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We investigate the sensitivity of our results to the parameters of our model in Supporting
Information C. The main conclusions of the paper are found to be robust.

Supporting Information D provides details about the determination of the vertical pro-
files of dissipation (exponential or hump), and the derivation of approximate expressions
relating dissipation and the linear wave amplitude at the seafloor.

Finally, we provide the global map of the local, depth-integrated energy dissipation in

Supporting Information E.
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Supporting Information A: Description of the wave
saturation method
1. Wave Saturation With Constant Stratification

1.1. Linear Solution

We first recall the linear solution when the stratification N is constant. Under the
assumptions of subcritical topography and infinite ocean depth, and using the same nota-
tions as in the paper, the interaction of the barotropic tide Ur(t) = (U cos wt, Vj sin wt)

with the seafloor topography generates waves, whose perturbation vertical velocity satis-

fies [Bell, 1975a, b]

0%\ 0*w 02 Pw  Pw
| = N+ =)= +==]=0 Al
(f * 8t2> 92 " ( Toe ) \ow tap ) 7! (A1)
The solution at the fundamental tidal frequency w has the form

w(z,y,z,t) = Re {W(w, Y, 2) e_m} (A2)

. A N2 — 2
with W (z,y, 2) = FT_I[WQ(]{, [)e™*] and m = —k 5 IR (A3)
w2 —

where Wy (k,1) = FT[Wo(z,y)] = I 22 Wz, y)e k=) dz dy denotes the horizontal
Fourier transform, FT 1 [W;(k,1)] = e oo o Wo(k, D)eih=+) dk dl its inverse,  de-
notes the magnitude of the horizontal wavenumber v/A2 4 [2 and f the Coriolis frequency.
The vertical wavenumber m is obtained from the dispersion relation and the radiation
condition (upward radiation of wave energy, i.e. upward group velocity, which for internal

waves means downward phase velocity < m < 0). Modulo a time oscillation with the M,
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tidal frequency w = 1.4 x 10~* s7!, the spatial structure of the waves is determined by
the boundary condition W, at z = 0 and by the vertical distribution e
If the frame of the topography (z,y) is aligned with the axes for the tidal ellipse (o = 0

in Figure Ala), the boundary vertical velocity is [MB09]

R / 2k.2 l2
Wo(k,1) = 2iwh( k:l Uok> + Vi /“’ eVl (KU, +4lVp) (A4)

where J; denotes the Bessel function of the first kind of order 1.

More generally, if the z and y axes make an angle o with the tidal ellipse (Figure Ala
with a # 0), the solution (A2-A3) is unchanged except the boundary condition (A4),
where the vector (k,1) is replaced by the wavenumber vector in the frame of the tidal

ellipse (K, L) = (kcosa — Isina, ksina + [ cos a) [MBO09]

USK?+ VEL?w

/UgKQ + VO2L2

We wrote the solution (A2-A5) for the perturbation vertical velocity w, but any other

A ~ J )
Wo(k, 1) = 2iwh(k,1)= ) gt (KUy +iLVp) . (A5)

function of the wave field has a similar shape, with simply a different bottom boundary
condition, which can be deduced from W, through polarization relations (given in MB09

equations (9-10)).

1.2. Wave Saturation
The idea behind the wave saturation method is to use the linear solution to predict its
own breakdown, i.e. wave breaking. We introduce the wave amplitude A, which signals

convective instability and is therefore related to the vertical density gradient:

9 9p

00z = N’ (1 —Re{A(z,y,2) e ™"}). (AG)

A is related to W by the polarization relation

A=—m/wV. (AT)
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The simplest way to saturate the waves, i.e. to enforce |A| <1, is toset Ato A/|A| where
it exceeds unity, which we refer to as “plain saturation” (Figure Alc). One issue is that the
saturated amplitude does not have zero mean, and hence is no longer a perturbation. In
that case, saturation may have a non local effect on other variables, for instance pressure,
which is a non local function of amplitude and which is therefore globally impacted by
the non-zero mean saturated amplitude. Subtracting the mean amplitude does not help
since wave breaking at one location would still change the wave field everywhere, which
is not physical.

Instead, we subtract a local mean with a typical horizontal saturation length L, (Figure
A1d) by convolving the saturated amplitude with a function g whose Fourier transform
is g(k,1) = k*/(Kk® + L;?) (see MBO09 for more details). This introduces a free parameter,
the saturation length L,. MBO09 pick O(3 — 5) km based on maximum energy loss at the
bottom. This criterion is not applicable in our global computation given the high com-
putational costs of trying several values for L,. Looking at a few examples of topography
spectrum (with values typical of the GA spectrum [Goff and Arbic, 2010]), we find that
the maximum energy loss at the bottom typically coincides with a saturation length which
is about three times the scale of maximum bottom amplitude, about 1 km in the region of
the Mid-Atlantic Ridge studied in the paper. We therefore pick the wave breaking extent
L, to be three times the most instable scale, yielding L, = 3 km near the Mid-Atlantic
Ridge, consistent with the range of values discussed in MB09 for the same region. Given
an unstable wave with a horizontal scale of 1 km, one can indeed expect wavebreaking to
occur with a horizontal imprint a few times this scale. We find that our results are very

robust to reasonable changes in this parameter (see Supporting Information C).
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Using the amplitude described above, the wave saturation algorithm works as follows
(dz denotes the grid size in the vertical, x = (z,y) and k = (k,1); also recall that with
constant stratification, the vertical structure of the amplitude in Fourier space is governed
by €™?):

e Start at the bottom z = 0 and compute the amplitude A(x, 0) of the linear waves.
Saturate locally A(x,0) = A4(x,0).

e Propagate to dz using the Fourier form (equation (A2)): A(x,dz) =
FT-{A,(k,0)emd= },
Saturate locally A(x,dz) = As(x,dz) ...

e Propagate to z + dz using the Fourier form: A(x,z + dz) = FT'{A,(k, z)e"™d },
Saturate locally A(x, z 4+ dz) = Ay (x, 2 + dz) ...

This yields the 3D saturated wave amplitude A4(x, z), from which the saturated wave

pressure ps and velocity (us, vs, ws) can be obtained through the polarization relations (in

MBO09 equations (9-10)).

1.3. Energy Dissipation
The equation for the total wave energy E = po/2(u? +v? +w?+b*/N?) is [e.g., Llewellyn

Smith and Young, 2002]

oF
— = —poV.(pu),

ot poV.(pu)

where u = (u,v,w) denotes the three-dimensional perturbation velocity, b the perturba-
tion buoyancy and p the perturbation pressure.

We are interested in the mean vertical profile of energy dissipation. We therefore take the

horizontal (over the entire domain) and time (over one tidal period) average of the above
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equation, denoted <.>. The horizontal terms vanish in the horizontal average, yielding
a relationship between the energy dissipation e = 0 < F > /0t and the divergence of the

vertical energy flux £ = pg < pw >:

o< pw > oF
€(z) = TR T T T (A8)

Without wave saturation, the vertical structure of the linear waves with constant strat-

ification is governed by e* which is unitary, so < pw > [ fy pw < [, [, pw* (by Par-
seval’s theorem) is independent of z, hence €(z) = 0. In other words, without saturation,
the linear wave energy is conserved as waves propagate away from the topography.

The energy dissipation through the wave saturation process can similarly be computed

from the divergence of the saturated vertical energy flux F, = —pg < psw, >
OF
S = — 9 Ag
e(s) == (A9

and generally €, # 0. In the paper, we used € instead of €, for the sake of brevity, making

clear that only the saturated flux could yield any dissipation.

2. Wave Saturation With Non-Constant Stratification

2.1. Linear Solution

In order to extend the wave solution to slowly varying stratification N(z), the Liouville-
Green (also known as the WKB or WKBJ approximation, named after Wentzel-Kramers-
Brillouin-Jeffreys, although those authors are more recent) method is used [Bender and
Orszag, 2005]. The equation for the vertical velocity is equation (Al) with N = N(z).
The solution still has the form given by equation (A2) and the boundary condition W is

unchanged, but the vertical structure ¢ in equation (A3) becomes

W(w,y,z) = FT~ [Wo(k,1) g(2)], (A10)
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where the function g(z) satisfies

@—I—m(z)z =0, g(0) =1, m(z) = —k
sz g=y, g -5 -

N(z)? —w?
o

(A11)
The WKB method consists in looking for a solution in the form g(z) =

exploo(z)/€ + ¢1(2) + Pa(z)e + ...] with € < 1. Keeping the leading order terms in (A11),

one finds

m(0)

m(z)

bo(2) /e = /O () de and éy(z) = In (A12)

= g(s) = [T e (A13)

Another approach to derive this result [Gill, 1982] is to use the fact that the exact
solution is known when N is constant g = exp[imz], and to therefore look for a solution
g = Aexplig(z)] with A = O(1), dA/dz = O(e), d*A/dz* = O(¢?) ..., and d¢/dz = O(1),
d’¢/dz? = O(e) ... Keeping the leading order terms in (A11) and requiring that the real
and imaginary parts vanish, one recovers (A13).

This yields for the vertical velocity

~ A/ .z , , 2 42
W(x,y,2) = FT~" |Wy(k,1) VIO i ey , where m(z) = —k NS = w?
vm(z) w? — f2
(A14)

Note that the vertical profile of the vertical velocity is w o< 1/+/m(z)etJo ™) 42" put

the vertical profile of variables related to w via a vertical derivative, such as pressure, is

P ox m(2) ox \/m(z)elJo ™)

2.2. Wave Saturation
We now apply wave saturation to the linear waves with varying stratification. The po-

larization relations are unchanged except that m is now m(z). In particular, the amplitude
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is related to w via a vertical derivative, and hence has a vertical profile

Az, y,z) = FT7' | Ay(k, 1) VM) g | (A15)
m(0)

The above form implies that the saturation method remains unchanged, except for the

vertical propagation xe™4* which becomes x e /m(z + dz)/\/m(z).

2.3. Energy Dissipation

As before, the energy dissipation is given by equation (A8). Without saturation, the
vertical structure of the waves is W o 1/\/Weifzm and p o \/Weifzm, so that
E x< pw >x fk fl pw* is again independent of z. Hence €(z) = 0, the energy of the linear
waves is conserved. The energy dissipated through the wave saturation process is again

computed from the saturated vertical energy flux

0 < pswg >

- (A16)

€s = —0

Again, we recall that e is used to refer to €, in the paper.
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{(b) Before zaturation (c) Plain saturation (d) Local saturation (L. ;=3 km)

Figure A1l. (a) Schematic of the setting. The frame of the tidal ellipse (z7, yr) makes an angle
a with the frame of the topography (x,y). (b)-(d) 1D illustrations of the saturation method.
Unstable amplitude (b), to which plain (c¢) and local (d) saturation are applied to the wave

amplitude A and pressure p.
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Supporting Information B: Convective versus shear
instability

Similarly to the amplitude introduced in the paper to signal convective instability, one

could introduce an amplitude to signal shear instability, related to the Richardson number

2 2\ 1/2
(Ou/0z)* + (Ov/0z) ) | (B1)

Agpear = RiTV2 = ( N2 & )02
where b and (u,v) denote the wave-induced buoyancy and horizontal velocity perturba-
tions. There are several issues with this amplitude. First, it is not clear which value
should be used for the critical amplitude, or equivalently for the critical Richardson num-
ber [Galperin et al., 2007]. The accepted range is between 0.2 and 1, encompassing the
commonly used threshold Ri..; = 1/4 derived for steady two-dimensional background
shear. Although in some cases this threshold is sharp even in non-steady conditions [e.g.,
Deloncle et al., 2008], Drazin [1977] shows that for internal waves Ri. = 1/4 is not
always applicable: the shear induced by internal waves is unsteady and a propagating
unidirectional internal gravity wave can be unstable even for large values of Ri. The pres-
ence of background rotation also makes the analysis more complicated. Another technical
issue is that the Richardson number is not a linear function of the wave field, so the other
wave fields can not easily be deduced from it through polarization relations. It is therefore

not clear how to compute the energy dissipation through wave saturation in that case.

This motivates our focus on convective instability in the paper.
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Nevertheless, we carry out a similar analysis for shear instability to that performed
in the regional study. For simplicity, we use a linearized amplitude accounting for the
strength of the shear, similar to equation (B1): {[(0u/d2)? + (Ov/0z)?]/N?}/? ~ Ri~V/2.
Figure B1 shows the bottom values of shear and convective instability amplitudes for the
Mid-Atlantic Ridge bathymetry spectrum. Interestingly, the amplitudes for convective
and shear instability are very similar. Depending on the critical Richardson number used,
shear instabilities are either negligible (Ri.+ = 1/4) or yield similar profiles (Rig = 1)
as convective instabilities (this was also noted by MB09). Most importantly, if Riz.;; = 1
is used, we find that accounting for both instabilities does not provide additional insight,
since once the wave field is saturated with respect to one amplitude, it is stable with

respect to the other amplitude.
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(a) Egversus I, [ Egdl =3.2mW m~
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(b) variance of A for shear
instability, [, A%dl =1.42
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(c) variance of A for convective
instability, [, A’dl =1.32
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Regional study over the mid-Atlantic ridge: values at z

0 versus horizontal

wavenumber [ (in the y direction) of the linear waves. (a) Energy flux, (b) amplitude variance

for shear (b) and convective (c) instability.
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Supporting Information C: Sensitivity to model
parameters

In this document, we investigate the sensitivity of our results to various parameters.
We first analyze the regional study near the Mid-Atlantic Ridge, and then investigate the
sensitivity of the global computation. We find that the results presented in the paper are

robust to reasonable changes in the parameters of our analytical model.

1. Sensitivity of the Regional Study in the Mid-Atlantic Ridge

Our model performs nonlinear saturation of the waves throughout their propagation
in the ocean interior from the bottom to the surface (or the reflection level if one is
reached before the surface). The saturation parameterizes the turbulent breaking following
convective instability, which happens when isopycnals overturn. This instability occurs
when the wave displacement amplitude A(z,y, z) exceeds as = 1 somewhere. However,
this value is somewhat conservative, as overturning does not always imply mixing [e.g.,
Staquet and Sommeria, 2002]. We therefore investigate the influence of slightly more
permissive values of as in Figure C1 (the control value is 1). We find that the vertical
profile of energy dissipation is robust to reasonable changes in this parameters. The other
parameter of the wave saturation method is the saturation length L, whose value is
determined from the wavelength L, of the most unstable wave: Ly = 3L, (in the Mid-

Atlantic region studied here, L4 ~ 1 km yielding Ly = 3 km). The results when we vary
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Ly from 1 km to 5 km (the control value is 3 km) are shown on Figure C1. Again the
vertical profiles obtained are robust.

We also find very little sensitivity to the domain size and resolution (not shown), as
long as the domain is larger than the largest scale of the bathymetry spectrum given
by equation (4) in the paper (L > 2m/ky ~ 30 km), and the resolution is much finer
than the smallest scale of the bathymetry spectrum (dxr < 27/l, ~ 6 km; the strong
inequality comes from the fact that [y is a roll-off wavenumber, not a sharp cut-off in the
spectrum). This is satisfied in the Mid-Atlantic Ridge study where we use domains with
typical horizontal size O(50 km) and resolution O(100 m). Results are also robust to
reasonable changes in the vertical resolution (results in the paper are shown for dz = 50

2. Sensitivity of the Global Computation

Here we justify the values of parameters used in our global computation, and we report
and comment on the sensitivity of our main results to the domain size L, the horizontal
resolution dz (in all our computations dx = dy), and saturation parameters a5 (saturation
threshold) and L (saturation length). In addition, the global computation involves an
energy flux capping E;™ used where Ej reaches unrealistically large values due to poor

tidal data in shallow regions (see main text).

2.1. Domain Size and Resolution
In the ocean, most abyssal hills due to seafloor spreading from ridges are strongly
anisotropic and feature two distinct wavenumbers with for instance kg < [y (see Figure

C2 for an illustration). As a result, we must ensure that the domain size is larger than the
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largest scale (L > 27/ky), and that the resolution resolves the smallest scales (dx < 27/l
— as mentioned in previous section, the strong inequality is because [y is not a sharp cutoff
at small scales [Goff and Arbic, 2010]).

The wave saturation makes intensive use of Fourier transforms, hence it is desirable to
use a number of points which is a power of two (the domain size and the number of points

are the same in the = and y directions): N, = 2". We first assign

2m 1
de = —— — C1
and require
2
L>=" (C2)
ko

We then deduce the smallest power n satisfying these conditions and the corresponding
L = (2" — 1) dx. About half of the locations require N, = 256 and half N, = 512, and
on average, we find that L ~ 1.5 x (27/kg). In order to investigate the sensitivity to
resolution and domain size, we perform an additional global computation, coarsening the
resolution in equation (C1) to dx = (27/ly)/40. Note that from equation (C2) and the
requirement that N, is a power of two, the domain size also changes from the control case.
We also present results from another global computation with dx coarsened by a factor
two dz = (27 /ly) /30, keeping L unchanged. The results are shown in the Table C1, where
we show the bottom energy flux Fy, and the global dissipation fraction ¢. As mentioned
in the paper, in the control case the energy flux is £y = 105 GW and the total dissipation
is 64 GW, yielding a global dissipation fraction of 61 %. We see that the bottom energy
flux Ej is almost unchanged while the local fraction ¢ seems to converge from ~ 50% to
~ 60% as the resolution is increased. This behaviour is not surprising: Ej is primarily

influenced by large-scales, while the dissipation is sensitive to small-scale bathymetric
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features. The impact of the vertical resolution dz is reported in Table C2. Propagating
the waves and saturating their amplitudes with smaller increments dz logically increases

dissipation, however the sensitivity of ¢ is found to be small (¢ ~ 60 % in all cases).

2.2. Saturation

The saturation method has two parameters, the saturation length L, and the amplitude
threshold a;. We tested the sensitivity of our results to both parameters. The sensitivity
to the amplitude threshold a4 in shown in Table C3. For the highest value as = 1.2, ¢ is
modestly reduced from 61 to 54 %. Table C4 shows that our results are also robust if we

vary L, in the range 2L 4 < L, < 5L 4.

2.3. Energy Flux Capping

In shallow regions where tidal data are often unreliably large — especially near Iceland
— a capping is applied to the energy flux (as was done in Melet et al. [2013]). Where
Ey > Ey™, the wave field is rescaled so as to yield Ey = Eg™.

As the most (reliable) energetic regions rarely exceed Fy = 5 x 1072 W m™2, we decided
to set £ = 107 W m~2. Calculations with E5™ =1 W m™2 (value used in Melet et al.
[2013]) were also made (Table C5). The larger capping obviously results in a larger global
Ey and in more dissipation (¢ = 67 % versus 61 %). This is due to the fact that very high

amplitude waves are highly unstable and dissipate most of their energy.
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Requirement on dx 2r L 2r T 21 1
lo 40

1o 60 lo 30
Deduced N 512 (55 %) 256 (70%)) 256 0(55%)
256 (45 %) 128 (30 %) 128 (45 %)
Ey (GW) 104.6 105.2 105.1
q (%) 61 56 50
Table C1. Sensitivity of the bottom energy flux Fy and global dissipation fraction ¢ to domain

length L and resolution dz. The results presented in the paper are in bold (control case).

dz (m)| 100 50 30
q (%) | 57 61 64

Table C2. Sensitivity of ¢ to the vertical step size dz. The control case is in bold.

a, 1.0 11 1.2
q (%) 61 58 54

Table C3. Sensitivity of ¢ to the saturation threshold as. The control case is in bold.

L, | La 204 3La AL, 504
¢ (%) 52 60 61 62 61

Table C4. Sensitivity of ¢ to the saturation length L,. The control case is in bold.

ES (W m 2) 0.1 1
Ey (GW) 104.6 136.2
ERreesale (GW) | 875 1020
q (%) 61 67

Table C5. Sensitivity of Ey and ¢ to the capping value ES*P. The calculation of Ey™8° ig

made in Melet et al. [2013]. The control case is in bold.
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Figure C1.

Vertical profile of wave energy dissipation through wave saturation for various

values of the saturation amplitude threshold a, (top) and for various values of the saturation

length Ly (bottom). The stratification is shown in green (constant N = Nyyyom left panels,

varying N(z) right panels).
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Figure C2. Example of synthetic abyssal hill with statistical characteristics of the Brazil basin
[Goff and Arbic, 2010]. Here L ~ 50 km, dx ~ 0.1 km (N = 512). (a) Three-dimensional view
showing clear anisotropic roughness kg < ly. (b) Two-dimensional cross-sections showing more

small-scale content (roughness) along the y direction (spreading axis).
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Supporting Information D: Determination of vertical
profiles of dissipation and approximations
1. Vertical Profiles and Regression Against Exponential Profiles

Here we supplement the information given in the paper regarding the determination
of exponential profiles and the quality of the linear regression (in log K, — z* space) as
measured by the factor R? (coefficient of determination).

Figure D1 shows examples of K, profiles obtained from our computations at four dif-
ferent locations and aims at providing insight into the choice of this criterion. Figure Dla
is a profile typical of regions of high Ey and ¢. The bottom diffusivity is large O(1073
m? s7!) and the exponential fit is excellent (R? = 0.94). Note the exponential behavior
in both z- and z*-coordinate systems. By contrast, Figure D1b shows that in regions
of weaker F; (and hence weaker K,(0), here O(107*) m? s') only K,(z*) is reasonably
exponential. The fit is still very good in average, with R? = 0.88. Figure Dlc portrays an
even weaker profile, still decaying with height and exponential in average but resembling
more and more a hump profile. The decay scale is larger and the fit less good (R? = 0.74).
This profile is typically found over the smoother ridge flanks (here by the Mid-Atlantic
Ridge). Below R? = 0.6, we consider that the profile is a hump profile. This profile
type transition is pictured in Figure D1d (R? = 0.25), which is located very close to the
previous point (46°W 14.5°S versus 45°W 14°S). Note the difference between the altitude

of the maximum K, (hump) in the two coordinate systems. Though we do not provide
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evidence for the sake of brevity, we find that using the z* coordinate is the only way to
efficiently collapse most humps in the window 0.3 < 25 .. < 0.5.

The criterion for exponentially-decaying profiles is 2§ > 0 and R* > 0.6. Below R? = 0.6,
we consider that the profile is a hump profile. Figure D2 presents the map of R? for
exponential profiles. The most energetic points above the ridges are found to possess
excellent B2 > 0.9 values. We find that half of the energy dissipated at exponential

profiles occurs at points with R? > 0.9, while 76 % occurs at points with R? > 0.8 and 93

% at points with R? > 0.7.

2. Empirical Approximations
We explain how we obtain the empirical expressions for the local fraction ¢*P*** and

approx ,* approx
) Z()

decay scale of exponential profiles z; “P*"***. The empirical approximations ¢
are predictive tools designed to reproduce the median distributions of ¢ and zj with respect

to A™5(0) and their energetic contributions.

2 . 1 . qapprox

aPPTOX iy obhtained by considering the empirical distribution of ¢

The empirical formula ¢
with respect to A™5(0). As shown in Figure D3a, we represent this distribution in terms
of a median curve and two extreme percentiles (10 % and 90 %). The approximation
reproduces the median with excellent accuracy.

Energetically, we consider the density of the dissipated energy gFE, with respect to ¢
(analogue of a probability density function, PDF), see Figure D3b. Integrating this PDF

between ¢; and ¢, yields the dissipation by regions with ¢; < ¢ < ¢» (integral between

0 and 100 % yields 64 GW). Our expression ¢*PP™* also agrees well with this density,
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which means that it reproduces the energetic contribution of each type of region. The
peak near ¢ = 87 % is an artifact due to the exponential in our expression. The noise in
Figure D3b is reduced by looking at the cumulative distribution function (CDF, obtained

by integrating the PDF), for which an excellent agreement is found (Figure D3c).

2.2, z WPProx
The determination of z; ™ is made according to the same method. Figure D4a

shows that our approximation reproduces well the median distribution of decay scales 500
m < z; < 1000 m. We note that the expression z; “***** breaks down for A™5(0) < 0.4,
below which the profiles are no longer exponential (hump profiles).

The agreement in terms of cumulated energy is also good (Figure D4c), while the full
density is not as well captured (Figure D4b). This is due in part to shallow regions,
especially around Iceland, where extreme tidal amplitudes cause z; “PP** < 250 m (see
arrow). Our opinion is that such values are unreliable and our model is not designed to
predict them. A capping of E;™ =1 W m™2 (instead of E5™ = 0.1 W m™? here) would

amplify this peak even more.
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a 49E, 385 b 12W, 48 ¢ 45W, 148 d 46W, 14.55
E,= 13x 107 W/m?, q=79% E,=35x10°W/m’, q=81% E,=7.1x10°W/m’® q=71% E,=38x10° W/m” q=66%
2 =687 m R =094 z’,=784m R?=0.88 ', =1249m R*=0.74 7', =2244m R’ =0.25 (hump)
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Figure D1. Examples of diapycnal diffusivity profiles from our computations. (a)-(c) Three
typical exponentially-decaying profiles, with (a) excellent, (a) good and (c) correct fit. (d) Hump

profile, with poor exponential fit B? < 0.6. Note the difference between K,(z) and K,(z*).
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Figure D2. Map of the determination coefficient R? of the linear regression in (log K, — z*)
space, quantifying the goodness of the fit (R? > 0.6 by our definition of exponential profiles). As
in Figure 6 of the paper, gray indicates little dissipation ¢Ey, < 107> W m~2. Pink stands for

regions of hump profiles.
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Figure D3. Determination and validity of ¢*PP™*. (a) Distribution of the empirical and ap-
proximated ¢ with respect to A™5(0). (b) Probability density function (PDF) and (c¢) cumulative
distribution function (CDF) of the dissipation qEy with respect to ¢q. Total dissipation amounts

to 64 GW.
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Figure D4.  Determination and validity of z,

*

3D MAP OF TIDAL DISSIPATION

Iceland
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7, (M)

aPPIO% "~ (a) Distribution of the empirical and

approximated z§ with respect to A™5(0). (b) Probability density function (PDF) and (¢) cumu-

lative distribution function (CDF) of the dissipation ¢E, with respect to zj. Total amounts to

44 GW (energy dissipated by exponentially-decaying profiles).
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Supporting Information E: Global map of the
depth-integrated energy dissipation

Here we give the map of the worldwide distribution of vertically integrated energy
dissipation qFEy = fOH € dz. The values showed in figure E1 are simply the product of the

ones in figure la (Fy) and figure 1b (¢) in the paper.

60N +

30N .

308 4" iy B

60S Tigg.

180W 120W 60W 0 60E 120E 180E

Figure E1. Horizontal distribution of the depth-integrated tidal energy dissipation gqFj.
White denotes regions with no bathymetry data (no abyssal hill) or low tidal energy conversion
(Ey < 107° W m~2, shown in gray in figure 1la of the paper), where dissipation has not been
computed. Gray thus denotes regions where £y > 107> W m~2, but ¢F, < 107> W m~2. All

data is at 1/4° x 1/4° resolution.
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