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ABSTRACT
In this paper, we present GALEX–SDSS–WISE Legacy Catalog (GSWLC), a catalog of physical properties
(stellar masses, dust attenuations and star formation rates (SFRs)) for ∼700,000 galaxies with SDSS redshifts
below 0.3. GSWLC contains galaxies within the GALEX footprint, regardless of a UV detection, covering 90%
of SDSS. The physical properties were obtained from UV/optical SED fitting following Bayesian methodology
of Salim et al. (2007), with improvements such as blending corrections for low-resolution UV photometry,
flexible dust attenuation laws, and emission line corrections. GSWLC includes mid-IR SFRs derived from IR
templates based upon 22 µm WISE observations. These estimates are independent of UV/optical SED fitting, in
order to separate possible systematics. The paper argues that the comparison of specific SFRs (SSFRs) is more
informative and physically motivated than the comparison of SFRs. SSFRs resulting from the UV/optical SED
fitting are compared to the mid-IR SSFRs, and to SSFRs from three published catalogs. For “main sequence”
galaxies with no AGN contribution all SSFRs are in very good agreement (within 0.1 dex on average). In
particular, the widely-used aperture-corrected SFRs from MPA/JHU catalog show no systematic offsets, in
contrast to some integral-field spectroscopy results. For galaxies below the main sequence (log SSFR< −11),
mid-IR (S)SFRs based on fixed luminosity–SFR conversion are severely biased (up to 2 dex) because the dust
is primarily heated by old stars. Furthermore, mid-IR (S)SFRs are overestimated by up to 0.6 dex for galaxies
with AGN, presumably due to non-stellar dust heating. UV/optical (S)SFRs are thus preferred to IR-based
(S)SFRs for quenched galaxies and those which host AGN.
Keywords: galaxies: fundamental parameters—galaxies: star formation

1. INTRODUCTION

The stellar mass and the current star formation rate (SFR)
are two of the most fundamental physical properties of a
galaxy. The SFR normalized by stellar mass, i.e., the specific
star formation rate (SSFR, Tully et al. 1982; Bothun 1982), in
addition serves as a rough indicator of a galaxy’s star forma-
tion (SF) history. To infer properties such as stellar mass and
SFR from observed quantities, stellar populations and the ef-
fects of dust attenuation are modeled and compared to galaxy
spectra (e.g., Cid Fernandes et al. 2005) and/or the integrated
photometry.

Pioneering work to derive physical properties of galaxies
from their integrated light (e.g., Faber 1972; Searle et al.
1973; Tinsley & Gunn 1976; Larson & Tinsley 1978) paved
the way for the development of more advanced stellar pop-
ulation synthesis (SPS) models in the 1980s (e.g., Bruzual
A. 1983; Renzini & Buzzoni 1986; Guiderdoni & Rocca-
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Volmerange 1987). These conventional models were replaced
by isochrone synthesis in the following decade (e.g., Charlot
& Bruzual 1991; Bruzual A. & Charlot 1993), culminating
in modern, high-resolution models (e.g., (Bruzual & Charlot
2003; Maraston 2005; Conroy et al. 2010b)).

SPS models are the basis for widely used “simple” relations
for inferring the stellar mass from broad-band optical colors
(e.g., Bell & de Jong 2001; Courteau et al. 2014). These re-
lations are by necessity averaged over galaxy populations and
use simplified assumptions, so they cannot take into account
variations in SF history, dust attenuation or stellar metallic-
ity. Simple relations are also used for inferring the SFR from
UV or Hα luminosity (Kennicutt 1998; Calzetti 2013). In ad-
dition to again using average assumptions, these luminosities
first need to be corrected for dust attenuation. For galaxies at
z & 0, the quantities that enter these relations must be explic-
itly corrected to rest-frame luminosities, which requires the
spectral energy distribution (SED) of a galaxy to be assumed.

A more flexible and comprehensive approach is to derive
physical parameters through SED fitting (see Walcher et al.
2011; Conroy 2013 for overview). SPS models are used to
produce a library (a grid, in case of regular sampling inter-
vals) of models in which the SF history and metallicity take a
range of values. Model SEDs are further subjected to vary-
ing degrees of dust attenuation assuming some attenuation
law. Redshifted model fluxes (broad-band magnitudes) are
compared to observations (obviating a need for an explicit K-
correction), and the best-fitting model is sought and its param-
eters are adopted as the parameters of the observed galaxy.
Unlike with simple relations, in SED fitting every observed
flux plays some role in constraining all derived parameters,
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2 SALIM ET AL.

taking full advantage of the full set of observations. While
in SED fitting the relationships between the observed and de-
rived parameters are not explicit as with the simple relations,
it should be noted that both approaches are ultimately rooted
in SPS models.

For stellar SED fitting to produce useful constraints on
the ongoing SFR, the rest-frame UV photometry must be in-
cluded. SED fitting was initially employed to derive SFRs
from broad-band observations of small samples of Lyman
break galaxies at 2 < z < 3, for which the UV was redshifted
to easily observed optical range (Sawicki & Yee 1998; Pa-
povich et al. 2001; Shapley et al. 2005). Subsequently, the UV
surveys carried out by Galaxy Evolution Explorer (GALEX)
satellite (Martin et al. 2005) placed low-redshift (z < 0.3)
galaxies within the domain of SED fitting. Salim et al. (2005,
2007) performed the SED fitting of low-redshift galaxies by
combining the UV photometry from GALEX with the optical
photometry from Sloan Digital Sky Survey (SDSS). Further-
more, they utilized a Bayesian approach to SED fitting, fol-
lowing the methods pioneered by the Max Planck Institute for
Astrophysics / Johns Hopkins University (MPA/JHU) group
(Kauffmann et al. 2003a; Brinchmann et al. 2004; Tremonti
et al. 2004). Unlike the traditional best-fit (minimum χ2) ap-
proach, Bayesian SED fitting determines the full probability
distribution function of any parameter (or combination of pa-
rameters), yielding more robust parameter characterization,
along with its uncertainty (e.g., Taylor et al. 2011). Subse-
quent efforts expanded Bayesian SED fitting to include ther-
mal dust emission (da Cunha et al. 2008; Noll et al. 2009)
and star formation histories derived from cosmological simu-
lations (Pacifici et al. 2013).

Salim et al. (2007) (hereafter S07) performed a thorough
investigation of SFRs in the local universe and showed that
the UV/optical SED fitting is especially powerful for obtain-
ing SFRs of galaxies with low SSFRs. However, S07 used an
early GALEX data release covering only 10% of SDSS area.
Because of its preliminary nature, the catalog of physical pa-
rameters from S07 was not released to the public.

Here we present GALEX–SDSS–WISE Legacy Cata-
log (GSWLC) of physical parameters, which builds on
S07 UV/optical SED fitting efforts, but includes numerous
methodological improvements, such as UV photometry cor-
rections, flexible dust attenuation curves, and emission line
corrections. Many of these improvements were made pos-
sible by the use of the Code Investigating GALaxy Emis-
sion (CIGALE).10 (Noll et al. 2009, M. Boquien et al. in
prep.), to calculate the models and perform the SED fitting.
GSWLC contains SDSS galaxies within the GALEX foot-
print (regardless of the UV detection), covering 90% of SDSS
area. In addition to the stellar masses and the SFRs from
the UV/optical SED fitting, GSWLC also includes SFRs de-
rived independently from The Wide-field Infrared Survey Ex-
plorer (WISE, Wright et al. 2010) mid-infrared (IR) obser-
vations. Community access to the catalog is provided online
at http://pages.iu.edu/~salims/gswlc and from
Mikulski Archive for Space Telescopes (MAST).

After defining the scope and the sample of GSWLC (Sec-
tion 2), we describe the input data and the process of deriving
the parameters (Sections 3, 5 and 4). The catalog is described
in Section 6. In Section 7 we examine the contents of the
catalog, while in Section 8 GSWLC is compared to several
previously published catalogs of physical properties of SDSS
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Figure 1. Distribution on the sky of galaxies included in GALEX–SDSS–
WISE Legacy Catalog (GSWLC). Each panel shows SDSS target galaxies
as shaded areas, covering ∼ 9000 sq. deg. The SDSS Main Galaxy Sample
(MGS) legacy survey area consists of the contiguous area on the left (North-
ern Galactic Cap) and three horizontal stripes on the right. Non-stripe ar-
eas on the right are primarily from SDSS BOSS survey of passive galaxies.
BOSS galaxies are also interspersed in the contiguous area on the left. Su-
perimposed on each panel in color are SDSS galaxies that fall within the
coverage of one of GALEX imaging surveys: shallow (all-sky) survey (AIS),
medium-deep survey (MIS) and the deep survey (DIS), thus defining the cov-
erage of GSWLC-A, M and D. Percentage of SDSS targets covered by each
GALEX survey is indicated in the upper right corner of each panel.

galaxies.

2. SAMPLE

2.1. Scope and SDSS target sample
GSWLC is built around SDSS Main Galaxy Sample (MGS,

Strauss et al. 2002), the most extensive spectroscopic survey
of low-redshift (z< 0.3) universe. More specifically, GSWLC
includes all MGS-like SDSS galaxies that fall within GALEX
footprint, covering ∼90% of SDSS area, or ∼8000 sq. deg.
Galaxies are kept in the sample regardless of the detection in
the UV, thus retaining the optical selection. SDSS and GALEX
data were obtained through SDSS CasJobs SQL server.

The majority of low-redshift galaxies in SDSS were tar-
geted spectroscopically as part of the magnitude-limited
MGS, one of the three original (“legacy”) spectroscopic sur-
veys (others being the luminous red galaxy, LRG, and quasar
surveys). Legacy surveys were completed in 2008 with the
release of DR7 (Abazajian et al. 2009), and cover a large con-
tiguous area in the Northern Galactic cap, and three separate
stripes in the Southern Galactic cap (Figure 1). These areas

http://pages.iu.edu/~salims/gswlc
http://cigale.lam.fr


GALEX–SDSS–WISE LEGACY CATALOG 3

lie almost entirely in the Northern sky (δ > −10◦), and mostly
at high Galactic latitude (|b|> 30◦).

MGS selection algorithm targets non-stellar objects with
well-measured photometry brighter than rpetro = 17.77, with
some additional cuts based on surface brightness (Strauss et
al. 2002). The magnitude limit of MGS yields a sample of
galaxies peaking at z ∼ 0.1, with very few galaxies above
z = 0.3.

Selection of SDSS targets is performed on DR10 (Ahn et al.
2014), based on the SpecPhoto table, which combines pri-
mary (non-duplicate) photometric objects with primary spec-
troscopic observations. Nevertheless, in 25 cases more than
one primary spectrum was found for the same photometric ob-
ject, in which case we selected the spectrum that was closest
to the photometric position, leaving 730,288 unique objects
(objets with unique ObjID). These SDSS targets constitute
shaded areas in Figure 1.

Our selection for inclusion in GSWLC consists of only two
criteria:

rpetro < 18.0
0.01< z< 0.30 (1)

The first criterion replicates MGS brightness cut, with some
rounding to allow for targeting photometry fluctuations. The
second cut removes stars and very nearby galaxies whose pho-
tometry is likely to be less accurate because of their large an-
gular size (West et al. 2010), and whose redshifts are poorer
indications of the distance (Tully et al. 2016). GSWLC there-
fore includes the entire MGS, complemented by MGS-like
galaxies from other programs that fall within the brightness
(and, effectively, the redshift) cut of MGS: 5.2% from BOSS
(typically ellipticals), and the remaining 2.1% from other sur-
veys (QSO, SEGUE). For studies that focus on general popu-
lation of galaxies, it is strongly recommended to use only the
MGS galaxies (flag_mgs = 1 in GSWLC).

2.2. The final sample
GSWLC includes all SDSS targets within areas covered by

GALEX, regardless of a UV detection. GALEX has observed
the sky in 1.2 deg. wide circular fields (“tiles”), with a wide
range of exposure times (Morrissey et al. 2007). The greatest
UV sky coverage is provided by shallow (∼ 100 s) observa-
tions, most of which were taken as part of the All-sky Imaging
Survey (AIS). GALEX could not safely point in the direction
of bright stars, so even the All-sky survey’s coverage contains
holes. Observations of medium depth, corresponding to one
GALEX orbit (∼ 1500 s), are the basis for Medium Imaging
Survey (MIS), which specifically targeted areas within SDSS
footprint. For select fields, deeper observations were obtained
by co-adding the observations from multiple orbits, to pro-
duce the Deep Imaging Survey (DIS), with nominal exposure
time of 30,000 s.

Since the accuracy of UV photometry, and consequently of
the derived physical properties, will depend on the depth of
the observations, we produce three separate catalogs, each ap-
proximately corresponding to shallow (all-sky; A), medium
(M), and deep (D) UV imaging surveys. The catalogs are
designated as GSWLC-A, GSWLC-M, GSWLC-D. Each cat-
alog is based only on GALEX imaging of certain depth, even
if deeper exposures of an object exist:

GSWLC − A : tNUV ≤ 650
GSWLC − M : 650< tNUV < 4000
GSWLC − D : tNUV ≥ 4000

(2)

where the exposure times in NUV band are given in seconds.
FUV exposure times are typically identical to NUV times (the
two bands were observed simultaneously), except in cases
when the FUV image was missing due to camera malfunction.
Note that in GSWLC-M we also include individual visits used
for DIS co-adds, since the exposure times of individual visits
fall in the range for GSWLC-M.

To define the final samples for inclusion in the catalogs, we
take all SDSS targets from Section 2.1 that fall within 0.6 deg
of GALEX tile centers of the specific UV survey (A, M or D).
This gives the following final sample sizes:

GSWLC − A : 640,659 (88%)
GSWLC − M : 361,328 (49%)
GSWLC − D : 48,401 (7%)

(3)

where the percentage indicates the fraction of all SDSS DR10
targets. GSWLC-M contains 7× as many galaxies as the MIS
sample used in S07. Since GALEX surveys are nested, objects
in the deeper catalogs are mostly included in the shallower
ones. The number of unique galaxies encompassed by the
three catalogs, 658,911, is therefore only slightly larger than
the number of objects in GSWLC-A, and corresponds to 90%
of SDSS target sample.

2.3. SDSS-GALEX matching
GALEX data are taken from the final data release (GR6/7)

11. Matching of SDSS to GALEX is in general a non-trivial
task (Budavári et al. 2009) because of the changes in galaxy
morphology with wavelength, and different resolutions (5′′
for GALEX vs. 1.′′3 for SDSS). Furthermore, the GALEX
data release contains detections of same objects from multi-
ple tiles. Thus, one needs to address the cases when multiple
UV candidates exist for an optical source, and when the UV
source may be a blend of two or more optical sources.

In our case, the problem of SDSS–GALEX matching is
significantly alleviated by the fact that it involves relatively
bright objects, having low sky density. In particular, we find
that there are essentially no cases of genuine multiple UV can-
didates within 5′′ search radius. The choice of search radius
is based on GALEX positions of isolated SDSS targets, for
which we find negligible bulk offset with respect to SDSS
(0.′′2 in either RA or Decl.), and 1σ 1D positional uncer-
tainty of 1.′′3. When multiple UV candidates are nominally
present, they are either due to multiple observations (overlap-
ping tiles), or from NUV and FUV detections of the same ob-
ject that were erroneously left as separate sources in GALEX
merged-band catalog. When there are multiple observations
of the same object, we take the one from the tile with the
longest FUV exposure (if no candidate has an available FUV
image, the tile with the longest NUV exposure is selected).

While each SDSS object has an unambiguous GALEX
match, the UV measurement may still be affected by blend-
ing of several objects independently detected in SDSS. We
will address this issue and describe the implemented solution
in Section 3.

UV detection rates of SDSS objects (3σ threshold, either
UV band) are 54% for GSWLC-A, 74% for GSWLC-M and
84% for GSWLC-D. Besides the UV survey depth, the detec-
tion rates depend strongly on galaxy’s SSFR or color, as can
be seen from Figure 2, where we plot the detection rates as a

11 http://galex.stsci.edu/GR6/

http://galex.stsci.edu/GR6/
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Figure 2. UV detection rates of different GSWLC catalogs (defined by UV
survey depth). Detection rate is shown as a function of r magnitude, sepa-
rately for blue (g − r < 0.7, observer frame; blue lines) and red galaxies (red
lines). The detection rate of red galaxies is strongly dependent on UV depth
and magnitude.
function of r-band magnitude, separately for blue (g−r< 0.7)
and red galaxies.

2.4. SDSS-WISE and 2MASS matching
GSWLC utilizes WISE observations at 22 µm (WISE

channel W4) to determine SFRs independently from the
UV/optical SED fitting. The depth of WISE observations over
the sky is not uniform (6± 1 mag Vega), but is still much
more uniform than GALEX depth, and essentially covers the
entire sky without gaps. FWHM of W4 PSF is 12′′. We
use 22 µm photometry from two independent reductions of
WISE data. The first is the official AllWISE Source Catalog12,
hosted at IPAC Infrared Science Archive (IRSA) at the Cal-
tech/JPL, and the second is the “unWISE” reduction (Lang et
al. 2016)13, where SDSS detections served as forced photom-
etry priors.

To match SDSS to AllWISE, we take the closest candidate
in a 5′′ search radius. Note that AllWISE detections and as-
trometry are based on simultaneous PSF-matched fit to all
channels. Thus, the shorter-wavelength channels (3.4 (W1)
and 4.6 µm (W2)), which have smaller PSF widths (6′′) and
higher S/N, will dominate the astrometric accuracy (< 0.′′5).
This makes the adopted search radius sufficient to capture
genuine matches, and justifies taking the closer candidate in
case of multiple matches (3.2% of cases). The detection rate
of SDSS targets at 22 µm (based on 2σ threshold of profile
magnitudes) is 32%, which is lower than the detection rate of
GALEX.

Since unWISE catalog is derived based on SDSS DR10 de-
tections, no matching is required (sources already carry SDSS
ObjID). Forced photometry increases the S/N of measured
fluxes, so the 2σ detection rate is 41%,a third higher than of
the official catalog.

Near-IR photometry (JHKs) is taken from 2MASS Ex-
tended Source Catalog (XSC), also hosted at IRSA. We match
SDSS to 2MASS XSC by selecting the closest candidate
within 5′′ search radius. The detection rate of SDSS targets is
48%.

3. DATA

12 http://wise2.ipac.caltech.edu/docs/release/
allwise/.

13 unwise.me.

The data used to construct GSWLC consist of broad-
band photometry (magnitudes or fluxes and their errors) from
GALEX, SDSS and WISE, and redshifts from SDSS. Compar-
ison datasets will also use line fluxes from SDSS spectra.

3.1. Optical photometry
SDSS offers several choices for galaxy photometry:

modelMag (magnitude extracted assuming either de Vau-
couleurs or exponential profile), cmodelMag (weighted av-
erage of de Vaucouleurs and exponential magnitudes) and
petroMag (surface-brightness dependent aperture magni-
tude). The usual practice in SED fitting is to use fluxes
that yield most accurate colors. Of SDSS magnitudes, the
ModelMag best fulfills that role. We confirm that this is the
optimal choice by finding that the best-fitting models (based
on optical fitting alone) have three times lower median χ2

when modelMag are used as opposed to cmodelMag or
petroMag. Also, SSFRs obtained from UV/optical SED
fitting that uses modelMag magnitudes have a smaller scat-
ter with respect to SSFRs from WISE and from Hα. While
ModelMag produces stable colors, the degree to which it will
estimate the total light will depend on galaxy size, morphol-
ogy (Bernardi et al. 2010; Taylor et al. 2011) and color gra-
dient. Simard et al. (2011); Meert et al. (2016) have derived
magnitudes that were designed to better capture the total light
in each band. Readers can use those catalogs to scale our esti-
mates of the stellar mass and SFR, if that is required for their
goals. Based on the comparison of ModelMag and Meert
et al. (2016) r-band magnitude, the typical correction should
nevertheless be relatively modest (+0.03±0.08 dex).

3.2. UV photometry and corrections
The GALEX source catalog offers only one measure of flux

that is recommended for galaxies: MAG_AUTO, a Kron el-
liptical aperture magnitude derived by SExtractor (Bertin &
Arnouts 1996). We investigate the differences in the method-
ology of this measurement compared to the one used for
SDSS photometry, as well as the effects of lower GALEX
resolution, by deriving MAG_AUTO magnitudes of 1000 ran-
domly selected SDSS targets whose g-band images were de-
graded to match GALEX resolution. By comparison with iso-
lated sources, we find that the differences between GALEX-
resolution MAG_AUTO and SDSS resolution modelMag are
dominated by systematic offsets (up to 0.4 mag) arising from
close companions (especially at d < 10′′) which become
blended in lower resolution, rather than the differences in the
methodology of magnitude measurement (< 0.1 mag differ-
ence).

To account for the systematics that arise from both the dif-
ference in GALEX and SDSS resolutions and the methods of
flux measurement, we derive and implement several correc-
tions to UV fluxes. Corrections are derived by comparing
the UV magnitudes predicted from optical-only SED fitting of
star-forming galaxies (g − r < 0.7) with the actual UV magni-
tudes. While any individual predicted UV magnitude is crude
(σ ≈ 0.4 mag in NUV), the corrections are accurate owing to
a very large number of galaxies that define them.

First, we confirm that there are no zero-point offsets be-
tween the predicted and the actual UV magnitudes. Next, we
find that a small edge-of-detector correction is required for
NUV, but not FUV, photometry. NUV magnitudes of sources
that appear in the outermost 8′ annulus of the field of view,
which accounts for 40% of the detector area, are up to 0.1

http://wise2.ipac.caltech.edu/docs/release/allwise/
http://wise2.ipac.caltech.edu/docs/release/allwise/
unwise.me
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mag too bright, possibly because of an inaccurate flat field-
ing. The amount of correction depends linearly on the radial
position within the annulus:

NUVcorr = NUV + 0.78 FOV − 0.37, FOV> 0.47 (4)

where FOV is the distance from the center of the tile in de-
grees.

Next, we derive the centroid shift correction. The shift be-
tween optical and UV positions arises due to random errors,
mostly from the lower accuracy of the GALEX astrometry,
but also from the differences in UV versus optical morphol-
ogy, which has a slight effect on the measured magnitudes.
Again, using the difference between predicted and observed
NUV magnitudes, we find the following correction:

UVcorr = UV + 0.054 ∆x − 0.049, ∆x> 0.′′7 (5)

where ∆x is the shift between GALEX and SDSS positions
in arcsec. Correction is not applied when ∆x ≤ 0.′′7, where
random errors dominate. We apply the same correction to
NUV and FUV magnitudes.

By far the most significant correction for UV magnitudes
is due to blending. The degree to which a GALEX magnitude
will be affected by blending will depend both on the relative
brightness of the nearest companion (any SDSS photometric
object) and its separation (d) from the target. We construct
corrections (same for NUV and FUV) as a function of the
difference in g magnitude (∆g = gcomp −gtarget) for four ranges
of separation:

UVcorr = UV − 0.036∆g + 0.37, d < 4′′
UVcorr = UV − 0.046∆g + 0.35, 4′′ ≤ d < 10′′
UVcorr = UV − 0.019∆g + 0.15, 10′′ ≤ d < 15′′
UVcorr = UV − 0.006∆g + 0.04, 15′′ ≤ d < 20′′

(6)

We note that even though the corrections to UV magnitudes
may be significant for individual objects (in particular those
with a close blended companion), the SFRs for the majority
of star-forming galaxies are not significantly affected by their
application.

We use FUV fluxes measured at NUV positions
(FUV_NCAT) rather than from independent FUV detections,
as they provide more robust UV color. Both NUV and FUV
measurements require a 3σ threshold in FLUX_AUTO.

3.3. Galactic reddening and calibration errors
SDSS and GALEX photometry must be corrected for galac-

tic reddening. We find that the combination of extinction co-
efficients from Peek & Schiminovich (2013) for UV bands
and Yuan et al. (2013) for optical bands produces somewhat
better fits (∼ 10% smaller χ2) than the corrections based on
Schlegel et al. (1998), or on Yuan et al. (2013) alone. We
reproduce the adopted corrections here.

AFUV = 10.47E(B −V ) + 8.59E(B −V )2 − 82.8E(B −V )3

ANUV = 8.36E(B −V ) + 14.3E(B −V )2 − 82.8E(B −V )3

Au = 4.39E(B −V )
Ag = 3.30E(B −V )
Ar = 2.31E(B −V )
Ai = 1.71E(B −V )
Az = 1.29E(B −V )

(7)

Photometry catalogs usually list only random flux errors,
without systematic, or calibration errors. We find that the de-
fault CIGALE padding of formal photometry errors by the
addition (in quadrature) of 0.1 mag to catalog magnitude er-
rors to account for systematic errors in models and photom-
etry leads to a significant loss of derived physical parameter
accuracy, as evidenced by 50% larger scatter when derived
SFRs are compared with independent SFR estimates. Instead,
following S07, we add more modest calibration errors (deter-
mined from repeat observations) of (0.052, 0.026, 0.02, 0.01,
0.01, 0.01, 0.01) mag in (FUV, NUV, u, g, r, i, z), plus the
u-band red leak error of σu,RL = 0.0865(r − i)2 + 0.0679(r − i),
derived in S07 based on the description of red leak in Abaza-
jian et al. 2004. The validity of the adopted calibration errors
is verified by constructing the distribution of magnitude resid-
uals (fitted minus real magnitude divided by the total error),
which follow unit Gaussians.

3.4. Mid-IR photometry and ancillary data
We derive what we refer to as “mid-IR SFRs” using two

types of 22 µm magnitude (flux) measurements. The first is
what AllWISE Source Catalog calls a profile-fitting magni-
tude (w4mpro). The profile is simply the PSF, so these mag-
nitudes are essentially PSF magnitudes, and are thus most
appropriate for unresolved sources. Since the PSF FWHM
at 22 µm is 12′′ , which is larger than 91% of galaxies (r90
size), these magnitudes are reasonably appropriate for SDSS
galaxies. Yet, PSF magnitudes will systematically underes-
timate the flux in larger galaxies. This is largely remedied
in forced photometry from unWISE catalog, which applies
SDSS-measured galaxy profiles (convoluted with W4 PSF)
as photometry priors.

To derive emission-line SFRs (which we call “Hα SFRs”),
we use Hα and Hβ fluxes from the MPA/JHU catalog, based
on DR714. Measurement of emission line fluxes is described
in Tremonti et al. (2004). We also use the emission-line (BPT
diagram, Baldwin et al. 1981) classification of galaxies from
the MPA/JHU catalog, derived as described in Brinchmann et
al. (2004) (hereafter B04).

4. DERIVATION OF MID-IR AND EMISSION-LINE SFRS

Although CIGALE allows the IR dust emission to be fit in
conjunction with the stellar emission, we derive the mid-IR
SFRs separately, to avoid potential systematics. For example,
CIGALE normalizes the IR SED template, so that the total
dust emission (i.e., total IR luminosity, LIR) equals the stel-
lar emission absorbed by the dust in the UV/optical/near-IR.
However, the shape of the IR SED is a free parameter Noll et
al. (2009), which means that without the far-IR SED, as in the
case of WISE data, the IR luminosity will not be strongly con-
strained, and could thus be driven, through energy balance
requirement, by any potential systematics in the estimate of
the absorbed stellar luminosity, such as those that would arise
from incorrect assumptions about the attenuation law.

Instead, accurate IR luminosities can be obtained from 22
µm observations using luminosity-dependent IR templates,
and these estimates can then be compared to the results of the
SED fitting of the stellar emission (for actively star-forming
galaxies, where dust heating by young stars dominates), to
verify whether energy balance is satisfied.

14 http://www.mpa-garching.mpg.de/SDSS/DR7
http://home.strw.leidenuniv.nl/~jarle/SDSS/.

http://www.mpa-garching.mpg.de/SDSS/DR7
http://home.strw.leidenuniv.nl/~jarle/SDSS/


6 SALIM ET AL.

Figure 3. Comparison of IR luminosities derived from WISE 22 µm flux,
against Herschel+WISE IR luminosities from Rosario et al. (2016). Our
WISE IR luminosity is based on a single flux point in the mid-IR, converted
to total IR luminosity using the luminosity-dependent IR templates of Chary
& Elbaz (2001), whereas the Herschel+WISE IR luminosity comes from 22
µm and sub-mm (250–500 µm) measurements. The two estimates agree very
well. Solid line is a 1:1 relation.

Another advantage of performing the stellar SED fitting
separately is that in a joint fit to stellar and dust emission
one also has to worry about the contamination of IR emission
from dust-obscured Type 2 AGN (such as Seyfert 2, or high-
excitation radio galaxies, Yan et al. 2013; Pace & Salim 2016).
While the AGN contribution can be modeled in CIGALE, it
introduces additional degrees of freedom, further weakening
the usefulness of an energy balance requirement, in particular
when only mid-IR photometry is available.

The mid-IR SFRs that we report in GSWLC are computed
as follows. First we calculate the total IR luminosity (8-
1000 µm) by interpolating the luminosity-dependent IR tem-
plates of Chary & Elbaz (2001) so that they match the 22 µm
flux. We also tested using Dale & Helou (2002) templates,
which do not have an associated luminosity, but the IR SED
shape-luminosity dependence is imposed from empirically-
calibrated relations of Marcillac et al. (2006). The two meth-
ods produce very similar IR luminosities (average difference
0.01 dex, scatter 0.02 dex), but Chary & Elbaz (2001)-based
luminosities are marginally (< 2%) better correlated with IR
luminosities from Herschel, so we adopt them for GSWLC.

We check the robustness of our 22 µm-derived IR lumi-
nosities by comparing them to IR luminosities derived for
SDSS Stripe82 galaxies by Rosario et al. (2016). Their IR
luminosity is obtained by fitting IR templates to WISE 22 mic
flux and the sub-mm fluxes from Herschel SPIRE (250, 350
and 500 µm). Because they have multiple flux points, they
derive IR luminosities from Dale & Helou (2002) IR tem-
plates that do not have an associated luminosity. The cross-
matched sample consists of 817 galaxies. As can be seen in
Figure 3, the agreement of IR luminosities is excellent, with
no (< 0.01 dex) systematic offset over the range probed by
Herschel (9.5 < logLIR < 11.4), perfect linearity, and a scat-
ter of only 0.07 dex. Comparison of the specific luminosities
(LIR/M∗), which removes the distance dependence (Section
7), reveals a mild non-linearity (with a slope of 1.10), in the
sense that WISE IR luminosities of galaxies with the lowest
specific luminosity (or SSFR) are 0.1 dex lower compared to
galaxies with the highest specific luminosity. While the agree-

ment between our and Rosario et al. IR luminosities is encour-
aging, there is a caveat that the latter are not fully independent
form our estimates, because both use 22 µm flux. The role of
22 µm flux point in Rosario et al. estimate is likely significant
given that their data do not sample the peak of the IR SED
(∼ 100µm).

The above comparison was carried out for 22 µm IR lu-
minosities derived using profile (PSF) fluxes from the offi-
cial AllWISE catalog. If we instead used 22 µm photometry
from unWISE (Lang et al. 2016), the small scatter with re-
spect to Rosario et al. (2016) Herschel+WISE IR luminosities
of σ = 0.07 dex (Figure 3) would grow to σ = 0.14. This does
not necessarily imply that unWISE fluxes are noisier, because
the Herschel+WISE uses the PSF flux from AllWISE catalog.

To obtain mid-IR SFRs from IR luminosity, we use a simple
conversion given by (Kennicutt 1998), adjusted to Chabrier
IMF using the 1.58 conversion factor (S07):

logSFR = logLIR − 9.966 (8)

where SFR is in M�yr−1 and LIR in L�.
To derive Hα SFRs, which we use for comparison pur-

poses, we take Hα fluxes and correct them using the Balmer
decrement method, assuming Case B recombination and the
Cardelli et al. (1989) extinction curve. Emission line fluxes
are measured within 3′′ SDSS fibers, which we find to cap-
ture, on average, 30% of the galaxy mass, depending on
galaxy’s distance, size and profile. Dust-corrected Hα fluxes
are then converted to SFR using the Kennicutt (1998) rela-
tion, adjusted by −0.24 dex (Muzzin et al. 2010) to convert
from Salpeter to Chabrier IMF. Comparison of fiber Hα SFR
with other, total SFR indicators, can be accomplished if all
measurements are converted to SSFRs. The Hα SSFR is ob-
tained by normalizing by the stellar mass present within the
fiber, which are taken from the MPA/JHU catalog. 15

5. DERIVATION OF PHYSICAL PARAMETERS FROM UV/OPTICAL
SED FITTING

5.1. Methodology
Physical parameters from UV/optical SEDs are derived us-

ing CIGALE (Noll et al. 2009, M. Boquien et al. in prep.), a
powerful code that produces libraries (grids) of model SEDs
and performs the SED fitting. The code was originally writ-
ten in Fortran and recently re-written in Python. It is contin-
ually being improved and expanded in capabilities. We use
the most recent Python version 0.9, which offers full control
over parameters that specify SF history, dust attenuation, and
emission line fluxes. This flexibility has proved essential in
order to derive robust results.

Model SEDs produced by CIGALE, and from which model
photometry is extracted, consist of UV/optical/near-IR stel-
lar emission (λ. 5µm), and, optionally, the IR dust emission
(λ & 5µm). Third, also optional component is the nebular
emission (lines and continuum). For reasons discussed in Sec-
tion 4, we will restrict the SED fitting to stellar emission, with
the contribution of emission lines included.

CIGALE synthesizes stellar emission based on either
Bruzual & Charlot (2003) (BC03) or Maraston (2005) (M05)
SPS. The most important difference between them is in the
treatment of the TP-AGB phase of stellar evolution (Maras-
ton 2011; Marigo 2015). CIGALE cannot currently include

15 Stellar masses and SFRs from the MPA/JHU catalog have been adjusted
from Kroupa to Chabrier IMF by applying −0.025 dex offset (S07).
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the contribution of emission lines in conjunction with M05
models, which, as we will demonstrate, are important for ob-
taining robust measurements. Therefore we opt to use BC03
models. The use of BC03 models may anyhow be a more
appropriate choice, given some evidence that BC03 models
better reproduce optical and near-IR colors than M05 models
(Kriek et al. 2010; Conroy & Gunn 2010; Zibetti et al. 2013).

CIGALE can also perform Bayesian SED fitting and report
the physical parameters and their errors. Bayesian SED fit-
ting consist of building probability distribution functions of
physical parameters by assigning probabilities to each model
spectrum (at a matching redshift) based on the goodness of
fit between the model and observed broad-band SEDs. The
methodology has been described in detail in S07, da Cunha et
al. (2008) and other papers. Walcher et al. (2011) and Conroy
(2013) provide comprehensive reviews of various aspects of
SED fitting. While SED fitting represents an optimal way to
extract information from photometry (and/or spectra), it will
be limited by the uncertainties in stellar and dust attenuation
models (Conroy et al. 2009; Conroy & Gunn 2010; Conroy et
al. 2010b; Mitchell et al. 2013), and the choice of priors (e.g.,
appropriate SF histories and dust attenuation laws).

In order to specify the modeling assumptions (e.g., which
dust model or parameterization of SF history to use) the usual
practice is to select the parameters that yield the smallest rel-
ative differences between the observed and the best-fitting
model photometry, i.e., that minimize some average χ2 of
the sample. However, in some cases different modeling as-
sumptions may lead to marginal changes in χ2 (suggesting
that UV/optical SED is degenerate with respect to them). We
will therefore require both the internal consistency (small χ2)
and the external one: maximum correlation of the SED fitting
SFR with respect to two entirely independently derived SFR
tracers (mid-IR and Hα).

In our analysis we assume a Chabrier IMF (Chabrier 2003).
CIGALE assumes a flat WMAP7 cosmology (H0 = 70 km s−1

Mpc−1, Ωm = 0.27).

5.2. Near-IR photometry
We perform SED fitting on UV and optical photometry,

(0.15-0.9 µm), omitting the longer-wavelength stellar emis-
sion (1.1-5.4 µm). The near-IR photometry is excluded be-
cause it increases the reduced χ2 values and worsens (albeit
slightly) the correlations with mid-IR and Hα-derived SFRs.
Parameters from the SED fitting are reliable to the extent
that the models are able to reproduce the observed colors.
We find that the model photometry, either based on BC03 or
M05, does not accurately reproduce the near-IR colors from
2MASS photometry. In particular, both models imply a strong
correlation between J − K and i − J, which is not seen in the
data (S. Salim, in prep.)

Stellar mass estimates based on near-IR photometry are of-
ten perceived as more accurate and/or more precise than those
based on optical bands, or that, at the minimum, the near-IR
photometry improves the precision of stellar mass estimates.
The reasoning underlying this claim is that stellar emission
peaks in the near-IR and that near-IR mass-to-light ratio is
less sensitive to the stellar population age, and the effects of
dust. While these arguments are correct, they do not take into
account large modeling discrepancies in the near-IR mass-to-
light ratios (McGaugh & Schombert 2014), arising due to the
uncertainties in our understanding of the post-main sequence
phases of stellar evolution, the phases which dominate the en-

ergy output in the near-IR (Conroy 2013). For example, van
der Wel et al. (2006) find that the inclusion of near-IR pho-
tometry in SED fits leads to discrepancies with respect to dy-
namical masses, and that these discrepancies depend on the
SPS model used.

Even if there existed no major uncertainties in the models
and no discrepancies between the models and the data (thus,
no concerns that the near-IR will affect the accuracy of mass
estimates), the improvement in the precision of stellar masses
achieved by adding the near-IR photometry to the optical pho-
tometry is much more modest than usually assumed. Taylor
et al. (2011) have studied physical parameters derived from
mock observations of GAMA galaxies when just the optical
photometry, or optical plus UKIDSS-depth near-IR photome-
try was used to perform the SED fitting. They show that the
improvement in the precision of stellar masses when the near-
IR photometry is added to SED fitting is small (0.05 vs. 0.06
dex, their Fig. A2). The parameter whose precision improves
the most is the stellar metallicity. Indeed, the sensitivity of
near-IR luminosities, and even red optical bands (i or z), to
metallicity (e.g., Fig. 9 of Courteau et al. 2014; Fig. 10 of
Taylor et al. 2011) is another reason why near-IR alone is a
more problematic tracer of stellar mass than the multi-band
optical light.

5.3. Star formation histories
In the following three sections we discuss the choice of

modeling parameters, starting with SF histories and metallic-
ities.

BC03 models are available for six stellar metallicities, of
which we use the higher four, from 0.2 Z� to 2.5 Z�, which
is an adequate range for most galaxies in SDSS (Gallazzi et
al. 2005).

We have considered two different parametrizations of SF
history offered by CIGALE: two-component exponential and
delayed exponential. In the two-component exponential
model, the SF history is a composite of two exponentially de-
clining functions (τ models), each with its own starting epoch
(age) and e-folding time. The normalization of the younger
population is specified by the mass fraction f , which can
also be set to zero, resulting in a single exponential model.
Each component starts at maximum value and then decreases
monotonically. In contrast, the delayed exponential SF his-
tory is smooth (e.g., Gavazzi et al. (2002)): it starts from zero
SFR, reaches a peak at some time and then declines. It is
given by:

SFR∝ t
τ 2 e−t/τ (9)

We find that as long as the parameters are chosen so that
the model colors (and more specifically, model SSFRs) cover
the range of colors or SSFRs present in observations (for de-
layed SFHs this requires allowing τ < 0 in Eq. 9), either SF
history will produce similar stellar masses and SFRs. Specif-
ically, there is no systematic difference for masses of non-
main sequence, low-SSFR galaxies (log SSFR< −11), while
the difference in masses for actively star-forming galaxies is
typically 0.1 dex. The difference in SFRs is similar in degree
(see also Boquien et al. 2014), and of the same sign, which
means that the difference in SSFRs is less than either the dif-
ference in mass or SFR. While both parametrizations perform
reasonably well, the two-component exponential SF histories
yield better fits (geometric mean of reduced χ2 0.7 vs. 1.0),
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presumably because, by not being smooth, they are able to
better match the bursty SF history of low-mass galaxies Weisz
et al. (2011). We thus adopt the two-component exponential
parametrization.

Delayed exponential models have been preferred over expo-
nential models in some recent studies (e.g., Simha et al. 2014).
However, there are important differences among the exponen-
tial models. If a single exponential model is assumed to have
started in the early universe (e.g., t0 ∼ 1010 yr), in order to ac-
knowledge the fact that galaxies contain ancient stellar pop-
ulations no matter how dominant the current episode of SF
may be (Aloisi et al. 2007), then such model will fail to repro-
duce the SSFRs of many star-forming galaxies today, simply
because log SSFRmax = log t−1

0 = −10. It is this naive imple-
mentation of the exponential model (e.g., Simha et al. 2014)
that results in inferior performance. The problem of single
exponential model not producing high SSFRs can be allevi-
ated by allowing the starting epoch of the model to be more
recent than the Big Bang. Though later epoch galaxy forma-
tion is obviously not realistic, it can instead be interpreted as
the epoch of peak of SF activity. Variable starting time was
assumed in essentially all work that base their SF histories
on a single exponential, including S07, which in addition had
stochastic bursts superimposed on exponential models.

Allowing recent starting times for the exponential model re-
sults in SFRs that are comparable to more sophisticated mod-
els.16 However, this approach will neglect (“outshine”) any
old population, resulting in somewhat underestimated masses
(Papovich et al. 2001; Michałowski et al. 2014). This problem
is resolved with a two-component exponential model used
here, where one component corresponds to high-redshift SF.
While more realistic SF histories may have multiple bursts,
or are in general quite variable (Weisz et al. 2011), model-
ing these features with high temporal precision is unimportant
from the standpoint of broad-band SED fitting, where even the
characteristics of the most recent burst cannot be constrained
with any precision because of the burst age vs. burst amplitude
degeneracy (e.g., Smith & Hayward 2015).

The parameters of the adopted two-component exponential
model are as follows. The formation time of the old popula-
tion is 10 Gyr before observation epoch, with e-folding times
that span a range from 850 Myr (fast decline that defines the
lower SSFR limit of log SSFR = −13.8) to nearly constant 20
Gyr (which has declined only 0.2 dex since formation). For-
mation times for the younger component span from 100 Myr
(the shortest timescale to which UV observations are sensi-
tive) to 5 Gyr. Their e-folding time is 20 Gyr, i.e., nearly con-
stant. In order to produce the highest SSFRs observed today
(log SSFR ∼ −8), the mass fraction of the younger compo-
nent must span up to f = 0.5. Thus our library of SF histories
looks like old exponentials with various decay times, with a
relatively flat burst superimposed.

5.4. Dust attenuation laws
CIGALE allows the dust attenuation law to be specified

as a simple power law (k(λ)PL ∝ λα, following Charlot &

16 Pacifici et al. (2015) report large (0.6 dex, on average) offsets at z> 1 be-
tween SFRs derived using their classical models (which assume exponential
histories with a range of formation times) and their more sophisticated mod-
els (SF history based on cosmological simulations). However, the two models
also assume different attenuation laws (fixed slope vs. multiple slopes), which
will affect the SFRs through the derived dust attenuation (see their Figure 6.),
so it is not clear that the difference in SF histories is responsible for most of
the offset.

Fall 2000), or according to the Calzetti et al. (2000) recipe
(k(λ)Cal). The Calzetti curve can be modified so that the over-
all slope becomes more or less steep, by multiplying it with
the power law of slope δ (Noll et al. 2009):

k(λ)mod = k(λ)Cal(λ/5500Å)δ

Note that slope modification changes RV from 4.05, the value
it has for the Calzetti curve. The attenuation law can be further
modified to include a UV bump of varying strength (Stecher
1965; Fitzpatrick & Massa 1986; Conroy et al. 2010a).

We systematically tested various modifications of the
Calzetti attenuation law. We produce model grids where the
range of color indices lies between E(B−V ) = 0.1 and 0.6 mag
for the young (< 10 Myr) population (i.e., the dust affecting
the nebular lines; equivalent to AHα = 0.25–1.5 mag). Attenu-
ation that affects older stars, and therefore most of the stellar
continuum, is taken to be smaller by a factor of 0.44, fol-
lowing Calzetti et al. (2000). The tests were carried out with
galaxies classified in the BPT diagram as star-forming, for
which mid-IR luminosity and dust-corrected Hα luminosity
provide reliable estimates of SFR. The results are illustrated
in Figure 4. The upper panels show the comparison between
SSFR obtained from the SED fitting, assuming the standard
Calzetti curve, which has no UV bump, against independently
derived mid-IR and Hα SSFRs. Note that the comparison is
carried out in terms of SSFR, which better reveals systematic
trends than the usual SFR comparison (Section 7). Similar
trends are seen vs. mid-IR and Hα. The differences increase
with the increasing SSFR until log SSFRSED = −9, in the sense
that the values derived from SED fitting assuming the Calzetti
curve tend to be up to 0.4 dex higher. At still higher SSFRs
however, there is reasonable agreement between the SSFRs,
as expected, since the Calzetti curve was derived from star-
burst galaxies with high SSFRs.

The middle row shows the comparisons when the Calzetti
law is modified to include a UV bump of varying intensity
(from no bump to 4× the MW value). The UV/optical SED
fits become formally better (geometric mean of reduced χ2s
goes from 1.3 to 0.8), and the correlation with mid-IR and Hα
SSFRs improves (from σ = 0.40 to 0.32 dex, for mid-IR com-
parison). However, the non-linearity (the slope of the correla-
tion featuring logarithms of SSFRs not being unity) persists,
as well as a tail of galaxies with unusually low SSFRs.

The bottom row shows the comparisons when the Calzetti
attenuation law is further modified to make it steeper (with
δ = −0.5 and −1.0), in addition to allowing the UV bump.
There is now a significant reduction in scatter with respect to
mid-IR and Hα SSFRs (σ = 0.23), and the relation is fairly lin-
ear. This is our adopted dust attenuation model. We note that
achieving this level of agreement between SED fitting SSFRs
and mid-IR SSFRs requires both the steepening of the attenu-
ation curve and the addition of the UV bump. Just steepening
the slope of the attenuation curve does remove most of the
non-linearity with respect to mid-IR SSFR (plot not shown),
but still yields relatively high reduced χ2 of 1.0, regardless of
the amount of steepening. In other words, the combination of
the two modifications is necessary to achieve both the small
χ2 values and good agreement with other indicators.

The agreement between SED and mid-IR SFRs demon-
strates that the energy balance is fulfilled when this modified
attenuation law is used: the energy absorbed by the dust in the
stellar SED matches the energy emitted in the IR.

We note that assuming an attenuation curve in a power-law
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Calzetti atten. curve + no UV bump   (χ2=1.3) 

Calzetti atten. curve + UV bump allowed   (χ2=0.8) 

Modified atten. curve + UV bump [= ADOPTED] (χ2=0.7) 

Star-forming (SF) 

SF SF 

SF SF 

SF 

Figure 4. The choice of attenuation law to use in UV/optical SED fitting. We show comparison between specific SFRs (SSFR) obtained from the UV/optical SED
fitting (assuming different attenuation laws) and SSFRs based on WISE 22 µm observations (mid-IR SSFR; left panels) and from Balmer-decrement corrected
Hα (right panels). The upper panels use the standard Calzetti attenuation curve. Strong trends against both SFR tracers are seen. They are reduced by allowing
for a UV bump (the middle row), which also improves the formal χ2 of SED fits. Further improvement, resulting in very good match with mid-IR and Hα SSFRs,
is achieved by also making the attenuation curve steeper than the Calzetti one (bottom row). The changes in SSFRs are mostly driven by the changes in SFRs,
rather than the stellar masses. Full line is a 1:1 relation, and the dashed line is the robust bisector linear fit (used throughout the paper). Standard deviation around
the fit, as well as the Spearman correlation coefficient, are given in each panel. For these and subsequent figures (except where noted) the lower redshift bound
is 0.025 in order to reduce AllWISE photometry systematics for galaxies having large angular size. In order to present a large number of data points without
blotting, we use grayscale where the shade scales as number of galaxies in pixel to the power of 0.3. Sublinear exponent is chosen to better show the outliers.
Shown are the data from GSWLC-M, but similar results are obtained with GSWLC-A or D.

form, having slopes α = −1.0 (preferred by the majority of
galaxies) and α = −1.5, and adding the UV bump to them,
has a similar effect to modifying the standard Calzetti curve
as described in the preceding paragraph. For comparison, the
standard Calzetti curve can be approximated in the UV range
by a power-law of slope α = −0.5.

It must be stressed that the differences in SSFR ob-
tained with various attenuation laws are largely driven by the
changes in SFR, rather than M∗. The stellar masses of star-

forming galaxies obtained with the Calzetti dust attenuation
law are on average only 0.06 dex lower than the stellar masses
obtained with the modified law. However, the masses of a
small number of individual galaxies, especially those with
very high SSFR, can differ up to 0.4 dex in either direction,
i.e., the dispersion of the two mass estimates increases with
SSFR. For completeness, we report that for passive galaxies
the use of the Calzetti dust law yields stellar masses that are
0.06 dex higher than the ones obtained with our modified at-
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No emission line correction   (χ2=1.2) 

Star-forming (SF) SF 

Figure 5. The effect on SSFRs of not correcting for nebular emission lines. This figure should be compared to the lower panels of Figure 4, where otherwise
identical models include the contribution of emission lines. Not correcting for emission lines produces overestimates of SED (S)SFRs of high-SSFR galaxies,
greater random errors (quantified as the standard deviation around the fit, blue dashed line) and also the increased mean reduced χ2.

tenuation law, and this difference is rather constant from one
passive galaxy to another, i.e., it has a small dispersion of only
0.02 dex.

We conclude that while star-forming galaxies may be gov-
erned by a range of attenuation laws, they generally exhibit a
steeper law than the standard Calzetti curve (δ = −0.6, on av-
erage), and include a UV bump (1.1 times the MW value, on
average). This average curve has RV ≈ 2.5, compared with
RV = 4.05 for the Calzetti curve, and agrees well with the
curve derived empirically by Conroy et al. (2010a): a MW-
like curve with RV = 2.0 instead of RV = 3.1 (reducing RV
makes the curve steeper). Evidence for a steeper-than-Calzetti
curve has been found in other studies as well (Charlot & Fall
2000; Buat et al. 2011; Wild et al. 2011; Hao et al. 2011;
Salmon et al. 2015), though not as steep as the one found
here and in Conroy et al. More detailed investigation of these
results and their implications will be presented in a separate
paper.

5.5. Correction for emission lines
Finally, we describe how we account for the flux from emis-

sion lines, which can have a significant effect on broadband
fluxes and colors of galaxies with high equivalent widths (Pa-
povich et al. 2001; Kauffmann et al. 2003a; Pacifici et al.
2015). CIGALE calculates the contribution of 124 lines, spec-
ified by metallicity (taken to equal the stellar metallicity of
SPS models) and ionization parameter. We select the lowest
ionization parameter available, log U = −3, as it produces the
biggest improvements and is closest to direct measurements
(Dopita et al. 2000; Liang et al. 2006).

The formal quality of UV/optical fits is significantly im-
proved by correcting for emission-line flux (geometric mean
of χ2

red drops from 1.2 to 0.7). More importantly, account-
ing for emission lines significantly improves the correlation
of SED SSFRs with other indicators. For galaxies with high
SSFRs, not correcting for emission lines produces offsets of
up to 0.5 dex, as can be seen by comparing Figure 5, which
does not correct for emission lines, with the lower row of Fig-
ure 4. Emission line correction makes very little difference
for stellar masses, which change by < 0.01 dex on average.

While the addition of emission line to model fluxes results
in overall improvement, the correction is not perfect. Nebular
metallicity is fixed to stellar metallicity, which is not realistic.
Also, the ionization parameter of many galaxies is lower than

the minimum ionization parameter available in CIGALE. We
see some redshift-dependent trends in SFR, as lines straddle
across the bandpasses. We account for this systematic offset
(∼0.1 dex on average) by deriving an average correction, in
0.01 wide bins of redshift, with respect to SFRs from B04 (us-
ing galaxies classified as star-forming; Section 8.2), and ap-
plying it to all SFRs from the SED fitting. We use B04 SFRs
for this correction instead of mid-IR SFRs, because the latter
are available for only 63% of star-forming galaxies. Never-
theless, the correction would have been essentially identical if
mid-IR SFRs were used.

5.6. Derived parameters
In summary, for each 0.01-wide redshift bin, from 0.01 to

0.30, we calculate a grid of 342,720 models, a factor of three
increase in the number of models and a factor of 5 increase in
redshift resolution with respect to what was used in S07.

From the SED fitting we report the logarithm of the cur-
rent stellar mass (M∗), the logarithm of the SFR averaged
over the last 100 Myr (the timescale for UV emission), and
dust attenuations in FUV, B and V rest-frame bands. For each
of these parameters CIGALE builds a probability distribution
function (PDF). The nominal value of the reported parameter
is the average of the PDF. We have performed mock fitting,
in which true parameters are known, and find that the aver-
age of the PDF better retrieves the parameters than the me-
dian, and much better than the parameter corresponding to the
best-fitting model. The best-fitting parameters are volatile and
suffer from grid discreteness (e.g., Taylor et al. 2011). The
formal error of the parameter is taken as the second moment
(standard deviation) of the PDF. By default CIGALE applies
a minimum error in the case the error from the PDF is lower
than it, but we have disabled this adjustment. Instead, we cau-
tion the reader that the robustness of the error estimated from
the PDF will depend on the goodness of the fit, i.e., it will be
most accurate when χ2

r ∼1.

6. GSWLC

In Table 1, we describe the contents of the catalog which
includes various IDs, coordinates, the SED fitting parame-
ters (SFR, M∗ and dust attenuations in several bands), mid-IR
SFRs and flags. Flags describe cases when the SED parame-
ters or the mid-IR SFRs are not listed, as we discuss further
below.
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Table 1
Contents of GALEX–SDSS–WISE Legacy Catalog (GSWLC).

Column number Column name Units Description

1 ObjID SDSS photometric identification number
2 GLXID GALEX photometric identification number
3 plate SDSS spectroscopic plate number
4 MJD SDSS spectroscopic plate date
5 fiber ID SDSS spectroscopic fiber identification number
6 RA deg Right Ascension from SDSS
7 Decl. deg Declination from SDSS
8 z Redshift from SDSS
9 χ2

r Reduced goodnes-of-fit value for the SED fitting
10 logM∗ M� Stellar mass
11 σ(logM∗) M� Error of the stellar mass
12 log SFRSED M�yr−1 UV/optical (SED) star formation rate
13 σ(logSFRSED) M�yr−1 Error of the SFR
14 AFUV mag Dust attenuation in rest-frame FUV
15 σ(AFUV) mag Error of dust attenuation in FUV
16 AB mag Dust attenuation in rest-frame B
17 σ(AB) mag Error of dust attenuation in B
18 AV mag Dust attenuation in rest-frame V
19 σ(AF ) mag Error of dust attenuation in V
20 flag_sed SED fitting flag (0 = OK, 1 = broad-line spectrum, 2 = χ2

r > 30, 5 = missing SDSS photometry)
21 UV survey 1 = GSWLC-A, 2 = GSWLC-M, 3 = GSWLC-D
22 log SFRmid−IR,AW M�yr−1 Mid-IR star formation rate from WISE (AllWISE catalog)
23 flag_wise Mid-IR SFR (AllWISE) flag (0 = OK, 1 = no mid-IR SFR (low SSFR), 5 = no 22 µm detection)
24 log SFRmid−IR,uW M�yr−1 Mid-IR star formation rate from WISE (unWISE catalog)
25 flag_unwise Mid-IR SFR (unWISE) flag (0 = OK, 1 = no mid-IR SFR (low SSFR), 5 = no 22 µm detection)
26 flag_mgs 0 = not in SDSS Main Galaxy Sample (MGS), 1 = in MGS

Columns 10-19 originate from the SED fitting. If there are multiple reasons for setting the flag, the flag value wil be the sum of individual flag values.
When the SED (or un/wise) flag is set, the SED fitting parameters (or mid-IR SFR) are not given. Mid-SFRs based on unWISE are recommended over
the AllWISE ones for z < 0.06 samples, large (r > 10′′) galaxies, or studies that explore dependence of SFR on galaxy size or shape. SFRs and stellar
masses are based on Chabrier IMF. Missing values are listed as -99.

GSWLC-A 

GSWLC-M 

GSWLC-D 

σ(M*) 

σ(M*) 

Figure 6. Mean random error of SED fitting SFR (thick lines) and stellar
mass (thin lines) as a function of SSFR and UV survey depth. The second
moment of the parameter probability distribution function is adopted as the
error of these parameters

To review, the criteria for inclusion in the catalog are for
an SDSS object to be covered by GALEX observations of a
certain depth, regardless of whether it was detected in the UV.
Furthermore, galaxies need to lie in 0.01 < z < 0.30 redshift
range and be above rpetro = 18.0 magnitude threshold.

Approximately 1% of SDSS targets have spectra classified
as “quasars” (CLASS = 1), based on the Balmer emission
lines being broad. These galaxies are therefore likely to be
Type 1 AGN, which includes Seyfert 1s, and, less frequently,
true quasars. In Type 1 AGN the accretion disk is not entirely
obscured and can contribute to the UV/optical continuum of

the host, which may significantly bias the derived SED pa-
rameters, especially the SFR. This is confirmed by the finding
that the geometric mean of the reduced χ2 values of the best-
fitting model of broad-emission line galaxies is 4 times higher
than of other galaxies. We flag such objects in the final catalog
and do not report their SED-fitting parameters. Type 1 AGN
are not obscured by dusty torus, which is why they mostly
contribute to the UV/optical SED. We thus leave their mid-IR
SFRs in the catalog, but they should still be used with caution
in case there is some AGN emission in the mid IR.

We produce three separate catalogs, GSWLC-A, M, and D,
according to the UV depth, as described in Section 2.2. In
addition, we produce a master catalog that combines the three
catalogs, keeping for each galaxy the data from the deepest
catalog. This catalog is designated GSWLC-X, and contains
658,911 objects. Readers are cautioned that non-uniform
depth may lead to systematics in SFRs, especially for galaxies
with log SSFRSED < −11 where the UV detection rate and the
resulting quality differ from survey to survey (Figure 6). On
the other hand, the stellar masses will not be subject to any
such biases. All catalogs have the same format as described
in Table 1.

The catalogs are currently publicly available at http:
//pages.iu.edu/~salims/gswlc, which will docu-
ment any changes implemented in subsequent versions. The
catalog letter designation is followed by a version number.
The analyses in this paper are all based on Version 1 cata-
logs (e.g., GSWLC-M1). GSWLC is also hosted at Mikulski
Archive for Space Telescopes (MAST) and may be included
in SDSS SciServer and/or hosted by NED/IPAC in the future.

In Figure 6 we show mean random errors of log SFRSED and

http://pages.iu.edu/~salims/gswlc
http://pages.iu.edu/~salims/gswlc
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Star-forming 
(det. rate 63%) 

AGN 
(det. rate 45%) 

no Hα in fiber 
(det. rate 5%) 

Figure 7. Comparison of UV/optical (SED fitting) and mid-IR SSFRs. Mid-IR SSFRs are derived from the 22 µm mid-IR photometry from WISE (AllWISE
catalog). Galaxies are split into SF and AGN classes according to the position in the BPT emission line diagram. The AGN category includes all galaxies on
the AGN branch (i.e., including the galaxies that B04 calls SF/AGN composites and LINERs). Galaxies with lines too weak to allow classification are presented
separately in the right panel. The left panel plots SF galaxies and shows the best fitting line along with its scatter and correlation coefficient. Galaxies below
dashed lines in middle and right panels have greatly overestimated mid-IR SFRs because their dust is primarily heated by old stars, invalidating the fixed LIR–SFR
conversion. Their mid-IR SFRs have been removed from GSWLC. Both SSFRs use the stellar mass from our SED fitting. Detection rate at 22 µm of a given
class of galaxy is given in each panel. Data in this and subsequent figures is from GSWLC-M.

log M∗ as a function of SSFR, for each of the three catalogs
GSWLC-A, M, D. Errors in SFR depend very strongly on the
SSFR, and for more passive galaxies also on the UV depth.
The decrease of errors at lowest and highest SSFRs is an arti-
fact of reaching the boundary of the model grid. For passive
galaxies the formal SFR errors range between 0.65 and 0.80
dex. However, the SFR error of passive galaxies that have
no current SF whatsoever (log SSFR−∞) is infinity (in log).
SFR values for galaxies with log SSFR< −11.7 (< −11.5 for
GSWLC-A; < −12.0 for GSWLC-D), should be considered
upper limits. For actively star-forming galaxies the SFR er-
rors are typically below 0.1 dex, a 50% improvement over
S07. Errors on stellar mass are typically much lower than the
SFR errors, with the opposite dependence on SSFR, and lit-
tle difference between the UV surveys. They range from 0.03
dex for the passive galaxies, to 0.10 dex for the most active
ones.

The geometric mean of the reduced χ2 values for the
GSWLC-M catalog is 0.7. However, the tail extends to χ2

r
values in excess of 100. Instead of introducing an arbitrary
cut to exclude poorly fit objects, we test the robustness of the
derived SFRs and stellar masses as a function of the reduced
χ2. We find that no systematic differences in excess of 0.1 dex
(with respect to mid-IR SFRs and stellar masses from B04)
are present when χ2

r ≤ 30. For those galaxies we retain the
physical parameters from the SED fitting, and annul them if
χ2

r > 30 (0.7%). Nevertheless, the readers are advised to treat
galaxies with χ2

r ≥ 5 with caution, especially for individual
galaxies.

7. COMPARISON BETWEEN SSFRS FROM THE SED FITTING,
MID-IR, AND Hα EMISSION

In this section we discuss comparisons between various
SFRs derived in this work: specifically, the UV/optical SS-
FRs from the SED fitting on the one side, and mid-IR and
Hα SSFRs on the other. We remind the reader that the SED
(S)SFRs are averaged over the preceding 100 Myr, the UV
emission timescale.

The paper breaks away from the usual practice of compar-
ing absolute SFRs, and instead performs the comparison in
terms of the specific SFRs. The standard SFR comparison
has its merits and may be more intuitive, however, when the

focus is on galaxies with similar stellar populations, subject
to similar systematics, the SSFR comparison has its advan-
tages: (1) SDSS probes a large dynamic range of distances,
and therefore of luminosities, which means that SFRs (and
stellar masses) will be correlated even if SFR/L (M∗/L) are
not. This “trivial” dependence is eliminated in SSFR. For
example, the correlation coefficient between SED and mid-
IR SFRs (of galaxies classified as star-forming), is rs = 0.86,
while it is rs = 0.72 for comparison involving SSFRs. Conse-
quently, the SFR comparison is seemingly tighter. (2) The
comparison of SSFRs is more informative because it con-
trasts galaxies which are physically similar. For example, a
galaxy with SFR= 10M�yr−1 can be a massive galaxy on the
star-forming sequence, or a lower-mass galaxy experiencing a
starburst. However, their SSFRs will be different. Or, a galaxy
with SFR= 0.01M�yr−1 can be a blue star-forming dwarf, or a
massive red galaxy, but their SSFRs will differ by two orders
of magnitude. Finally, (3) the comparison in terms of SSFR
allows for a meaningful comparison between total and fiber
SF, as long as the fiber SFR is normalized by the stellar mass
within the fiber.

In Figure 7 we present the comparison of UV/optical SSFRs
(i.e., SED fitting SSFRs) against mid-IR SSFRs from WISE
22 µm photometry from AllWISE. We show the compar-
isons using medium UV depth catalog (GSWLC-M), which
balances the extensiveness of GSWLC-A with the depth of
GSWLC-D. All of the findings hold for the more accurate
GSWLC-D as well. We refrain from using GSWLC-X, be-
cause of its non-uniform UV depth. The comparisons are pre-
sented for galaxies split into three categories using the BPT
diagram (iclass in MPA/JHU catalog). The star-forming
class (iclass = 1) includes galaxies with well-measured
BPT lines and lying below the Kauffmann et al. (2003b) em-
pirical demarkation between galaxies with and without AGN
contribution. As we have already seen in Section 5), once we
have adopted an adequate attenuation law the comparison is
quite linear (slope in log-log plot equals 1), with no signifi-
cant systematics. Mid-IR SSFRs from WISE are available for
63% of galaxies in this class. The scatter around the bisector
linear fit (linear in log) is 0.23 dex, to which the measurement
errors of SED SFR and mid-IR SFR contribute approximately
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Figure 8. Comparison of UV/optical (SED fitting) specific SFRs against SSFRs from dust-corrected Hαemission. SED fitting SSFRs are integrated (total), while
Hα SSFRs are measured within SDSS fiber, covering on average 30% of galaxy mass. Galaxies are split using the BPT diagram as in Figure 7. The left panel
plots SF galaxies and shows the best fitting line along with its scatter and correlation coefficient. Hα SSFR is normalized by stellar mass within the fiber.

equally (0.15 dex each). Note that in all of the figures where
we show the linear fit, we use a robust (outlier-resistant) bisec-
tor least square fit, which treats the variables symmetrically,
i.e., no variable is considered independent.

Had we used mid-IR SSFRs based on unWISE photome-
try, the comparison would look similar, but would have 5%
greater scatter. We find a similar level of degradation with
respect to SSFRs based on Hα. We have not positively iden-
tified the cause of the increased scatter of SSFRs based on
unWISE compared to AllWISE photometry, but list two pos-
sible reasons. unWISE uses r-band profiles to extract pho-
tometry. Optical light in r band is dominated by the emis-
sion from older stellar populations, so it may not represent an
optimal prior for 22 µm observations, where the bulge emis-
sion is suppressed, while the star-forming regions in the disk
dominate. Another possibility is related to the fact that un-
WISE is based on cmodelmag profiles, whereas all other
SFRs are based on modelmag SDSS photometry. Despite
being somewhat noisier in comparisons with other (S)SFRs
overall, unWISE IR luminosities and SFRs are less biased for
large (> 10′′) galaxies (where the AllWISE PSF magnitudes
can underestimate the SFR by up to 0.1 dex), so we retain
them in GSWLC alongside SFRs from AllWISE catalog. Our
recommendation is to use unWISE SFRs in studies that ex-
plore dependence on galaxy size or profile (e.g., Sersic index)
and also in studies that focus on galaxies with large angular
diameter. Otherwise, AllWISE SFRs are recommended, and
we continue to focus on them in subsequent discussion.

The middle panel shows the comparison for AGN-hosting
galaxies. This category includes all galaxies above the Kauff-
mann et al. (2003b) line, i.e., what B04 call SF/AGN com-
posites, AGN (Seyferts) and LINERs (iclass = 3, 4, 5).
AllWISE detects 45% of such galaxies. First, we notice that
no correlation is present in the lower part of the plot, approx-
imately when log SSFRSED < −11. These are nearly quies-
cent galaxies of LINER type (thus, potentially passive galax-
ies with non-AGN emission lines Stasińska et al. 2008). For
such galaxies the IR emission, if detected, will be dominated
by dust heating by relatively dusty old or intermediate-age
(e.g. AGB) stellar populations(Bressan et al. 2001; Villaume
et al. 2015), and will therefore not be indicative of the cur-
rent SF (Salim et al. 2009; Cortese et al. 2008). When the
IR luminosity of such galaxies is converted into SFRs us-
ing simple, fixed-coefficient formulae (Eq. 8), which assume
dust is heated by young stars, the SFR will be overestimated

(Buat & Xu 1996; Kennicutt 1998; Boquien et al. 2016). For
AGN galaxies with higher SSFRs, the mid-IR SSFRs tend
to be up to 0.6 dex higher than the SED SSFRs, suggesting
a non-negligible dust heating by AGN, that produces excess
emission in the mid-IR. The excess appears to be greater for
increasing SSFRs, which would be expected if the gas both
fuels the SF and drives the AGN accretion (e.g., Kewley et al.
2006).

Classification of a galaxy as a star-former or AGN, as per-
formed by B04, requires minimum adjusted SNR of 3 in Hα
and other lines (≈ 7.4 in raw Hα SNR). Galaxies that are
too weak to allow classification, what we call “no Hα” cat-
egory (iclass = –1), are shown in the right panel. These
galaxies are mostly quiescent, so it is not surprising that the
AllWISE detection rate is only 5%. When detected, the ma-
jority of galaxies in this class have low SED SSFRs, as ex-
pected. However, mid-IR SSFRs can be too high by up to 2
dex, because the IR emission from old stars is interpreted as
current SF. We conclude that mid-IR SFRs are not reliable for
quiescent or nearly quiescent galaxies when obtained through
simple recipes that have a fixed conversion factor between IR
luminosity and SFR (Eq. 8), and therefore in GSWLC we re-
move mid-IR SFRs for galaxies for which log SSFRSED < −11
(dashed line in middle and right panels of Figure 7).

Interestingly, there are some galaxies in the “no Hα” class
for which the SED fitting SSFRs are quite high, overlapping
with the values of normal star-forming galaxies (log SSFR>
−10.5). It may seem contradictory that a galaxy with essen-
tially no Hα emission could have such high SSFR. There are
two possible reasons for this: (1) Difference in SF timescales.
Hα is not present because a galaxy is in a post-starburst phase
– UV and mid-IR emission will persist after the O-stars that
give rise to Hα emission have died off. In other words, high
SED and mid-IR SSFRs reflect recent, but not instantaneous
values. The post-starburst galaxies would form the tail of high
SSFRs in Figure 7 (right; log SSFR> −10). Their SED and
mid-IR SSFRs agree, with no mid-IR excess like the one seen
for AGNs. This suggests that post-starburst galaxies, which
are usually considered to be the results of mergers (e.g., Yang
et al. 2008), nonetheless do not have a significant AGN emis-
sion. (2) Hα is not present within the SDSS fiber, but the
SF (and presumably the Hα emission) is present outside of it.
Salim et al. (2012) and Fang et al. (2012) have studied such
population in detail with high-resolution UV, optical and Hα
imaging, and have confirmed that these are typically lenticu-
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lar (S0) galaxies with no SF in the bulge, but with low-level
SF present in a ring outside of SDSS fiber. The SSFRs of
such star-forming S0s would be in the range −12< log SSFR
< −10, i.e., lower than post-starburst galaxies.

Figure 8 shows equivalent comparison of SED SSFRs with
respect to Hα SSFRs. Hα SSFRs are measured within the
3′′ SDSS fiber, which covers between 17% and 50% of the
galaxy’s stellar mass. The comparison of star-forming galax-
ies (left panel) shows similar scatter as that seen with respect
to the mid-IR. The relation is somewhat SSFR dependent.
One expects the relation between total and fiber SSFR to be
linear (slope in log-log plot equal to 1) only if there are no
SSFR gradients. Somewhat increased nonlinearity for galax-
ies with log SSFRHα ≥ −9 suggests either that the SF tends
to be centrally concentrated so that it produces higher SS-
FRs within the fiber compared to the integrated SSFR, or, that
the fiber mass from the MPA/JHU catalog, which we use to
normalize the Hα SFR, is systematically underestimated for
bursty galaxies (Section 8.1).

For galaxies with AGN/LINER contribution (middle
panel), there are no systematic differences for hosts having
high SF (log SSFR> −10). This is in contrast to mid-IR SS-
FRs that showed an excess in this regime. Hα SSFRs start to
display systematic discrepancies at lower SSFRs, in the sense
that Hα SSFRs are up to 0.7 dex too low. We find that many
of such cases are galaxies with no optical signs of SF, either
photometrically (optical colors are red) or spectroscopically
(not much Hα), and yet the UV is clearly indicative of SF–
often the UV colors are noticeably blue and uniformly spread
across the disk. These galaxies may be in a declining phase of
SF where the UV emission is higher than the rapidly dimin-
ishing Hα.

For galaxies with "no Hα” (right panel), no correlation is
present, as expected given the weakness of Hα that defines
this category and making Hα SSFRs essentially meaningless.
There is an overdensity of galaxies below log SSFRSED = −12,
where SED SFRs estimates also become rather uncertain (Fig-
ure 6) and are more likely just the upper limits of galaxies with
no current SF whatsoever, such as the majority of early-type
galaxies.

To conclude, for actively star-forming galaxies all three in-
dicators (SED fitting, mid-IR, and Hα) provide robust mea-
surements of (S)SFR. For mid-IR, the depth of WISE allows
only 2/3 of SDSS galaxies to be detected. Hα (S)SFRs per-
tain only to the fiber. Mid-IR luminosity breaks down as a
SFR indicator for galaxies with log SSFRSED < −11, where
dust heating is dominated by old populations. This corre-
sponds to green-valley and quiescent galaxies. Furthermore,
the mid-IR SFR appears to be affected by AGN emission, lim-
iting its usefulness. SED SSFRs are measurements of choice
in low-SSFR regime, but even they become essentially upper
limits when log SSFRSED < −11.7 (for GSWLC-M; -12.0 for
GSWLC-D; -11.5 for GSWLC-A).

8. COMPARISON OF GSWLC WITH PREVIOUS CATALOGS

In this section we compare GSWLC stellar masses and SED
fitting SFRs (primarily through SSFRs) with those from pre-
viously published catalogs. The focus will be on (S)SFR
comparisons, which are more sensitive than stellar mass mea-
surements. We continue to present the comparisons us-
ing GSWLC-M, but the results hold with GSWLC-A and
GSWLC-D.

8.1. Comparison with MPA/JHU stellar masses

All galaxies 

Figure 9. Comparison of stellar masses from GSWLC-M and MPA/JHU
(DR7) catalogs, presented as the difference in masses as a function of SSFR.
Red curve are the averages of the difference in 0.2 dex wide bins, and the
blue curves are the averages ±1σ. GSWLC masses are on average higher
than MPA/JHU catalog masses because of the differences in the assumed
SF histories, but the difference is quite small (0.03–0.13 dex), and is SSFR
dependent. The standard deviation of the mass difference is typically 0.07
dex.

The MPA/JHU catalog is the most widely used source of
stellar masses for SDSS galaxies. Prior to DR7, the most
recent version of this catalog, the MPA/JHU catalog listed
stellar masses derived in Kauffmann et al. (2003a), using a
method that combines photometric information to assess dust
attenuation, and spectroscopic indices to constrain the SF his-
tory and mass-to-light ratio. Spectroscopic indices were mea-
sured within the fiber, so the method assumed no M/L gra-
dients. In the DR7 version of MPA/JHU catalog, the method
from Kauffmann et al. was replaced with the Bayesian SED
fitting method, using only the optical broad-band photometry
from SDSS (modelMag) and models described in S07. Here
we will only present comparisons with respect to DR7 version
of the MPA/JHU catalog.

As described in Section 5, GSWLC uses different speci-
fication of SF histories and dust extinction from those used
in S07 and the MPA/JHU catalog. Furthermore, unlike the
MPA/JHU catalog (but, like S07), GSWLC uses the con-
straints offered by UV photometry. Figure 9 shows the dif-
ference between GSWLC and MPA/JHU stellar masses as a
function of SSFR. Again, we prefer the presentation of the
results in this, relative, distance-independent way than the
usual mass vs. mass comparison. On average, GSWLC stellar
masses are somewhat higher than the MPA/JHU ones, with
typical difference being 0.03 dex for passive galaxies, and
∼0.13 dex for the active ones. The scatter of the difference
in mass, 0.07 dex, is consistent with the formal estimates of
the mass error (Figure 6). The inclusion of the UV photom-
etry is responsible for 0.04 dex increase for active galaxies.
The remaining 0.09 dex increase for active galaxies (and 0.03
dex increase for passive ones) is mostly due to our use of
two-component exponential SF histories. We confirm that the
difference would not have been present if we had used the
delayed exponential histories instead (Eq. 9). The critical dif-
ference between the delayed exponential and our implementa-
tion of the two-component exponential SF history is that in the
latter the old component starts in the early universe, whereas
the delayed exponential, having a single peak, will be shifted
towards later epochs. Recently, Sorba & Sawicki (2015) have
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Figure 10. Comparison of SSFRs from the SED fitting against aperture-corrected (total) SSFRs from the MPA/JHU DR7 catalog, derived based on a modified
Brinchmann et al. (2004) method. Galaxies are classified using the BPT diagram, as in Figure 7. SF class shows the best fitting line and its scatter and correlation
coefficient. Agreement is excellent for SF class, but systematics are present for low SSFR AGN and “no Hα” galaxies for which MPA/JHU SFRs are based on
indirect methods that are not sensitive to low levels of SF.

reported that the masses of nearby high-SSFR galaxies ob-
tained by summing up the masses in individual “pixels” are up
to 0.1 dex higher than the masses from integrated light. They
proposed that the difference arose from “outshining” of the
old, fainter populations in galaxies with younger populations
(high SSFR). It appears that our use of the two-component
exponential SF history, in which the old component is set to
have started in the early universe, may have recovered this
deficit.

More recently, stellar masses for SDSS galaxies were pub-
lished by Mendel et al. (2014) and Chang et al. (2015). The
differences of GSWLC masses with respect to these masses
follow the trends we have shown with respect to masses from
the MPA/JHU catalog: little difference for passive galaxies,
and up to 0.2 dex difference for galaxies with high SSFR.

Comparison of our masses obtained with and without the
UV photometry reveals that in the case when there is another
photometric source within 2–3′′, the masses obtained from
joint UV and optical photometry will be biased upward by
0.05 dex, presumably because of the unaccounted blending in
the UV. This affects only a few percent of all sources.

8.2. Comparison with MPA/JHU star formation rates
The MPA/JHU catalog also provides SFRs, and until re-

cently it was the only publicly available source of SFRs for
SDSS galaxies. SFRs derived in MPA/JHU follow the method
of B04, with modifications introduced in the most recent
(DR7) version of the catalog. We first describe both the orig-
inal method and its modifications, but the comparison will be
presented only for the DR7 version of MPA/JHU catalog.

MPA/JHU catalog (and the original B04) SFRs are often
described as Hα, or emission-line SFRs. This is accurate
only for the portion of a galaxy contained within the fiber,
and only for galaxies classified as star-forming using the BPT
diagram, for which the AGN contribution to emission lines
should be negligible. For galaxies with AGN contribution
or having weak lines (altogether 78% of SDSS galaxies),
B04 derive SFR in the fiber based on a relation between the
emission-line SSFR and D4000 index, constructed from star-
forming galaxies. Next, the SFR estimate within the fiber
is aperture-corrected to produce the total (integrated) SFR.
B04 performs this correction by first establishing the relation-
ship between fiber SSFR and the fiber broad-band colors of
star-forming galaxies, and then applying these relations in a

Bayesian fashion to the light outside of the fibers to arrive at
the out-of-fiber SFR. The total SFR is then obtained as the
sum of fiber and out-of-fiber SFRs. The DR7 MPA/JHU cata-
log modifies the procedure for deriving out-of-fiber SFRs, by
instead performing the SED fitting to ugriz photometry, us-
ing the models and methods described in S07. Altogether, the
SFR method of MPA/JHU catalog (and original B04) is an
emisison-line/D4000/SED fitting hybrid. The temporal sensi-
tivity of such SFRs will be between the ∼10 Myr timescales
traced by the emission lines and∼1 Gyr timescale for u-band
light.

S07 presented detailed comparison of their SED SFRs and
the original SFRs from B04. GSWLC contains many im-
provements over the S07 methodology, as does the MPA/JHU
catalog with respect to B04. The comparison of GSWLC-M
and DR7 MPA/JHU total SSFRs is given in Figure 10. It uses
the same division of galaxies into SF, AGN and “no Hα” cat-
egories as employed earlier. In order to decouple SFR and
mass systematics, both SSFRs are obtained by normalizing
by the same mass (from GSWLC). Note that for 3% of galax-
ies in MPA/JHU catalog the total SFRs are present even when
masses are not. We find that in those cases the reported to-
tal SFR is incorrect, and assumes the value of fiber SFR. We
exclude those values from the comparison.

SSFRs for star-forming galaxies (left panel) agree very
well, with a scatter of σ = 0.18, which is smaller than the scat-
ter of SED SSFRs with respect to mid-IR or Hα SSFRs (Fig-
ure 7 and 8). The comparison for AGN hosts reveals some
systematic discrepancies, especially for intermediate SSFRs,
which can in some cases reach ∼1 dex. We have already
seen similar, but smaller offsets in comparison with Hα fiber
SSFRs, which we attributed to optically (spectroscopically
and photometrically) inconspicuous SF. If we intentionally
leave out the UV bands from our SED fitting, the resulting
(ill-constrained) SSFRs are drawn to lower values (because
the majority of models with red optical colors has low SS-
FRs), in better agreement with B04 values, which derive the
greater part of their SFR (the out-of-fiber portion) from simi-
lar optical-only SED fitting.

Similar trends are present in galaxies with little or no Hα
emission in the fiber (right panel), except that the majority of
galaxies have low SSFRs (log SSFRSED < −11). In this class
of galaxies there exists a peculiar feature: a cloud of galaxies
lying∼1 dex above the 1:1 line, having high SED SSFRs (log
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SSFRSED > −10), but much lower MPA/JHU SSFRs. We con-
firm that these galaxies have robust SED fits and are UV de-
tected. In Section 7 we mentioned that “no Hα” galaxies with
high SSFRs are probably post-starburst galaxies. Such galax-
ies are traditionally identified as E+A galaxies, based on their
Balmer absorption features (Dressler & Gunn 1983). Now we
inspect the spectra of ∼200 of these outliers and confirm the
presence of Balmer absorption lines. Visually (gri compos-
ites), these galaxies appear like red early-type galaxies, often
with white centers, suggesting a central (post) starburst. We
match our sample to Goto (2007) catalog of E+A galaxies
(online version updated with SDSS DR7 data) and confirm
that the majority of their E+As are found in this region of the
plot. Why do the two methods yield discrepant SFRs for these
galaxies? We find that the SED fitting (S)SFRs of E+A galax-
ies are very sensitive to the assumed dust attenuation law,
more so than the normal star-forming galaxies. The (S)SFRs
that we obtain for E+As assuming the modified attenuation
law are an order of magnitude higher than what would be de-
rived using the nominal Calzetti law. The reduced χ2s are 5
times lower when the modified attenuation law is used. From
this we conclude that the high recent (S)SFRs of E+As that
we derive in GSWLC are more likely to represent true levels
of SF averaged over the last 100 Myr.

8.2.1. On the systematics of MPA/JHU SFRs reported by SAMI
Galaxy Survey

Recent campaigns to obtain resolved spectra with integral-
field spectroscopy have reported systematic differences with
respect to SFRs from the MPA/JHU catalog. In particular,
Richards et al. (2016), using preliminary data from the SAMI
Galaxy Survey (Allen et al. 2015), find a non-linear, i.e. SFR-
dependent, relation between their and MPA/JHU SFRs (which
they refer to as B04 SFRs), in the sense that galaxies with high
SAMI SFRs have underestimated MPA/JHU SFRs. The dis-
crepancy is already ∼0.3 dex at log SFRSAMI ≈ 0.6, the high-
est SFRs in their sample (we convert all SFRs from Richards
et al. to Chabrier IMF). Richards et al. attribute the discrep-
ancy to possible biases in B04 methodology for deriving aper-
ture corrections.

In our analysis so far we have shown that GSWLC specific
SFRs of star-forming galaxies have no significant systemat-
ics with respect to either mid-IR SSFRs or SSFRs from the
MPA/JHU catalog. This implies, and we confirm it to be true,
that MPA/JHU and mid-IR SSFRs agree between themselves
as well. While this seems to imply that MPA/JHU measure-
ments are not biased, it is necessary to verify if such results
hold for SFRs, and not just the SSFRs.

Figure 11 shows SED fitting SFRs against MPA/JHU SFRs
in the upper panel, and mid-IR SFRs against MPA/JHU SFRs
in the lower panel. In both comparisons, the linear fits (blue
dashed lines) follow closely the 1:1 relation. White solid lines
show the relation between SAMI and B04 SFRs (adjusted to
Chabrier IMF), over the range of SFRs covered in Richards
et al. (2016).17 The discrepancies suggested byRichards et al.
relation are clearly excluded with either the SED fitting or the
mid-IR SFR. Results are unchanged when the redshift range
of galaxies is restricted to match the redshift range of SAMI
Galaxy Survey. Apparently, more work is needed to under-

17 The highest SFRs in Richards et al. (2016) are an order of magnitude
lower than the highest SFRs in SDSS, probably because their sample is drawn
from much smaller volume compared to that of SDSS (smaller area, plus
z < 0.06.)

Star-forming 

Figure 11. Comparison of SFRs from the SED fitting (upper panel) and
from WISE mid-IR (lower panel), with respect to SFRs from the MPA/JHU
catalog (Brinchmann et al. 2004). Shown are the galaxies from GSWLC-
M classified as star-forming on the BPT diagram. There are no systematic
differences or significant non-linearities. This is in contrast with the rela-
tion derived from integral-field spectroscopy Hα measurements from SAMI
Galaxy Survey (Richards et al. 2016), shown as the white solid line (SAMI
vs. MPA/JHU). In this figure we lower the redshift limit to zmin = 0.01 to in-
crease the contribution of low-SFR galaxies. Slight discretization in mid-IR
SFRs arises from sampling of Chary & Elbaz (2001) IR templates.

stand the source of differences. For now, we conclude that
the total MPA/JHU SFRs of actively star-forming galaxies do
not appear to be biased when compared with two independent
measures of integrated SFR.

8.3. Comparison with Ellison et al. (2016) star formation
rates

All-sky far-IR observations that would enable direct mea-
surement of the total IR luminosity across SDSS are only
available from relatively shallow IRAS and AKARI surveys,
which preferentially more luminous galaxies (Ellison et al.
2016). In order to produce IR luminosity estimates for a sig-
nificant portion of SDSS spectroscopic sample, Ellison et al.
(2016) apply an artificial neural network (ANN) technique,
using IR luminosities from Rosario et al. (2016) as the train-
ing set (these IR luminosities were discussed in Section 4).
The idea behind the ANN is to establish intrinsic correlations
between observable quantities of the training set and the tar-
get quantity (in this case the IR luminosity) and then apply
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Star-forming 
(compl. 77%) 

AGN 
(compt. 52%) 

no Hα in fiber 
(compl. 1%) 

Figure 12. Comparison of SSFRs from the SED fitting (from GSWLC-M) with SSFRs from the IR luminosity catalog of Ellison et al. (2016), derived using
artificial neural network (ANN) method trained on Herschel+WISE data. Galaxies are classified using the BPT diagram as in Figure 7. SF class shows the best
fitting line and its scatter and correlation coefficient. Both SSFRs are normalized by the total stellar mass from GSWLC SED fitting. Comparison is similar to
one involving mid-IR SSFRs (Figure 7), with some non-linearity for star-forming galaxies (left panel). Completeness of Ellison et al. (2016) catalog for a given
class is indicated in each panel

All galaxies 

Figure 13. Comparison of total IR luminosities derived in GSWLC using
WISEagainst the total IR luminosities derived with ANN in Ellison et al.
(2016). WISEmeasurement is direct, but is based on extrapolating a single
flux point at rest-frame ∼20µm. ANN, on the other hand, uses various opti-
cal photometric and spectroscopic measurements to predict the IR luminosity
based on a training set consisting of IR luminosities from Herschel+WISE
(three sub-mm flux points from SPIRE and 22 µm point from WISE). The
comparison is good notwithstanding some systematics for the most luminous
galaxies. Luminosities are given in solar units.

these correlations to estimate (“predict”) the target quantity
in the full dataset. The robustness of ANN estimates should
be tested by comparing them with the independent measure-
ments of the target quantity for an unbiased subsample drawn
from the full dataset. In the case of Ellison et al. (2016),
the parameters employed to estimate the IR luminosities us-
ing ANN include, in addition to the redshift, the photometric
(magnitudes, colors) and spectroscopic measurements (emis-
sion lines strengths and D4000 break), as well as the stellar
mass. The connection between the fiber and total quantities is
established by also including the mass in the fiber and the r-
band fiber covering fraction. The input parameters come from
MPA/JHU DR7 catalog. The requirement to have available all
of the parameters in the target dataset limits the application to
45% of SDSS galaxies, typically the ones with stronger emis-
sion lines. IR luminosities of the training set are recovered
with the typical accuracy of σ ∼ 0.1 dex, with no major sys-
tematics (Ellison et al. 2016).

In Figure 12 we show the comparison of GSWLC SSFRs
from the SED fitting against SSFRs converted from Ellison
et al. (2016) IR luminosities using Eq. 8. The comparison is
limited to galaxies with σANN < 0.1, a cut recommended in
Ellison et al. (2016) to remove the galaxies whose estimated
IR luminosities may be uncertain. σANN essentially measures
the degree to which a target galaxy is represented in the train-
ing set. The larger the value, the less likely the target galaxy
is represented in the training set and its IR luminosity may
therefore be uncertain. The application of the cut on σANN
decreases the number of galaxies with ANN IR luminosities
from 330,000 to 250,000, or 1/3 of SDSS. The comparison of
SSFRs of star-forming galaxies (left panel) shows good gen-
eral agreement, with mild non-linearity (slope of 1.23), which
can be traced to the differences between WISE and Herschel-
WISE specific IR luminosities (Section 4). If the galaxies with
σANN > 0.1 were included in the comparison, the scatter at
high SSFRs would increase, presumably because such galax-
ies are rare in the training set. ANN IR luminosities are avail-
able for 77% of galaxies in this class (after the application of
σANN cut), which is higher than the WISE detection rate of
63%.

For galaxies classified as AGN (the middle panel), the cor-
relation is present when log SSFRSED > −11, but with ANN
SSFRs tending to be higher, especially for galaxies with high
SSFR. Below log SSFRSED = −11 there is no correlation. Both
of these behaviors mimic the comparison of SED fitting SS-
FRs with mid-IR SSFRs (Section 7 and Figure 7, middle
panel). Excess SSFR for AGNs with higher SSFRs, which
in the case of mid-IR SSFRs we attributed to AGN dust heat-
ing, is somewhat surprising, because it would be expected that
the AGN contribution, which drops above 40 µm (Mullaney et
al. 2011), will be significantly diminished in the total IR lumi-
nosity. However, we remind the reader that ANN luminosities
are trained on IR luminosities derived from a combination of
22 µm flux (which is subject to AGN contamination) and three
sub-mm flux points that lie well beyond the IR SED peak (and
are therefore not as sensitive to the current SF, and more to the
cold dust mass). More detailed analysis on the contribution of
Type 2 AGN to IR SED lies outside of the scope of this paper.

After the application of σANN cut, the IR luminosities from
Ellison et al. (2016) are available for only 1% of galaxies hav-
ing weak or no Hα (right panel). For a handful of such objects
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Figure 14. Comparison of SSFRs from the SED fitting against the SSFRs from Chang et al. (2015), derived from optical+mid-IR SED fitting using MAGPHYS
(da Cunha et al. 2008). Galaxies are classified using the BPT diagram as in Figure 7. SF class shows the best fitting line and its scatter and correlation coefficient.
Both SSFRs are normalized by the total stellar mass from GSWLC SED fitting. Low SSFRs tend to be underestimated in Chang et al. (2015) catalog, but
otherwise the correlation is good with a small scatter. Completeness of Chang et al. (2015) catalog for a given class is indicated in each panel.

All galaxies 

Figure 15. Comparison of total IR luminosities derived in GSWLC from
WISE to total IR luminosities derived from optical/mid-IR SED fitting from
Chang et al. (2015). The comparison is generally quite good. A tail to the
left is due to a small number of passive galaxies for which Chang et al. lumi-
nosities are too high.

with high SSFRs (including confirmed E+As) the match be-
tween the SED fitting and ANN SSFRs is good, but for the
great majority, the ANN IR luminosities, when interpreted as
SFRs, tend to be too high because of the dust heating from
older stars, as already discussed in Section 7.

Considering the very different methods of estimating the
IR luminosities, it is interesting to see how the ANN IR lu-
minosities from Ellison et al. (2016) compare to the ones we
obtain from WISE. This is shown in Figure 13, for all galax-
ies for which the two measurements are available (and with
σANN < 0.1 cut applied). The comparison, extending over
three orders of magnitude, is fairly good, both in terms of
offset and the scatter (σ = 0.17). Some systematic differences
are present, especially at logLIR > 11, which is not surpris-
ing considering that the training set peters out at those lu-
minosities. Overall, the IR luminosities from Ellison et al.
(2016) represent remarkably good estimates considering that
they were determined from optical properties alone, but their
use as SFRs is subject to the same caveats (AGN dust heat-
ing and breakdown for passive galaxies) as the SFR obtained
from WISE mid-IR data.

8.4. Comparison with Chang et al. (2015) star formation
rates

In Section 4 we mention that new SED fitting codes allow
the modeling of the SED to extend into the IR, by includ-
ing the dust emission. This approach is used in MAGPHYS
(da Cunha et al. 2008), which models the IR SED as a sum of
various SED components, the relative contribution of which is
mildly related to galaxy’s SSFR. CIGALE allows the IR SED
to be modeled according to one of the four published tem-
plate sets, without constraints on the shape. In both cases the
dust luminosity (i.e., the total IR luminosity) is normalized to
match the stellar emission absorbed in the UV/optical/near-
IR. Such IR luminosity will therefore include dust heating
from stars of all ages.

Stellar plus dust emission modeling is applied in Chang et
al. (2015), who use MAGPHYS to perform the SED fitting
simultaneously on optical (ugriz) photometry from SDSS and
mid-IR photometry from WISE (3.4, 4.6, 12 and 22 µm). Of
these 9 bands, all but the longest two WISE bands will be
dominated by the stellar emission. Emission at 12 and 22
µm, if detected, will help constrain the dust luminosity and
therefore the SFR (if the dust is primarily heated by young
stars).

We follow the analysis established in previous sections, and
in Figure 14 present comparisons between our SED fitting
SSFRs and SSFRs from Chang et al. (2015), again split by
galaxy type18. Note that we normalize both SSFRs using our
stellar mass. Galaxies classified as star-forming on the BPT
diagram (left panel) compare well, but show a tail of anoma-
lously low values of Chang et al. SSFRs, which causes the
best fit line to deviate from unity. However, if the tail is ex-
cluded, the non-linearity disappears, and a small bulk offset
of 0.09 dex remains. We find that the offset is entirely due
to ∼ 1/3 galaxies that are not detected at 22 µm but only at
12 µm, for which Chang et al. (S)SFRs are on average 0.17
dex lower than our SED fitting (S)SFRs. For galaxies with 22
µm detection, the scatter with respect to SED SSFRs is 0.17
dex, compared to 0.23 dex between SED SSFRs and SSFRs
from WISE 22 µm alone (Figure 7, left panel). This reduction
of scatter demonstrates that the 12 µm photometry (a wave-

18 We find that restricting the comparison to galaxies which Chang et al.
(2015) flag as having good determinations has negligible effect on the results,
so we use all galaxies regardless of that flag.
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length at which WISE is significantly more sensitive than to
22 µm) helps constrain the SFRs compared to when 22 µm is
used alone. However, when 12 µm is used to obtain the IR lu-
minosity (or SFR) without the 22 µm measurements, it leads
to a systematic underestimate.

For AGN hosts (the middle panel), the tail of anomalously
low SSFR values is more extensive than for the star-forming
galaxies. We confirm that these galaxies have UV detections,
and that the UV emission drives SSFR estimate in our SED
fitting to higher values than when the UV is omitted from the
SED fitting, as in the case of Chang et al. (2015) SED fitting.
UV is not expected to be contaminated by non-stellar emis-
sion in these, Type 2, AGN. Furthermore, the UV emission is
extended, suggestive of SF. Optical colors alone are not sen-
sitive to such low levels of SF (Kauffmann et al. 2007), and
are equally red for truly quiescent galaxies and those with in-
termediate SSFRs (Fang et al. 2012). When the SED fitting is
performed without UV constraints, the SSFR defaults to very
low values of the majority of optically red models

For AGN hosts with high SSFRs, the excess seen in other
IR-based SSFRs is now smaller. This is true whether the
galaxy was detected at both 12 and 22 µm, or just at 12 µm,
suggesting that 12 µm flux is much less affected by AGN-
heated hot dust than the 22 µm, so that when included in the
SFR estimate it mitigates the excess. That 22 µm suffers more
AGN contamination is corroborated by the fact that out of 12
µm-detected AGN, 80% are also detected at 22 µm, whereas
this fraction was 60% for star-forming galaxies. Previously,
Donoso et al. (2012) have found that the 12 µm luminosity
is not affected by AGN contribution in all but the handful of
most luminous sources (but they did not perform analogous
assessment of 22 µm emission).

For galaxies with weak or no Hα (right panel), Chang et al.
(2015) values agree well for some of the galaxies with high
SSFRs, with a small offset that we attribute to the preponder-
ance (90%) of 12 µm-only detections in this category, which
we have shown to have somewhat underestimated SFRs in
Chang et al. As in the case of comparison with MPA/JHU
catalog SFRs, the E+As, or more generally, the post-starburst
galaxies, again form a cloud of points offset from the 1:1 re-
lation. As discussed in Section 8.2, the offset in (S)SFRs
is attributable to the differences in the assumed dust attenu-
ation laws, to which the E+As appear to be particularly sensi-
tive. Comparison with entirely independent IR SFRs as well
as better quality of SED fits, suggest that the high (S)SFRs
obtained with the modified attenuation law in GSWLC are
more realistic. Finally, for galaxies in “no Hα” class with log
SSFR< −11 the estimates largely agree, but are quite uncer-
tain.

The general conclusion is that Chang et al. (2015) SFRs are
reliable for galaxies with log SSFRC15 > −10.7, regardless of
the galaxy type, and especially when a galaxy is detected at
22 µm. When SSFRs are low, Chang et al. (2015) correctly
attribute the mid-IR emission to old populations and not the
ongoing SF. However, in doing so, the weak signal from the
actual SF, detectable in the UV, is in some cases lost, leading
to anomalously low values of SSFR.

Chang et al. (2015) provide an estimate of the dust luminos-
ity, i.e., the total IR luminosity. In Figure 15, we compare it
to the IR luminosity that we derive from WISE 22 µm. There
is a good overall agreement and the scatter is smaller than in
the comparison involving Ellison et al. (2016) LIR, no doubt
because WISE and Chang et al. IR luminosities are some-
what correlated through the use of the same 22 µm photom-

etry. There is, however, a small fraction (1.8%) of galaxies
for which there is a ∼1 dex discrepancy in LIR. These galax-
ies produce a bump in the distribution of specific luminosities
(log (LIR/M∗)) when using Chang et al. (2015) IR luminosi-
ties, but not with WISE values. Most of these galaxies do not
have LIR from Ellison et al. (2016) catalog, but when they do,
their agree with our IR luminosity from WISE. Finally, the di-
rect comparison of Chang et al. IR luminosities with IR lumi-
nosities from Herschel (plot not shown) confirms that Chang
et al. IR luminosities are underestimated when they are based
on 12 µm detection without the 22 µm detection.

9. SUMMARY

The paper presents GSWLC, an extensive catalog of physi-
cal parameters (SFRs, dust attenuations and stellar masses) of
∼700,000 SDSS galaxies covered by GALEX (90% of SDSS).
SFRs and stellar masses were derived using state-of-the art
SED fitting of UV and optical fluxes. SFRs derived indepen-
dently from 22 µm WISE photometry are also included in the
catalog.

The construction of the catalog, the internal checks and
the comparisons with previously published catalogs have pro-
duced a number of results, which we summarize here:

1. The principal source of bias in GALEX UV photometry
is from blending of unresolved sources. We provide
empirical recipe to reduce its effect.

2. Total IR luminosities obtained from WISE 22 µm
observations via Chary & Elbaz (2001) luminosity-
dependent templates agree remarkably well (∆ < 0.01
dex, 0.07 dex of scatter) with IR luminosities obtained
from WISE 22 µm and Herschel-SPIRE sub-mm bands.

3. The comparison of SED SSFRs with SSFRs from the
mid-IR and, separately, with Hα SSFRs, suggests that
the majority of galaxies require dust attenuation curve
that is significantly steeper than the Calzetti et al.
(2000) curve, and is on average similar to the Conroy et
al. (2010a) curve. Allowing this steep attenuation curve
to include a UV bump further improves the quality of
UV/optical SED fits.

4. Not accounting for the emission lines in the SED mod-
eling of broadband UV-optical photometry produces
significant biases in the derived (S)SFRs: up to 0.5 dex,
on average, for high-SSFR galaxies (log SSFR> −9.5).
Stellar masses are not affected by emission lines.

5. SFRs and stellar masses are not very different (< 0.1
dex) when assuming a smooth, delayed SF history as
opposed to the two-component (old and new) exponen-
tially declining SF history, adopted for GSWLC. Fixing
the old component to have started in the early universe
(t0 = 10 Gyr), as done here, yields 0.1 dex higher masses
for galaxies with active SF, possibly removing the “out-
shining” bias.

6. For actively star-forming (“main”) sequence galaxies
(log SSFR> −10.5), there is a good general agreement
between SED fitting and mid-IR (S)SFR from GSWLC
and also with (S)SFRs from the literature.

7. Aperture-corrected (total) SFRs from the MPA/JHU
catalog (Brinchmann et al. 2004) have no systematics
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at high SFRs when compared with any other SFR, in
contrast to systematic offsets reported in integral-field
spectroscopy studies. GSWLC, by offering two inde-
pendent SFRs can potentially be used in the forthcom-
ing integral-field spectroscopy studies to elucidate the
source of the discrepancy.

8. IR luminosities of galaxies that host AGN (as identified
from the BPT diagram) and have relatively high SS-
FRs, appear to have an excess IR emission, presumably
due to AGN dust heating affecting the 22 µm flux. If
interpreted as SFR, this excess IR luminosity leads to
SSFR overestimates of 0.2–0.6 dex, with greater effect
at higher SSFR.

9. For galaxies that lie below the star-forming main se-
quence (12 <log SSFRSED < −11), which includes
quenching, nearly quiescent, or rejuvenated galaxies,
SSFRs are low and their determination is challeng-
ing by any method. Using simple (fixed factor) con-
versions of IR luminosity to SFR (intended for use
with actively star-forming galaxies) produces greatly
exaggerated (S)SFRs (up to 2 dex). (S)SFRs from
the UV/optical SED fitting tend to retain sensitivity in
this regime. Below log SSFR= −11.7 (for GSWLC-M;
= −11.5 for GSWLC-A, −12.0 for GSWLC-D), even
the UV/optical SSFRs should be considered as upper
limits, as these are, for all practical purposes, truly qui-
escent galaxies.

SDSS is the workhorse dataset for many galaxy evolution
studies at low redshift, but without surveys in other wave-
lengths it has been limited in terms of characterizing the SF.
We hope that GSWLC, by combining SDSS with GALEX and
WISE, will fill this gap and serve as a resource for many new
discoveries.
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