types given in NED, and updated object types (i.e., “STAR”). The full
list of objects is available online.

Table 6
Ten Examples of Updated Redshift Quality Flags (“zQual”), Where We List the First Five Instances of Each Categorization

Updated Redshift Quality Flags in NED-LVS

Object R.A. Decl. z Reference Code z_qual
Name (deg) (deg)

(J2000) (J2000) (helio)

SDSS J153958.64+233534.8 234.9943 23.5930 −2.6000e − 04 ± 1.78000e − 04 2007SDSS6.C...0000: ?
CANDELS J033228.96-274656.1 53.1207 −27.7822 +0.0000e + 00 ±K 2008ApJ...682..985W ?
WISEA J195959.36-534630.0 299.9973 −53.7751 −3.0700e − 04 ± 1.50000e − 04 20096dF...C...0000J ?
WISEA J011743.33-545542.7 19.4300 −54.9286 −1.1070e − 03 ± 3.94000e − 04 2009A&A...499..357G ?
SDSS J155603.29+111504.6 239.0137 11.2513 +1.5000e − 04 ±K 2011ApJS..193...28P ?
FAIRALL 0232 47.2534 −73.9611 −4.3030e − 03 ± 7.00000e − 04 1980MNRAS.192..389F Contaminated
UGCA 390 216.9255 12.7602 +0.0000e + 00 ±K 1992CORV..C...0000F Contaminated
GALEXASC J030255.39-603300.4 45.7313 −60.5503 −6.1440e − 03 ± 1.77000e − 04 1996ApJS..107..201L Contaminated
2dFGRS N325Z254 193.1543 0.3344 −2.0000e − 04 ± 2.97000e − 04 20032dF...C...0000C Contaminated
WISEA J122224.16+431122.3 185.6009 43.1897 −3.4000e − 03 ± 2.80000e − 03 2004AJ....127.1943G Contaminated

Notes. The updated flags include redshifts considered to be unreliable (“?”) and redshifts derived from fluxes that have been contaminated by bright, nearby stars
(“Contaminated”). We provide the names, coordinates, redshifts, reference code for that redshifts, and the updated quality flag. The full list of objects is available
online.
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A.2. Visual Inspection

We inspected all objects with z< 0.002 to remove
contaminants and to ensure a robust sample of nearby galaxies.
Visual classification was performed via inspection of an
object’s metadata (object types, redshifts, flags, redshift origin,
etc.) from NED and optical color images from large-area
surveys covering both the northern and southern sky: the
Legacy Survey (Dey et al. 2019), SDSS (York et al. 2000;
Abazajian et al. 2009; Alam et al. 2015), and Pan-STARRS
(Chambers et al. 2016). In addition to these data, we also
utilized updated SDSS DR17 redshifts, redshift quality flags,
and object classifications based on spectra. These data were
displayed on a web-based tool for quick inspection, which
facilitated updated classifications and redshift quality flags for
tens of thousands of objects. The results of our visual
inspection can be categorized by either updates to object types
or to redshift quality flags, and are discussed separately below.

A.2.1. Object Types

There was a wide variety of objects whose object types
required updating. The contaminating objects most commonly
found were obvious stars or closely grouped stars with
redshifts, nebular regions in the MW, and parts of nearby
galaxies. We discuss the identification of each type below. The
full list of objects whose object types were updated is shown in
Table 5, and examples are shown in Figure 14.

One source of stellar contamination after automated updates
are objects with SDSS spectroscopic classifications of
“GALAXY,” but whose spectral features (i.e., hydrogen
absorption lines) and radial optical profiles clearly indicated a
stellar object (in addition to a redshift consistent with the MW).
We conservatively classified ∼1000 objects as “STAR” only in
obvious cases where strong spectral features in high signal-to-
noise SDSS spectra and obvious point-like radial profiles
indicated an object type of “STAR.”

We also found closely grouped stars that were given
photometric redshifts from the 2MPZ catalog (Bilicki et al.
2014) based on their extended light profiles in 2MASS images
(see Jarrett et al. 2000). However, visual inspection of higher-

resolution images (SDSS, PS1, and Legacy survey) showed
that these objects were clearly groups of stars (see Figure 14).
We visually inspected all NED-LVS objects whose final
distances come from 2MPZ out to z< 0.05 to find ∼6000
contaminants and labeled them as “STAR” in Table 5. More
than 90% of these ∼6000 objects have Galactic latitudes of
|b|< 10°, which is further evidence of their stellar nature. To
be conservative, we did not classify any 2MPZ object as
“STAR” that spatially overlapped with an extended object. We

Figure 13. The redshift histogram for objects in NED-LVS prior to vetting.
The large number of objects at z ∼ 0 is unphysical and prompted our efforts to
clean the NED-LVS sample of stars misclassified as galaxies, unreliable
redshifts, and other issues. These data are presented as a stacked histogram
chart with zSPEC on top of zI-Dist and zPHOT on top of zSPEC in each bin.

Figure 14. Examples of contamination found in NED-LVS. Row 1 shows a
generic “VisS” object in NED whose SDSS DR17 spectra confirm a
classification of “STAR,” row 2 is an object whose updated SDSS redshift is
beyond the limits of our sample, row 3 shows a grouping of stars given photo-
z’s since they are listed as extended objects in the 2MASS-XSC catalog, row 4
shows a part of a galaxy (e.g., an H II reg), row 5 shows a nebular region inside
the MW, and row 6 shows an artifact in SDSS where a spectroscopic fiber was
placed. All of these types of objects have been removed from NED-LVS, and
updates to the NED database are underway.
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note here that there exist spatial gaps in the optical surveys
used for identification where no images were available, and
consequently a visual classification could not be robustly
determined.

We also encountered ∼2500 objects in the vicinity of large,
nearby galaxies with locations within the optical extent of the
galaxy and/or those explicitly labeled as parts of galaxies in
their publication description. The objects found in this category
are planetary nebulae, star clusters, globular clusters, H II
regions, and individual stars inside Local Group galaxies. All
of these objects were labeled as “PofG” in Table 5.

A similar type of contamination to the “PofGs” in nearby
galaxies are objects inside our own Galaxy. Some of these are
bright nebular knots within MW H II regions where an SDSS
spectroscopic fiber was placed, but the majority (∼800) are H I
radio detections from the Arecibo Legacy Fast ALFA Survey
(ALFALFA; Giovanelli et al. 2005). These objects are known
as high-velocity clouds (HVCs) and are likely associated with
the MW (Wakker 2001; Lehner & Howk 2011; Lehner et al.
2022). We combined the ALFALFA lists of HVCs from Martin
et al. (2009), Saintonge et al. (2008), and Haynes et al. (2011),
and classified these objects as MW nebulae (“MWneb”) and
have subsequently removed them from NED-LVS. We also
verified that none of these objects appear in the ALFALFA H I
source catalog of Haynes et al. (2018) that are considered to be
extragalactic due to their velocities and associations with an
optical counterpart. Only a handful of ALFALFA objects with
low redshifts remain in NED-LVS that are associated with
optical counterparts.

We also found N = 33 instances where an SDSS spectro-
scopic fiber was placed on an artifact in the SDSS images
(satellite streak, diffraction spike, etc.) or was clearly a sky
fiber, and whose spectra contained high levels of noise and no
obvious spectral features. These contaminants were labeled
“Artifact” in Table 5.

Finally, we inspected objects with extreme luminosities as
they could have a large effect on our completeness estimates.
We inspected all objects with Ks-band luminosities greater than
10 times L

*

, and found ∼150 contaminants dominated by stars
or nebular objects in the MW that were given distances outside
of the Galaxy. These contaminants were labeled in Table 5 with
an appropriate classification, as discussed earlier in this section.

A.2.2. Redshift Quality Flags

In addition to updated object types, we also flagged
individual redshift measurements that were deemed unreliable.
However, unlike the updated object types, setting a redshift
quality flag does not require removal from NED-LVS since a
more reliable redshift measurement may still be available in
NED. Consequently, we have simply flagged these measure-
ments as “True” and should be used with caution. We note that
these quality flags are being incorporated back into NED and
will inform future iterations of our fiducial redshift algorithm,
where these redshifts will be given lower rank. Future versions
of NED-LVS will likely have many of these redshifts replaced
with more reliable measurements.

Examples of unreliable redshifts found in NED-LVS are
those with unphysical recessional velocities, such as those with
values less than −500 km s−1. All redshifts with these values
were treated as suspect as only a few objects in the literature
have such extreme peculiar velocities (Kourkchi & Tully 2017).

Roughly ∼800 objects with velocities less than −500 km s−1

were given z_qual = “True.”
Another common occurrence of an unreliable redshift is a

redshift measurement of exactly zero and no uncertainty given.
Data presented in this form often do not represent real
measurements except in cases where a value of zero is used
as a placeholder for a Galactic object or star (e.g., Croom et al.
2004; Conselice et al. 2011; Bacon et al. 2015; Sluse et al.
2017; Sánchez-Sáez et al. 2019; Boutsia et al. 2020). Of the
objects with z = 0 and no uncertainty given, we found ∼13,000
objects where the publication described these values as
placeholders for stars and were given an object type of
“STAR,” and found ∼800 objects where no description of the
object nor redshift quality were given and subsequently were
given z_qual = “True.”
We also examined objects with SDSS DR17 spectra in our

visual inspection redshift range (z< 0.002) to find ∼2000
objects whose spectra are either dominated by noise or whose
redshift was based on a few lines with significant noise, where
the redshift determination was not robust. In many cases the
SDSS “zWarning” flag for these spectra was set to a value
indicating a nonunique line identification. The “z_qual” flag for
these objects were set to “True.”
In addition, during our visual inspection of NED-LVS, we

also encountered faint objects whose photometric redshifts
exhibited discrete values at 0.001 intervals. We determined that
these redshifts came from two main sources: (i) an early HST-
COSMOS photometry catalog (Capak et al. 2007), and (ii) the
Red-Sequence Cluster Survey (RCS; Hsieh et al. 2005). The
photometric redshifts from Capak et al. (2007) targeted higher
redshift ranges than NED-LVS and were later updated by the
COSMOS team (Ilbert et al. 2009, 2014), wherein several
issues were addressed. We note that the Capak et al. (2007)
versions of the redshifts remain in NED as they have been used
by other authors before the updated values were published. The
photometric redshifts from the RCS survey targeted and tuned
their measurements to a range of 0.2–0.5, where the scatter
around known spectroscopic redshifts is large and shows
systematic offsets at z < 0.2. Given that the intended useable
redshift ranges of both data sets fall beyond the NED-LVS
distance limits, the unphysical quantized values, and the large
scatter when compared to spectroscopic measurements, we
have determined that these objects are not suitable for our
purposes and have removed them from the sample.
While we have put significant effort into vetting NED-LVS

objects (especially at z < 0.002), resource constraints prohibit
checking of all 1.9 million objects. We anticipate further
quality checks in future iterations of the sample.

Appendix B
Completeness Estimates by Number

Here, we provide an estimate of completeness by number in
order to confirm the result from Section 3.3 that NED-LVS is
nearly 100% complete for L* galaxies and brighter. We compare
the number of objects in NED-LVS to those expected from our
fiducial Ks-band LFs (Jones et al. 2006) via luminosity histograms
in distance bins (see also Gehrels et al. 2016; Dálya et al. 2018;
Ducoin et al. 2020; Kovlakas et al. 2021). The expected number
of objects under a Schechter LF in a given luminosity bin can be
computed with the differential form of the Schechter function
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integral (see Figure 2 of Gehrels et al. 2016) via

N N x e Vdx, B1x
bin ( )*f= D = Da -

where x= L/L*, ΔV is the volume element for the spherical
shell, and dx is the width of the luminosity bin.

Figures 15 (0–500Mpc) and 16 (500–1000Mpc) show the
luminosity histograms of objects in NED-LVS and those
expected from the Schechter function. We find that the number
of L* and brighter objects in NED-LVS meet the number
expected from the LF in all distance bins below ∼400Mpc.
However, significant deviations from the number of objects
expected from the LF are seen in the distance bins above

400Mpc. Thus, we conclude that NED-LVS is nearly 100%
complete by number for L* galaxies and brighter out to
∼400Mpc.
We also note that there is a not insignificant number of high-

luminosity objects (L> 10× L*), especially at distances
beyond 300Mpc. We have visually inspected (see
Appendix A.2) all objects with Ks-band luminosities greater
than 10 times L*. The contaminants found when inspecting
high-luminosity objects were dominated by stars and nebular
regions in the MW that were given extragalactic
distances. However, we note that the vast majority of objects
with Ks-band luminosities greater than 10 times L* were large

Figure 15. The distribution of Ks-band luminosities for objects in NED-LVS (blue-hashed filled histogram) in distance bins from 0 to 500 Mpc. The solid black lines
are the volume-scaled prediction of objects derived from the published Ks-band LF of Jones et al. (2006).
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early-type and spiral galaxies (Ogle et al. 2016) or bright QSOs
whose high luminosities are reasonable given the object’s
properties. Since we have visually inspected all objects with
L> 10× L*, this could indicate limitations in computing
completeness estimates by using Schechter LFs. See
Section 4.3 for more discussion.

Appendix C
Column Description of NED-LVS

In this section, we present the column descriptions of NED-
LVS. Table 7 presents a description of the columns, and the
following paragraphs provide additional details for columns not

described in the main text or in other appendix sections. The
NED-LVS table is available online (NASA/IPAC Extragalac-
tic Database 2023) in FITS format (∼1 GB).
The values populated in the redshift technique column

“z_tech” are defined as follows: “SPEC” is a redshift estimated
by spectroscopy, “PHOT” is estimated by photometry, “MOD”
is a modeled value, “MULT” is determined using multiple
techniques, “INFD” is a value inferred from other redshifts
(e.g., nearest neighbor), and “UNKN” indicates that a
publication did not clearly state the technique used to measure
the redshift. The last technique in NED-LVS is labeled as
“None” and has a NULL value, which for historical reasons is

Figure 16. The distribution of Ks-band luminosities from NED-LVS (blue-hashed filled histogram) in distance bins from 500 to 1000 Mpc. The solid black lines are
the volume-scaled prediction of objects derived from the published Ks-band LF of Jones et al. (2006).
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Table 7
Description of NED-LVS Columns

Column
Data
Type Unit Description

objname S L Preferred object name in NED
ra, dec D deg Equatorial coordinates of R.A. and decl. [J2000, fk5]
objtype S L Preferred object type in NED (see Table 1 in Section 2.1)
z, z_unc F L Fiducial redshift [heliocentric]
z_tech S L Technique used to measure redshift [SPEC, PHOT, UNKN, INFD, MOD, MULT, None

or NULL]
z_qual B L Qualifier flag indicating reliability of redshift [True = unreliable]
z_qual_flag B L Boolean flag indicating that the zqual flag has been updated in NED-LVS [True = updated]
z_refcode S L Reference code for the publication that provided the redshift
ziDist, ziDist_unc F Mpc Redshift-independent luminosity distance computed as the weighted average of measurements in

either the primary or secondary indicators
ziDist_method S L Method used to measure the redshift-independent distance when a single method is used to

compute the weighted average, otherwise “Wavg” when a mixture of methods are used
[Cepheid, SNIa, TRGB, Wavg, etc.]

ziDist_indicator S L Measurement type indicator for redshift-independent distance [Primary or Secondary]
ziDist_refcode S L Reference code for the publication that provided the distance when a single measurement was

chosen, otherwise “Mix” indicates an average of multiple measurements was used [refcode
or Mix]

DistMpc, DistMpc_unc F Mpc Selected luminosity distance used in NED-LVS
DistMpc_method S L Method used in the selected distance [Redshift or zIndependent]
ebv F mag Foreground MW reddening E(B − V ) from Schlafly & Finkbeiner (2011)
A_FUV_MWext F mag MW extinction in GALEX FUV band assuming Fitzpatrick (1999)
A_NUV_MWext F mag MW extinction in GALEX NUV band assuming Fitzpatrick (1999)
A_J_MWext F mag MW extinction in 2MASS J band assuming Fitzpatrick (1999)
A_H_MWext F mag MW extinction in 2MASS H band assuming Fitzpatrick (1999)
A_Ks_MWext F mag MW extinction in 2MASS Ks band assuming Fitzpatrick (1999)
A_W1_MWext F mag MW extinction in WISE W1 band assuming Fitzpatrick (1999)
A_W2_MWext F mag MW extinction in WISE W2 band assuming Fitzpatrick (1999)
A_W3_MWext F mag MW extinction in WISE W3 band assuming Fitzpatrick (1999)
A_W4_MWext F mag MW extinction in WISE W4 band assuming Fitzpatrick (1999)
m_FUV, m_FUV_unc F mag Apparent magnitude in GALEX FUV band in AB system
m_NUV, m_NUV_unc F mag Apparent magnitude in GALEX NUV band in AB system
Lum_FUV, Lum_FUV_unc D erg s−1 Monochromatic luminosity (νFν) in GALEX FUV band
Lum_NUV, Lum_NUV_unc D erg s−1 Monochromatic luminosity (νFν) in GALEX NUV band
GALEXphot S L Flag indicating which catalog was used for GALEX photometry [ASC, MSC, z0MGS]
m_J, m_J_unc F mag Apparent magnitude in 2MASS J band in Vega system
m_H, m_H_unc F mag Apparent magnitude in 2MASS H band in Vega system
m_Ks, m_Ks_unc F mag Apparent magnitude in 2MASS Ks band in Vega system
Lum_J, Lum_J_unc D erg s−1 Monochromatic luminosity (νFν) in 2MASS J band
Lum_H, Lum_H_unc D erg s−1 Monochromatic luminosity (νFν) in 2MASS H band
Lum_Ks, Lum_Ks_unc D erg s−1 Monochromatic luminosity (νFν) in 2MASS Ks band
tMASSphot S L Flag indicating which catalog was used for 2MASS photometry [PSC, XSC, LGA]
m_W1, m_W1_unc F mag Apparent magnitude in WISE W1 band in Vega system
m_W2, m_W2_unc F mag Apparent magnitude in WISE W2 band in Vega system
m_W3, m_W3_unc F mag Apparent magnitude in WISE W3 band in Vega system
m_W4, m_W4_unc F mag Apparent magnitude in WISE W4 band in Vega system
Lum_W1, Lum_W1_unc D erg s−1 Monochromatic luminosity (νFν) in WISE W1 band
Lum_W2, Lum_W2_unc D erg s−1 Monochromatic luminosity (νFν) in WISE W2 band
Lum_W3, Lum_W3_unc D erg s−1 Monochromatic luminosity (νFν) in WISE W3 band
Lum_W4, Lum_W4_unc D erg s−1 Monochromatic luminosity (νFν) in WISE W4 band
WISEphot S L Flag indicating which catalog was used for WISE photometry [Pfit, APER, z0MGS]
SFR_W4, SFR_W4_unc F Me yr−1 Star formation rate using W4 luminosity scaling relationship (Section 2.4)
SFR_hybrid, SFR_hybrid_unc F Me yr−1 Star formation rate using a FUV+W4 luminosity scaling relationship (Section 2.4)
ET_flag B L Boolean flag indicating an object is an early-type galaxy determined via IR or UV-IR colors

(Section 4.3) [True = colors indicate an early-type galaxy], and that the SFRs may be over-
estimated to varying degrees.

Mstar, Mstar_unc F Me Stellar mass using a W1 luminosity scaling relationship (Section 2.4)
MLratio F Me erg−1 s−1 The mass-to-light ratio used to calculate Mstar (Section 2.4)

Note. Columns 2 and 3 of this table present the data types (B = Boolean, D = double-precision floating point, F = single-precision floating point, and S = string) and
the units for the NED-LVS columns.
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treated as spectroscopic. Measurements ingested with a “None”
technique are the result of early ingestion (prior to approxi-
mately 10 yr ago) of redshifts into NED when the vast majority
of measurements were derived from spectroscopy, and
subsequently were given an empty or blank redshift technique.
However, given the orders of magnitude rise in redshift
measurements and the increase in diversity of techniques, NED
now explicitly indicates the measurement technique from the
list above.

The redshift quality flag “z_qual” in NED is generally set
when the publication describing a measurement (see
“z_refcode” column) explicitly states that the redshift value
may be or is unreliable. However, in this study we have used
automated assessment and visual inspection to find an
additional 110,000 redshifts that are unreliable for various
reasons (see Appendix A). These redshift values have had their
“z_qual” flag set, and we have set an additional flag
(“z_qual_flag”) to indicate that the quality is unreliable as
determined in our study and the original publication of the data.

The apparent magnitudes in NED-LVS are left as those
reported in the original catalogs and do not have MW
extinction applied. However, the luminosities reported in this
study do have their MW extinctions applied before conversion.
We have provided the extinction values used for each filter in
the columns with names of the form “A_FILTER_MWext.”
We also note that upper-limit apparent magnitudes have their
uncertainties set to 99.
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