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ABSTRACT
We use near-infrared (J Š K) colours of bright 2MASS galaxies, measured within a 7- arcsec-radius aperture, to calibrate the
Schlegel, Finkbeiner & Davis DIRBE/IRAS Galactic extinction map at low Galactic latitudes (|b| < 10� ). Using 3460 galaxies
covering a large range in extinction (up toAK= 1.m15 orE(B Š V) � 3.m19), we derive a correction factorf = 0.83± 0.01 by
�tting a linear regression to the colour-extinction relation, con�rming that the Schlegel et al. maps overestimate the extinction.
We argue that the use of only a small range in extinction (e.g.,AK< 0.m4) increases the uncertainty in the correction factor and
may overestimate it. Our data con�rm the Fitzpatrick extinction law for theJ- andK-band. We also tested four all-sky extinction
maps based onPlancksatellite data. All maps require a correction factor as well. In three cases, the application of the respective
extinction correction to the galaxy colours results in a reduced scatter in the colour-extinction relation, indicating a more reliable
extinction correction. Finally, the large galaxy sample allows an analysis of the calibration of the extinction maps as a function
of Galactic longitude and latitude. For all but one extinction map, we �nd a marked offset between the Galactic Centre and
Anticentre region, but not with the dipole of the cosmic microwave background. Based on our analysis, we recommend the use
of the GNILC extinction map by Planck Collaboration XLVIII with a correction factorf = 0.86± 0.01.

Key words: dust, extinction – galaxies: photometry – infrared: galaxies.

1 INTRODUCTION

Accurate photometric measurements of galaxies, like brightness or
colours, and their derived quantities, for instance, stellar masses and
star formation rates, require a correction for Galactic foreground ex-
tinction. While such a correction is usually small and often negligible
at high Galactic latitudes, it becomes more and more important at
lower latitudes and starts affecting completeness estimates and other
statistical evaluations as well.

The �rst, frequently used, extinction map was based on HI column
density measurements and galaxy counts, assuming a correlation
between gas and dust in the interstellar medium (Burstein & Heiles
1978, Burstein & Heiles1982). More recently, Lenz, Hensley & Doré
(2017) have published a new map based on HI column densities,
albeit covering only the low-column density, high-latitude sky.

However, since the gas-to-dust ratio is not constant everywhere
and can vary by up to a factor of 2 locally (e.g., Burstein et al.
1987), more accurate extinction maps, based on far-infrared (FIR)
dust emission, were introduced by Schlegel et al. (1998, hereafter
SFD), using high-resolution all-sky maps from the DIRBE and IRAS
missions. The advantage of these maps is that they cover all Galactic
latitudes though they could not be calibrated in the Galactic plane
(|b| < 5� ) due to FIR confusion problems and lack of known galaxies.

There have been various attempts to calibrate theSFD maps
in general (e.g., Dutra et al.2003 with a correction factorf =

� E-mail: anja@hartrao.ac.za

0.75, Choloniewski & Valentijn2003 with f = 0.71) and at low
Galactic latitudes (the so-called Zone of Avoidance, hereafter ZoA)
in particular (e.g., Nagayama et al.2004 with f = 0.67, Schr̈oder
et al. 2007with f = 0.87). Schla�y & Finkbeiner (2011, hereafter
SF11) have done a more comprehensive investigation and derived a
correction factorf = 0.86 for the all-skySFD maps that has been
widely accepted.

Recently, the Planck mission with a more sensitive survey of
the infrared sky has produced several whole sky extinction maps,
some based on the �rst data release (PR1; Planck Collaboration
XI 2014; Meisner & Finkbeiner2015), others on the full mission
data (PR2; Planck Collaboration XXIX2016a, Planck Collaboration
XLVIII 2016b). Although there have been various attempts in com-
paring the available extinction maps (e.g., Chiang & Ménard2019),
most comparisons were done at high latitudes or low extinction
levels.

We have therefore decided to use a comprehensive and magnitude-
limited sample of near-infrared (NIR) bright galaxies from the
2MASX catalogue at low latitudes (|b| < 10� ) and high extinc-
tion levels elsewhere (E(B Š V) > 0.m95; Schr̈oder, van Driel &
Kraan-Korteweg2019, hereafterPaper I) to investigate the existing
extinction maps using the galaxy colours. Our main aim was to derive
a correction factor that is also valid at high extinction levels and to
search for possible variations across the Galactic plane region. We
have thus determined correction factors for both theSFD map and
the four Planck mission maps.

This paper is structured as follows. We introduce the galaxy input
sample used for our analysis in Section 2. Section 3 presents the

C� 2021 The Author(s)
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Table 1. NIR extinction coef�cients relative to theB-band.

Passband � F99 Cardelli, Clayton & Mathis (1989)
(µm) A� /AB A� /AB

J 1.25 0.208 0.211
H 1.65 0.128 0.136
Ks 2.15 0.087 0.085

colour-extinction relation and investigates ways to construct the
cleanest possible sample and best parameter settings. In Section 4,
we investigate the four extinction maps based on Planck data, and in
Section 5 we study the variation of the calibration factor across the
ZoA. We summarize our �ndings and give conclusions in Section 6.
Throughout the paper,K refers to the 2MASSKs-band, and the
superscript ‘o’ indicates a correction for extinction.

2 THE SAMPLE

Paper Igives a detailed description of the selection criteria for our
galaxy catalogue, but for easy reference we recapitulate the most
important criteria here.

We selected all 2MASX1 objects that satisfy the following criteria:

(i) Ko � 11.m25 (i.e., corrected forSFDGalactic extinction); and
(ii) |b| � 10� or E(B Š V) > 0.m95.

To correct for Galactic extinction, we used theSFDmaps without
any correction factor so as to be comparable to the 2MASS Redshift
Survey (2MRS; Huchra et al.2012) selection criteria. We visually
inspected all objects using images from various passbands (optical
to NIR) to distinguish between galaxies, blended stars, artefacts,
and Galactic nebulae. This resulted in 3675 plus 88 galaxies for the
2MZOA (|b| � 10� ) and 2MEBV (E(B Š V) > 0.m95, |b| > 10� )
catalogue, respectively.

For our investigation, we excluded four galaxies that have an
unknown galaxy classi�cation (class 5 inPaper I) and 166 galaxies
where the 2MASX �t is centred on a superimposed star instead of
the galaxy’s bulge – we assume all the photometry of these objects
to be unreliable. That results in an input sample of 3593 galaxies.
This input sample has been carefully investigated and the resulting
�nal sample, as detailed in the following section, comprises 3460
galaxies.

3 GALACTIC EXTINCTION CORRECTION

We use the method of calculating the extinction correction factor
using NIR colours as outlined in Schröder et al. (2007). We �rst apply
a correction for Galactic extinction using theSFDvalues (given as
E(B Š V)), RV = 3.1 (or RB = 4.14) and the Fitzpatrick(1999)
extinction law (hereafterF99, see Table1), resulting, for example, in
a measuredAK = 4.14× 0.087× E(B Š V). If we then assume that
the true extinction�AK is a constantf times the measured value from
the extinction map used, e.g.,�AK = f A K, the slopea of the relation
between extinction-corrected NIR colours and extinction can be used
to calculatef as

f = 1 +
a

E/A K
, (1)

1See the 2MASS All-Sky Extended Source Catalog (XSC) as found online
athttp://irsa.ipac.caltech.edu/cgi-bin/Gator/nph-dd

Figure 1. 7-arcsec-aperture (J Š K)o colour versusK-band extinctionAK

(green dots) and linear �t for the cleaned sample. The black dots show
the input sample before the selection criteria for the �nal sample were
applied.

whereE is the colour excess of the respective colour. If theSFD
maps were correct, the factor would be 1.

As explained in detail below, we decided to use (J Š K)o colours
from the 7-arcsec-aperture for this investigation. In addition to the
selection criteria for the input sample mentioned in Section 2,
we ‘cleaned’ the sample by deselecting on the 2MASX photometry
Flag 4 and by excluding galaxies with excessive photometric un-
certainties (J-band error� 0.m13, K-band error� 0.m12), hereafter
called photometric selection criteria. We also excluded very high
extinctions, setting the limit atAK = 1.m15.

Fig. 1 shows the �nal ‘cleaned’ sample (green dots) and the
linear-regression �t; black dots show the input sample (without
the photometric selection criteria applied and with no cut-off in
extinction). The cleaned sample comprises 3460 galaxies and the
linear-regression �t gives

(J Š K s)o = (Š0.241± 0.012)× AK + (1.m036± 0.004),

with a standard deviation or scatter of 0.m1342. This results in a
correction factor off = 0.83± 0.01.

In the following, we will discuss the individual selection criteria
in detail.

3.1 Colour selection

With three passbands one can construct three colours. The (J Š K)
colour spans the largest wavelength range and is therefore the most
reliable, as we have con�rmed in our tests. However, for internal
consistency, we have conducted our investigation on the selection
criteria using all three colours (for example, it helps to understand
whether an outlier is due to problems in one passband only), but to
avoid repetition, we present our results using only the (J Š K) colour.

3.2 Aperture selection

The 2MASX catalogue offers a variety of photometric measure-
ments, ranging from small to large apertures, circular and elliptical
apertures, isophotal and total magnitudes, as well as peak and central
surface brightnesses. Since we are interested in the most stable
colours, as little affected by contaminating stars as possible, we prefer

2Note that most red outliers are caused by a combination of wrong extinction
values and photometric problems, cf. Figs2–4.
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a smaller circular aperture and therefore investigated those with radii
5, 7, and 10 arcsec, hereafter A5, A7, and A10. For completeness
reasons, we also looked at the isophotal magnitudes measured within
theK-band 20-mag arcsecŠ2 isophotal elliptical aperture (hereafter
ISO) as well as the central surface brightness (within a radius of
5 arcsec; hereafter S5) and the peak pixel brightness (hereafter PK).
Note that the latter two do not have errors or �ags associated with
them.

While we want to use as clean a sample as possible, we also
want to retain as many galaxies as possible for the subsequent
investigation by region. The two requirements are contrary, that
is, we need to balance the bene�ts of one against the detrimental
effects of the other. To start with, we �nd that up to 172 galaxies
have no measurement in at least one band per investigated aperture.
This favours A7, where all galaxies have measurements at all bands.
Furthermore, bands and apertures are differently affected by large
uncertainties and �ag settings (see also the following sections).
We found that 2MASX Flag 4 affects more objects the larger the
aperture, which favours A5 magnitudes. Regarding the magnitude
error distributions, we �nd that the isophotal magnitudes have on
average 2Š3 times larger uncertainties than the aperture magnitudes,
which argues against using these magnitudes (apart from the obvious
problem of increased contamination with superimposed stars). The
error distributions for the three aperture magnitudes, on the other
hand, are quite comparable.

Studying the individual linear �ts, we �nd that the slopes depend
little on the chosen magnitude and usually agree within the 1� error.
The offsets, however, are more strongly dependent on the aperture,
implying a colour growth curve across galaxies, in which isophotal
colours show the bluest colours (about 1.m00 for (J Š K)o) and PK
colours are reddest (about 1.m09 for (J Š K)o). The scatter (standard
deviation of the sample) decreases with aperture size (from 0.m173
for PK to 0.m141 for A5 to 0.m129 for ISO), but at the same time, we
have about 200 galaxies fewer for ISO than for A5 and A7 due to the
increased problems with the photometry. Despite these variations,
thef-value itself is fairly independent on the aperture used and varies
only by about 0.01.

Consequently, we decided to use A7, comprising the most galaxies
and being a good compromise between contamination by stars and
the amount of scatter. The arguments against isophotal colours are
the smaller number of galaxies available and larger uncertainties
on average, though their colours are truest to the galaxies. Surface
brightness colours, taken from the same aperture as the A5 colours
and having no associated errors, are quite similar to A5 but are not
available for all the galaxies. The peak pixel brightness magnitudes
are the worst with the largest scatter and reddest colours, being
strongly subjected to statistical or noise �uctuations in a single
pixel.

3.3 2MASX photometry errors

Regarding photometry errors, we found that a cut at the tail end
of the error distribution removes the worst outliers in the colour-
extinction relation. Fig.2 shows as an example theJ- andK-band
error distributions and the colour-extinction relation for (J Š K)
using A7. If we cut off at a smaller limit (e.g., errK

lim = 0.m07 and
errJlim = 0.m10, magenta arrows), we lose too many ‘good’ objects
together with only a few more outliers as compared to the more
relaxed cut, as shown by the magenta crosses in the bottom panel. We
thus decided to use the more relaxed cuts that clearly remove outliers
without losing too many good data points, that is, errK

lim = 0.m12,
errJlim = 0.m13, and errHlim = 0.m10.

Figure 2. Testing for sample selection on photometry errors for A7. Top
panels: truncated histograms of the error distribution for theJ- band (left-
hand panel) andK- band (right-hand panel); the arrows indicate the two cuts
tested in the panels below. Middle panel: Colour-extinction relation for (J Š
K)o; black and green dots are the same as in Fig.1; red crosses: objects with
photometry errors above the higher cuts (see red arrows in the top panels).
Bottom panel: same as above but the magenta crosses indicate objects with
photometry errorsbetweenthe magenta and red arrows.

3.4 2MASX photometry ßags

The 2MASX confusion �ags mostly refer to masked pixels or
subtracted point sources within the relevant aperture. We have
investigated the distribution of objects with a speci�c �ag set in
the colour-extinction relations and �nd that only Flag 4 (‘aperture
contained pixels within bright star mask’) seems to indicate outliers
without affecting too many good sources. We thus exclude all
photometry where this �ag was set. This affected about 15 to 180
objects depending on aperture and colour.

3.5 2MZOA catalogue information

The 2MZOA and 2MEBV catalogues list various information re-
garding the quality of data. As mentioned above, we have excluded
already the four objects which may or may not be galaxies, and
all objects which are not centred properly on the galaxy’s bulge. In
addition, one of the �ags indicates whether the extinction around
a galaxy appears unreliable, a question that is of strong concern to
us. However, this �ag is only indicative for a strong variation in the
overall area (r � 5 arcmin) andnot of the immediate environment
of the galaxy and is by no means complete. While applying a cut
on these �ags removes a few outliers, too many good sources are
affected as well (N = 101 in case of A7), see Fig.3. On the other
hand, the linear-regression parameters are little affected: Excluding
objects with this �ag set changes thef-value by� 0.003, depending
on aperture, and not at all for A7. We therefore decided not to use
this �ag and instead to rely on the conservative cut inAK.
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Figure 3. Testing selection on extinction �ags for A7, Same as Fig.1 with
red crosses indicating objects with extinction �ag ‘e’ set.

Figure 4. Same as Fig.1but showing the full extinction range. The reddening
path is indicated with a red arrow.

3.6 Extinction cut-off

Fig.4shows the (JŠ K) colour distribution of the input sample (black
dots) over the full extinction range. As in Fig.1, the regression
line is based on the cleaned sample (green dots). The colours of
highly obscured galaxies become increasingly bluer, indicating a
selection bias: in very high-extinction regions, the extinction can
vary spatially very rapidly and we are more likely to �nd galaxies
in the lower extinction pockets. Due to the coarse spatial resolution
of 6 arcmin of the extinction maps, these are consequently corrected
with a too-high, average extinction value, and hence appear too blue.
The deviation increases with extinction, resulting in a non-linear
relation. This effect has already been noted by, e.g., van Driel et al.
(2009).

To determine the best cut-off in extinction to avoid this bias for our
sample, we have used a series of upper limit values and determined
each time thef-value, see Fig.5. We �nd a plateau in the range
AK= 0.m5 Š 1.m2. The lowerf-values at higher extinctions are clearly
caused by the selection bias, while the higherf-values at the low-
extinction end are likely due to a large extrapolation beyond the
small range in extinction available for the �t and therefore being less
certain, as implied by the larger error bars.

3.7 Other outliers

Despite the ‘cleaning’ of the sample, some outliers remain, likely due
to insuf�cient star subtraction or other problems with an automated
pipeline as was used for the 2MASX catalogue. Short of re-doing
the photometry by hand, we have no simple and reliable selection
criteria to get rid of these. Instead, we tested their effect on the
linear regression by removing all data points outside a 4� and a
3� envelope to the regression line. In case of A7, 22 and 54 data
points, respectively, were thus removed. The effect is small, thef-
value is� 0.005 smaller in case of a 4� cut, and 0.001 higher for the
3� cut. The other apertures give similar results. The deviations are

Figure 5. f-values derived for various upper limits inAK for the linear-
regression �t. The dotted line shows the plateau atf = 0.83 and the arrow the
chosen cut-off inAK.

Table 2. Comparison off-values for different extinction laws for A7.

Colour F99 C89 Test F99 Typical
Two-digit precision error

(J Š K)o 0.827 0.794 0.827 0.834 0.009
(J Š H)o 0.817 0.871 0.838 0.817 0.006
(H Š K)o 0.873 0.702 0.833 0.895 0.005

smaller than the error on thef-value and we conclude that our linear
regression is robust with respect to outliers.

3.8 Extinction law

As mentioned above, we have used theF99extinction law to calculate
the NIR extinction coef�cients. To understand the impact of possible
uncertainties in these coef�cients on our results, we have tested the
commonly used coef�cients given by Cardelli, Clayton & Mathis
(1989, hereafterC89), see Table1.

Theoretically, thef-value should be independent of the colour used,
and the variations we �nd between the �ts for the three available
colours are likely due to uncertainties in the colour measurements.
These variations, however, are noticeably larger if we use theC89
extinction coef�cients (� f = 0.17 versus 0.06 forF99), see Table2,
hence, we prefer theF99 coef�cients. None the less, while thef-
values for the latter agree well for the colours (J Š K) and (J Š H),
the f-value for (H Š K) still deviates. We can take this further and
try to achieve better agreement between the colours: since mainly
the H-band is affected, we varied its coef�cient while leaving the
others �xed. We �nd very good agreement within the error, if we use
a coef�cient of 0.130 instead of 0.128 (named ‘Test’ in Table2).

Note that the disagreements also increase when rounding the
coef�cients to the two-digit precision used in Paper I. Considering
the sensitivity of thef-value to the precision and exact value of the
extinction coef�cients, we recommend to use the higher precision
values to avoid any possible systematics, even though they may be
small.

To calculate theK-band extinction, we useRV = 3.1 as recom-
mended bySFD. In particular in the Galactic plane, though,RV can
vary: towards the Galactic bulge, it seems to be lower (RV = 2.5,
Nataf et al.2013), while the centres of molecular clouds can show
values up to 4Š6. A change inRV results in a stretching of the colour-
extinction relation, but only few data points would be affected (since
we do not have many galaxies in the Galactic bulge area).
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3.9 Correction for galaxy radius

While smaller galaxies can be mostly or even fully contained in
a �xed-radius aperture, for the largest galaxies a small aperture
may contain only the bulge and therefore appear redder. Plotting
colours versus major axis radii we �nd a slight dependence of up
to + 0.0007 ± 0.0001 for (J Š K) colours, with the worst case
for PK and being generally larger for the smaller apertures; ISO
colours, on the other hand, show the reverse effect with a slope of
Š0.0004± 0.0001. The effect starts disappearing when we remove
all galaxies with radii smaller than around 15 arcsec. Applying a
correction for this dependence, however, has a negligible effect on
the colour-extinction relation, mainly because the small galaxies are
evenly distributed across the range of extinctions. It should be noted
that there is also a dependence on morphological type on which we
have little information. Ideally, we should use an aperture size that
includes only light from the bulges (where available) and thus would
vary from galaxy to galaxy. However, as already mentioned, since
the effect is negligible and other uncertainties dominate the error
budget, we have not applied a correction for this.

3.10 Correction for stellar density

In Paper I, we found that the colours show a slight dependence
on stellar densities. We have repeated the investigation for all
apertures and �nd that the effect on the determination of thef-value
is negligible. While the dependence of colour on star density is
Š0.078± 0.010 for the isophotal colours and smaller for the other
apertures (except PK), e.g.,Š0.037± 0.011 for A7, the change in
thef-value is similar for all apertures and smaller than the 1� error
of 0.009: for A7,f increases from 0.828 tof = 0.835 (forN = 3425
since not all galaxies have a stellar density de�ned). Since the effect is
small and to avoid introducing an additional uncertainty through the
star density–colour relation, we have not applied such a correction.

3.11 k-correction

Since redshift changes a galaxy’s colour (in (J Š K) they become
redder), we have applied ak-correction to those galaxies that have
redshift information and investigated the effect on thef-value mea-
surement. We use thek-correction given by Chilingarian, Melchior &
Zolotukhin (2010) who made their script available online.3 The k-
correction depends on the colour of a galaxy, but instead of using the
individual colours, we adopted generic colours: (J Š K)o = 1.m0, (J
Š H)o = 0.m7, (H Š K)o = 0.m3 (seePaper I). This avoids additional
uncertainties due to errors in one of the passbands which slightly
increase the scatter in the colour-extinction relation (from 0.122 to
0.128). The maximum difference in the twok-correction versions is
± 0.m02 for (J Š K), with a mean difference of 0.m0003± 0.m0002.
The k-corrections and adopted velocities used are given in a table
described in the Appendix.

We �nd that the k-correction has a negligible effect on the
determination of thef-value. However, not all galaxies have a
redshift measurement (about 13 per cent are still missing, see the
red dots in Fig.6), and the reduced sample leads to a lowerf-value
of 0.801 ± 0.010. The same trend is found for all apertures. To
understand better where the selection bias comes from and how it
may affect the result, if we had redshift measurements for all galaxies,
we investigated further.

3http://kcor.sai.msu.ru/

Figure 6. Same as Fig.1, where green dots depict galaxies with redshift
information and red dots galaxies without redshifts. The regression line was
�tted to the green dots.

Figure 7. Distributions of galaxies with extinctionAK (top panel), major
axis diametera (in arcseconds, middle) andk-correction in (J Š K) (bottom
panel). The full sample is shown in black, galaxies with redshift information
in dark blue, and galaxies with no redshifts in red (top panel) and cyan
(middle panel), respectively. The bottom panel shows the samples after the
application of the respective cuts indicated by the arrows and colours in the
top and middle panel. For more information see the text.

First, we looked at the distribution of galaxies with and without
redshift measurements as a function of extinction and major axis
diameter, both of which have a likely in�uence on whether a redshift
was attempted to be measured. The top two panels in Fig.7 show the
respective distributions for the full sample in black and for the sample
without redshift information in colour. As expected, redshifts are
predominantly lacking for galaxies at higher extinctions and having
smaller observed diameters. The bottom panel, showing normalized
counts for better comparison, presents the distribution of thek-
correction values for all galaxies with a redshift (in dark blue) as well
as for those after the application of an additional cut in extinction (red:
AK> 0.m5) or in diameter (cyan:a < 40 arcsec) applied, as indicated
by the arrows in the upper panels. While the blue and red histograms
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Figure 8. Colour distribution of galaxies with various velocity ranges: all
galaxies (black),cz< 3000 km sŠ1 (cyan), 8000 km sŠ1 < cz< 11000 km sŠ1

(green), 15000 km sŠ1 < cz< 25000 km sŠ1 (red), and no velocity (dark blue).

compare reasonably well, the cyan histogram shows a clear shift
(by about 0.m005) with respect to the blue one. This means that
galaxies at high extinctions do not show any preference in distance
(as expected) and, consequently, ink-correction, but smaller galaxies
tend to have a slightly higherk-correction because many are more
distant, normal-sized galaxies. None the less, the smaller galaxies are
evenly distributed over extinctions and therefore do not introduce an
extinction-dependent bias in the colour-extinction relation.

Secondly, we can study the colour distribution of these samples.
Fig. 8 shows the lower part of the histogram in colour (J Š K)o, c,
where we appliedf = 0.83 to the extinction correction to be as close
to the intrinsic colour as possible. The �gure shows various redshift
ranges in colour (low to high redshifts going from cyan through
green to red, with the full sample depicted in black), together with
the galaxies that have no velocity information in dark blue. The
median (J Š K)o, c-values go from 0.m981 through 1.m034 to1.m054,
respectively, while the no-redshift sample has a median of 1.m044,
albeit with a larger scatter of 0.m20 (as compared to 0.m10Š 0.m16 for
the other samples). Though NIR colours are only a rough indicator
of redshift (e.g., Jarrett2004), this shows that the missing galaxies
seem to be well distributed across redshift space with no likely bias
in distance (ork-correction).

We thus conclude that though the sub-sample of galaxies with
redshifts gives a differentf-value, thek-correction itself has a
negligible effect on its determination: (1) the missing galaxies seem
to have a similar redshift distribution to those with redshifts, with a
moderate lack of very close-by galaxies (cz � 3000 km sŠ1), (2) the
amount ofk-correction does not show any correlation with extinction
for this sample, and (3) the missing galaxies come mainly from the
intermediate-to-high extinction range which severely depletes the
colour-extinction relation in these areas, likely explaining the deviant
f-value. In fact, we ought to adjust the upper limit inAK (as discussed
in Section 3.6) to aboutAK< 1.m04 (at the end of the new ‘plateau’),
leading to a slight increase of thef-value to 0.809± 0.010, which
deviates by only 2� from the original value.

3.12 Bootstrapping

In Section 3.7, we investigated the effect of the remaining outliers on
the linear regression and found it to be negligible. To look further into
the effects of sample selection on the result, we applied the bootstrap
method, excluding a third of randomly selected data points. We ran
this 20 times and found a meanf = 0.831± 0.002 with individual
values ranging from 0.818 to 0.848. This agrees well with thef-value

Table 3. Comparison of parameters for different apertures.

A5 A7 A10 ISO S5 PK

f-value 0.832 0.827 0.829 0.826 0.823 0.828
fmin 0.825 0.822 0.824 0.821 0.815 0.823
fmax 0.832 0.830 0.836 0.835 0.827 0.831
Scatter 0.m141 0.m134 0.m130 0.m129 0.m134 0.m173
N 3447 3460 3395 3272 3391 3391

Note.All values have an error of 0.009 except for PK which has an error of
0.012.

for our cleaned sample,f = 0.827± 0.009 and we conclude that our
result is robust with respect to sample selection and outliers.

3.13 Discussion

In conclusion, we can say that our derivation of a correction factor to
theSFDmaps,f = 0.83± 0.01, is very robust. The largest variation
is found across the colours (see Table2), which seem to be sensitive
to the adopted extinction law. The choice of aperture size has a small
effect, with f-values ranging from 0.823 (S5) to 0.832 (A5), see
Table3. Additional sample selections (as discussed in Sections 3.5
and 3.7) have a similar impact (0.815Š0.836 across all apertures, see
the minimum and maximum values in Table3). A7 and A5 seem to be
the most robust, while ISO and PK seem to be more vulnerable (they
also have the least objects in the sample). It is notable that even the
isophotal colours, much more subject to insuf�cient star subtraction,
show little deviation and agree well with our �nal value off =
0.827± 0.009. The effects of corrections for radii, stellar densities
andk-correction are negligible. In the latter case, the galaxies without
redshift (13 per cent of the cleaned sample) cause a bias since mostly
higher extinction objects are lacking, resulting in a lowerf-value of
0.801± 0.010. The bias is expected to disappear once all galaxies
have a redshift measured. The nominal uncertainty on ourf-value is
0.009, and, based on the variations found, we do not expect the �nal
error to be higher than 0.01.

4 OTHER EXTINCTION MAPS

The analysis we have shown so far was based on the all-sky extinction
map derived from DIRBE/IRAS data bySFD which is the most
widely used to date (recently with the SF11 modulation). Recently,
various extinction maps based onPlancksatellite data have become
available. We can now use our cleaned sample to compare their
quality and whether they may also need a correction factor. In
particular, we investigated the following four maps, all of which
have a spatial resolution of 6.�1 (i.e., comparable toSFD):

P-PR1The �rst Planck extinction map (Planck Collaboration XI
2014) is based on the PR1 data from 2013 and the IRAS 100-µm
data. A modi�ed blackbody model was used to �t the data.

P-MF Meisner & Finkbeiner (2015) also used the Planck PR1 and
DIRBE/IRAS 100-µm data. Instead of a modi�ed blackbody model,
they used a two-component model. Their map is given in optical
depth at a frequency of 545 GHz (� = 550 µm), with a provided
conversion ofE(B Š V) = 2624.4472× TAU545Š0.00260618.

P-AV Planck Collaboration XXIX (2016a) �tted a physical dust
model from Draine & Li (2007) to the full mission Planck PR2
(2015) data, WISE 12-µm data and IRAS 60-µm as well as 100-
µm data. Their extinction map is given inAV (their renormalized
AV RQ), which we converted toE(B Š V) usingRV = 3.1.
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