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Figure 6. The relation between the (a) average H I exponential scale height 
o v er optical radius ( ̄h H I , 25 /R 25 ) and L -band radio exponential scale height 
o v er optical radius ( h radio, L -band / R 25 ), and (b) average H I exponential scale 
height ( ̄h H I , 25 ) and L -band radio exponential scale height ( h radio, L -band ). 
The Pearson correlation coefficient, R , of each relation is listed in the 
corresponding panel. The blue line show the 1:1 line. 

In Fig. 6 , there is a considerable correlation between H I scale 
heights and L -band radio scale heights. The H I scale and the L -band 
scale heights are related around the one to one line (i.e. close in 
value), supporting our speculation earlier that the H I scale heights 
indicate the thickness of the general H I (i.e. including the extra- 
planar component) rather than just the (thin) disc. This result suggests 
that the vertical structure of H I and L -band radio continuum might 
be shaped by similar physical processes. 

The correlation between un-normalized scale heights (see Fig. 6 b) 
is better than between the ones normalized by R 25 . This is unexpected 
because in the un-normalized correlation the scatter in scale heights 
should be increased by the scatter in radius, which should lead to a 
lo wer R -v alue, not a higher one. Ho we ver, as the number of points is 
small, the difference in R-values is probably not significant. Indeed, 
the trend seems to be strongly driven by the outlier NGC 3003, and 
the R -value has a large uncertainty. The normalization procedure 
does not impro v e the correlation between scale heights in H I and 
radio, so that there must other factors causing most of the scatter in 
both correlations (normalized and un-normalized), e.g. mass density 
and/or star formation density, as investigated later in Fig. 8 . 
3.2.2 H I scale heights related to H I disc sizes 
We present how H I scale height h̄ H I , 25 correlates with H I disc sizes 
R H I in Fig. 7 , with the Pearson correlation coefficients labelled in 
figures. We use different colours to separate the tidally interacting 
from the relatively unperturbed galaxies, though these two types do 
not reveal much difference in any of the relations. 

Figure 7. The relation between the average H I exponential scale height 
( ̄h H I , 25 ) and H I radius ( R H I ). The blue points represent the relatively 
unperturbed galaxies and the red points are obvious tidally interacting 
galaxies. The Pearson correlation coefficient, R , of each relation is listed 
in the corresponding panel. The black dash line presents the best-fitting linear 
relation of log h̄ H I , 25 = 0 . 57 × log R H I − 0 . 70. 

Fig. 7 shows a correlation between h̄ H I , 25 and R H I . The black 
dashed line shows the best-fitting linear relation log h̄ H I , 25 = 0 . 57 ×
log R H I − 0 . 70. We consider using R H I as a proxy for H I scale length 
since the radial profiles of the H I surface density of galaxies show 
a homogeneous shape in the outer region when they are normalized 
radially by R H I , which can be characterized by an exponential scale 
length of about 0.2 R H I (Wang et al. 2014 , 2016 ). Then the correlation 
in Fig. 7 is not totally unexpected because correlations between 
scale lengths and scale heights have been found for other galactic 
components, including the optical light (de Grijs & Peletier 1997 ; 
Zasov et al. 2002 ), and the radio continuum (Krause et al. 2018 ). 

To remo v e this strong dependence on radial e xtension and to be 
consistent with the way of analysis in Krause et al. ( 2018 ), we 
define and focus on the normalized H I scale height h̄ H I , 25 /R H I , when 
explore the relation of H I thickness with surface density properties 
in the following. But we also show the rele v ant trends of the un- 
normalized h̄ H I , 25 for reference. 
3.2.3 Normalized H I scale heights related to other galactic 
properties 
We present how normalized H I scale height h̄ H I , 25 /R H I correlates 
with surface density properties in Fig. 8 . We focus on the dependence 
on surface densities of mass and SFR, moti v ated by the quasi-static 
model of the vertical distribution of ISM (Krumholz et al. 2018 ). 
In the context of the model, we expect the scale heights to be 
anticorrelated with the mass surface densities, and correlated with 
the SFR surface densities. 

In Fig. 8 (a.1), the normalized H I scale height shows no cor- 
relation with total mass surface density ! Mtot, 25 . The total mass 
surface density, also called dynamical mass surface density, is taken 
from Paper IX (Irwin et al. 2012a ). This lack of relation between 
h̄ H I , 25 /R H I and ! Mtot, 25 is in contrast with the strong anticorrelation 
found in radio continuum Krause et al. ( 2018 ), suggesting different 
behaviour of the two ISM components. We notice that when replacing 
h̄ H I , 25 /R H I with h̄ H I , 25 , there is indeed a considerable anticorrelation 
with ! Mtot, 25 [with Pearson correlation coefficient of −0.58 ± 0.24, 
see Fig. 8 (a.2)]. We also point out that, we test and do find an 
anticorrelation between h̄ H I , 25 /R H I and ! Mtot, 25 when using the scale 
heights derived in Bacchini et al. ( 2019 ) for 12 galaxies from the H I 
Nearby Galaxy Surv e y (THINGS, Walter et al. 2008 ). Ho we ver, 
because Bacchini et al. ( 2019 ) assumed the hydrostatic equilibrium 
model when calculating the H I scale height, the resulted anticorre- 
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