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Studies of wave-vegetation interaction

The evolution of research on wave-vegetation interaction can be separated into studies
dealing solely with wave attenuation and those focusing on the velocity structure. Originally,
a Morison-based formula was used to calculate wave decay. This was related to the energy
density of the waves and the loss of energy reflected through wave decay (Dalrymple et al.
1984). The loss of energy was expressed exponentially through the imaginary wave number
k; by relating the forces exerted by vegetation on flow. Linearization of this formulation
led to the well-known damping coefficient 5, used to calculate wave evolution as a function
of the meadow length, i.e. wave decay. Wave decay is sometimes denoted as K, (z), where
K, =1/(1+ Bx), and z is the distance within the meadow following the direction of wave
propagation.

With time, oscillatory flow and its effect on aquatic vegetation, which is usually flexible,
was considered (Asano et al. 1992). Sway was taken into account through the relative
velocity between the plant and the surrounding instantaneous flow component. This reduced
drag, and thus wave damping. Calibration through the drag coefficient Cp thus began to
vary. Chen et al. (2018) and Henry et al. (2015) provide a comprehensive overview and
analysis of different C'p formulations based on either Re or K C. Equations S1-S5 represent
common calibrated forms of Cp based on Re and KC resulting from empirical studies,
where n; are the fit coefficients, [, is the reconfigured canopy height, and KC; = KC
factored by ..

Furthermore, the characterization of Re and [ using the effective length [, became im-
portant as reconfiguration modifies vegetation effects on flow (Luhar et al. 2010; Losada
et al. 2016). The considerations mentioned above are necessary to take into account plant
traits to determine their effect on the velocity structure accurately.

Other studies focused on the changes in in-canopy velocities to describe vegetation-
induced wave attenuation. Newer studies (e.g. Lei and Nepf 2019; Zhang et al. 2021) have
incorporated separate drag calculations for the stem and blades of a plant shoot. Interaction
among leaves has also been largely neglected. Zhang et al. (2021) include this from previous
studies through a so-called sheltering coefficient.
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Table S1 shows a summary of relevant studies, ordered chronologically, to show the
differences between experimental setups, hydrodynamic conditions trialed, vegetation char-
acteristics, and the main focus of the studies.



Table S1.: Summary of wave-vegetation interaction studies

E;;I_) Flume Wave Wave Flow Shoot Water Patch Canopy
Study FocusP il dim. Waves Height  Period vel.© Vegetationd density Depth dim. Height Summary?®
O Gmleb)) tested  pfem] TR foms™] [m—?] dm]  (Um]xb[m]) he[m]
Asano et al. 5.6— 3 Artificial Kelp Cp = O(1), calibrated
(1992)° WD  flume 27x0.5 regular 12 0.71-2 - (f) 1100/1490  0.45/0.52 8x0.5 0.25 based on ki, u,
Fonseca and 750 0.06— 0.17— %-change of E(z) as
Cahalan WD  flume 6.10x0.23 regular 1-20 0.6-3 - live(4 species) . ’ 1x0.23 ’ f(d). Up to 40% reduc-
28708 0.198 0.418 .
(1992) tion from seagrass
Dubi (1995) WD  flume  33x1 regular + 45y o6y 49 - artificial (f)L. 1200 0.4-1 9.3x0.50 0.2 i governed by T, sensi-
random 17 hyperborea tive to d, N
Re-based Cp for
sway/no sway (Eq. S1).
Méndez et al.  VS/ e regular + o e artificial kelp o o e e Reflection significant.
(1999)° WD flume see random see see ) (f) see see see see H/Hp function of drag
forces and vegetation
parameters
random,
Mendez and bie?ilc()lnn—g artificial kelp g;n (()gzl: SI;C}? gfedz
Losada WD  flume see © . see © see © - see © see © see © see © S T
(2004)° breaking (f) KC factored by [,. No
+ sway /reflection)
shoaling
Lowe et al. 2— . ) 100/ ay decreases with in-
(2005) VS flume 12x1.2 regular - 1-3 53 cylinders (r) 144/25 0.43 1.8x1.2 0.1 creasing Ao
. € = f(Ax), increases
Lowe et al. vs/ field - random - 225 (78 - cylinders (r) 64 1.5-1.8 2.4x1.2 0.1 with increasing owy. Cp
(2007) WD peak) 3
scales as Cp Aoy,
Bradley and B . ~ k; = f(T,E). New Cp
Houser WD  field - random 79 (0<1fr330([)Hz}<1)_ teslzltz‘jiigtm 1100 1 43.3xInf %2350 based on Re (Eq. S1)
(2009) 4 : and KC (Eq. S3)
mean current within
Luhar et al. 1.6— g artificial (f) Z. . g canopy f(Aocc,), atten-
(2010) VS flume 24x%0.38 regular 10.6 0.9-2 marina 300-1800 0.16-0.39 5x0.38 0.13 uation characterized by

Qw
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Table S1 Summary of wave-vegetation interaction studies (continued)

Ef};? Flume Wave Wave Flow Shoot Water Patch Canopy
Study FocusP A0 dim. Waves Height  Period vel.© Vegetationd density Depth dim. Height Summary?
(i:ty (Um]xb[m]) ~ tested  Hlem]  Tls) [cms "] (m—?] d[m] (U[m]xb[m])  he[m]
; Py o y ) measured H(i)/Ho
Stratigaki VS 39— 2.3/3 artificial (f 1.10/1.30 Higher N, h./d = higher
et al. (2011) WD flume 100x3 regular 43 3.5/4 ) P. oceanica 180/360 1.70 10.7x3 0-55 H reduction. u increases
at canopy top
measured H(x)/Hy
race- o 0.10/ varying hc, N, EI.
52%11112‘? al. WD track  17.55x0.6 rigu‘ilri;:“ 10 1 10 artéﬁ‘zill tg.’r) 500-8000 0.3 3x0.6  0.15/ Wave attenuation is
flume ’ 0.30  f(Af,Ap, N). Current
reduces wave attenuation
Flow attenuation charac-
. cylinders (r), terized by aw,. Velocity
Pujol et al. VS flume  6x0.5 regular ] 0.714/ ] artif. (F) P, 128/640/ 0.3 95x0.5  0.14  profile, wave-induced
(2013) 1/1.25 ) 1280
Oceanica current dependent on
he/d
. real Re-based Cp formula-
Moller et al. — wpy e g00xs  TBWATE L Ol= o6 - Puccinellia, 1225 2 39.44x5 229 tion (Eq. S1) for regular,
(2014) random 0.9 7008
Elymus random waves
Re-based Cp for com-
bined waves+current
Hu et al. WD flume  40x0.8  TBUAT Ty o0 1-2.5 0-go  Woodenrods 62/ 139/ .0, 5 6x0.8 0.36  fitted from B. Ue/Us
(2014) current (r) 556 . .
determine decay contri-
bution of current
blrc}(lr()iOWCI ;gg; C'p based on experimen-
Ozerenetal. wpy e 2060690 BN T 545 g7 - foam-cords (f) 623/ 0.5 0.7 3.66 0.48- tally fitted §. Re, KC-
(2014) random 1.03  based Cp formulations
and real (2 545/ iven (Eq. S1)
species) 2857 & -
. 430 .
3D regular + live P. Re-based formulation of
Losada et al. - ypy 00 30x44 random 12 1.2-2.2 30  maritima and (8.a.)/ 0.4/ 0.6 6! 0.28/ (Eq. S1) for varying
(2016) . 20 ; 877-1389 0.47 L
basin + current S. anglica wave+-current conditions

(P.m.)
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Table S1 Summary of wave-vegetation interaction studies (continued)

Exp.

far Flume Wave Wave Flow Shoot Water Patch Canopy
Study FocusP A0 dim. Waves Height  Period vel.© Vegetationd density Depth dim. Height Summary?®
(i:ty (Um]xb[m]) ~ tested  Hlem]  Tls) [cms "] (m—?] d[m] (U[m]xb[m])  he[m]
Uw, U’ increase within
El Allaoui ) gap, reduce for gap
et al. (2016) VS flume 6x0.5 regular - 0.833 - PE (f) 320/1280 0.3 0.84x0.5' 0.14  width < 2h. with N
’ found to be important
for shelter
B better predicted by le,
which depends on CalL.
Luharetal = wp  fume  24x038  regular 10, 082 - PE(Maround g00 0000 016039 05x0.38  0.03  Link used to calculate
(2017) 11.2 2-cm dowel .
ratio of bare bed and
vegetated H
. Vertical mixing quanti-
birch dowels -
Abdolahpour ;¢ g e 50x12 regular - 59 - (r), artif. (f)  400-3000 0.76 3.9x1.2 015/ fied. Flexibility decreases
et al. (2018) . 0.3 shear, thus mixing, but
P. australis . -
increases wake velocities
Zhang et al 2 artificial (f) Z. 228; iKEarfi C};p:;r(liirg ]s;(l)
. — . N e s -
(2018) S flume  24x0.38 regular 8.4 1/ 2 - marina ‘and 820/ 0.4-0.45 2/7x0.38 0.14 portionally linked to AE
V. americana :
1370 (formulation proposed)
Obtaining Cp from
force measurements vs.
232}(1)611;)1‘5 al. WD  flume see © rii‘ii;: see © see © see © wood(err; rods see © see © see © see ©  calibration through g.
KC-based formulation of
Cp (Eq. S4).
B calibration based on
Jow-density single 0.03/ e scaling law (obtained
Lei and Nepf WD  flume  24x0.38 regular 1.6- 1/ 1.4/ 2 - PE (f) (tv blade + 0.28 5x0.38 0.05/  from single blade experi-
(2019) 10 varies) 280-1370 0.1/  ments), good agreement
0.15  for range of lab, field ap-
plications
bamboo dowel KC-based Cp from fit-
van Veelen VSs/ 10— N o 8 ted B8 (Eq. S5), improved
et al. (2020) WD flume  30.7x0.8 regular 20 1.4-2 - (r) and silicon 1111 0.3-0.6 1.5x0.8 0.30 using in-canopy veloci-
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Table S1 Summary of wave-vegetation interaction studies (continued)

Ef};? Flume Wave Wave Flow Shoot Water Patch Canopy
Study FocusP A0 dim. Waves Height  Period vel.© Vegetationd density Depth dim. Height Summary?®
(i:ty (Ifm]xbfm]) ~ tested  Hlem] TV [cms™!] [m~?] d[m] (![m]xb[m]) e [m]

force-derived C'p applied
to develop numerical

VS flume 35x1.2 regular 9-21 2-5 - dowels (r) 3100 0.75 2.5x1.2 0.30  model of vertical dis-
tribution of U; in and
above canopy

van Rooijen
et al. (2020)

validation of modified
B based on scaling law

artif. S. .
Zhangetal  wp o guine 24x0.38  regular 2. DU/ LA alternifiora 280 0.18-045  4x0.38 030 @b toaccount for dif-
(2021) 8.2 2 (f) fering morphological
characteristics of single
shoots
artif. 7. new [ formulatlonh ff)r
Schaefer and O(pure o7 maring 0.27/ wave-current conditions
WD  flume  24x0.38 regular current)— 2 ) . 950 : 6.1x0.38  0.136 based on [le. le function
Nepf (2022) 10 low-density 0.45 - .
8.2 PE (f) of in-canopy velocity Uz

(# Ue)

Superscript legend:

2main outcome and approach taken, with E=energy density; e=rate of energy dissipation (calculated based on forces); k;=exponential decay coefficient; S=damping coefficient based
on the linearized height evolution H/Ho; o =in-canopy flow attenuation; Asc= wave excursion; u,=relative velocity between plants and flow; l,=reconfigured length due to flow;
T K E=Turbulent Kinetic Energy. Other variables found in main text/nomenclature.

bVS: Velocity Structure; WD: Wave Decay

cfor experiments with waves plus current

d(f): flexible, (r): rigid, PE=Polyethylene

®experimental data from Asano et al. (1988) for regular and Dubi (1995) for irregular

fdetails on experimental set-up in Lara et al. (2016) and Maza et al. (2015)

gspecies dependent

hflume partitioned

iwith cross-sectional gaps

Jcircular patch of vegetation

Kexperimental data from Hu et al. (2014)
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